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SUMMARY. 

Based upon the examination of the palynostratigraphy of 28 well sections and 6 

multi-well studies, the Westphalian sequences in the Southern North Sea 
Carboniferous Basin are divided into 7 biozones and 12 sub-biozones. These are 
related, via the known regional northwest European palynostratigraphy, to the 
chronostratigraphic units of the Westphalian. 

Analysis of 164 palynological samples from Westphalian sections in the 
Murdoch Gas Field wells 44/22-1,44/22-3 and 44/22-4, coupled with the 
recognition of diagnostic macrofossil faunas indicative of the Vanderbeckei 
Marine Band, allows the direct calibration of part of the palynostratigraphic 
classification with the chronostratigraphy. 

Palynological assemblages from these wells contain significant numbers of 
acritarch and miospore taxa interpreted as being reworked from Lower 
Palaeozoic, Devonian and early Namurian sediments, possibly during multiple 
phases of reworking. Assemblages also contain unusually old examples of 
striate disaccate and monocolpate pollen. 

One new genus (Ala rasmospo rites) and eighteen new species (Auroraspora? 

pickerillensis, Dibolisporites ranunculioides, Elaterites anfractus, Endosporites 

pygmaeus, Hymenospora murdochensis, Knoxisporites biceps, Kraeuselisporites 

crassus, K. pseudoornates, Marasmosporites semiesus, Neoraistrickia exigua, N. 

virgultorum, Pityosporites inaequus, Protohaploxypinus masonii, Raistrickia parvula, 
Savitrisporites semotus, Spelaeotriletes oppletus, S. bulboides and Vestispora dubia) 

are described. 
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1. INTRODUCTION. 

Recent, important hydrocarbon discoveries in the Silesian of the southern 
North Sea have focussed attention on the palaeontological division and 
recognition of these sequences. Traditional macropalaeontology is of limited 

use in this area due to the destruction of macrofossils during drilling. 
Micropalaeontological and, in particular (due to the lithological and 
palaeoenvironmental nature of the sequences), palynological techniques have a 
great advantage. 

In order to integrate the palaeontological data from several wells which 
penetrate Westphalian (late Silesian) sections in the Southern North Sea 
Carboniferous Basin it has proved desirable to erect a standard 
palynostratigraphic classification for these sequences. This has been achieved 
by reference to palynological data acquired over the last twenty or so years by 

routine and review analyses of over fifty Westphalian well sections from the 
Southern North Sea Carboniferous Basin by the Industrial Palynology Unit of 
the University of Sheffield. Further data has been acquired from numerous 
unpublished Ph. D. theses from the University of Sheffield and from an 
extensive literature describing onshore European Carboniferous 

palynostratigraphy. 

In order to attempt to calibrate the palynostratigraphic classification with the 
standard chronostratigraphy, three well sections from the southern North Sea 
from which independent macropalaeontological control is available have been 

analysed in detail. 

1.1. THE SOUTHERN NORTH SEA CARBONIFEROUS BASIN. 

Drilling and seismic data reveal the presence of a pre-Permian sedimentary 
basin beneath the southern North Sea (Glennie et al., 1987; Evans et al., i992). 
Carboniferous rocks within this basin are broadly disposed in a large, gentle 
ESE-plunging anticline (Eames, 1975; Smith, 1985) and are unconformably 
overlain by the Rotliegendes (Parsley, 1986). The name Southern North Sea 
Carboniferous Basin (S. N. S. C. B. ) has been applied to this regional structure by 
Leeder & Hardman (1990). 
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1.1.1. Historical introduction. 

It has long been recognised that Carboniferous sediments provide the source 
for gas discovered in Rotliegendes and Bunter reservoirs in the Southern North 
Sea (e. g. Eames, 1975; Cornford, 1984; Hedemann, 1985). Although oil has been 
produced from Carboniferous reservoirs of onshore UK since the 1930's (Lees & 
Cox, 1937; Kent, 1985; Bowen, 1991) rocks of similar age in the S. N. S. C. B. have 

poor reservoir qualities compared with the overlying Rotliegendes sandstones 
(Glennie, 1986). Furthermore, the lack of interest in Carboniferous hydrocarbon 

plays was compounded by the problem of poor seismic resolution and the 
difficulties of subsurface mapping of these sequences (Besley, 1990). 
Consequently, until recently the Carboniferous has been considered to be 

economic basement in the southern North Sea, and most exploration wells do 

not penetrate more than 10 or 20m. into 'ratholes'in the oxidised Carboniferous 

sediments lying beneath the Permian unconformity. These oxidised sediments 
rarely contain palynomorphs and so stratigraphic control on these short 
penetrations into the Carboniferous is lacking. 

Recognition of the development of widespread secondary porosity in 
Westphalian sandstones and advances in the understanding of basin evolution, 
together with economic factors such as the improvements in the prospective 
prices for gas in the early 1980s and encouragement by the UK Department of 
Energy, have led to reappraisal of the reservoir potential of the Silesian of the 
S. N. S. C. B. (Cowan, 1989; Besley, 1990). A major development in hydrocarbon 

exploration in the North Sea Gas Basin has been the drilling of deep wells 
beneath the Permian into the Carboniferous. Several of these wells have proved 
thick Silesian sequences (Leeder & Hardman, 1990; Leeder et al., 1990) some of 
which have yielded commercial quantities of natural gas (Besley, 1990). 
Subsequently, hydrocarbon exploration has identified several economic Silesian 

reservoirs (e. g. Bailey, et al., 1993; Besley, et al., 1992; Hollywood & Whorlou", 
1993), such as the Murdoch/Caister Sandstone (Gunn et al., 1993; Ritchie & 
Pratsides, 1993) 

In view of this increased interest, many of the Carboniferous sections in the 
S. N. S. C. B. have been re-evaluated by exploration companies. Even so, there are 
many large gaps in the understanding of the geology of the basin. The principal 
methodology for interpretation remains the extrapolation into the off-shore 
from onshore sequences in the surrounding area (Besley, 1990). Given the 
similarities between Silesian sequences across Northwest Europe, there does 
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seem to be an a priori case for the comparison of S. N. S. C. B. sedimentary 
sequences and fades with those from onshore UK (Besley, 1988). This appears 
tobe borne out by sedimentological studies which find that off-shore well 
sections compare closely with onshore sections from the Northumberland 
Trough and the Pennine Basin (Collinson et al., 1993). 

1.2. SILESIAN STRATIGRAPHY. 

The Silesian Subsystem of the Carboniferous System corresponds to the Upper 
Carboniferous of Western Europe (van Leckwijk, 1960). The major divisions of 
the Silesian (Namurian, Westphalian and Stephanian) are regarded as Series 
(George & Wagner, 1972; Ramsbottom et al., 1978). The Chronostratigraphy of 
the Carboniferous of Northwest Europe is outlined in Figure 1. 

The lower limit of the Silesian Subsystem corresponds with the lower limit of 
the Pendleian Stage of the Namurian Series. This boundary is defined as the 
base of the strata containing the goniatite species Cravenoceras leion Bisat 1930. 
This definition is biostratigraphical in concept. There has yet to be a stratotype 
assigned to define the base of the Silesian, although Ramsbottom (1981) has 

proposed such a section. 

The upper limit of the Silesian is defined by the base of the overlying Permian. 
This too has yet to be formally agreed but this does not represent a problem in 
Britain and the southern North Sea where the upper part of the Silesian is 

absent. Here the preserved Silesian succession contains scarcely any sediments 
attributable to the Upper Carboniferous in the Russian sense (Figure 2). The 
highest Silesian sediments are only slightly younger than the top of the Russian 
Middle Carboniferous and the American Middle Pennsylvanian (Wagner, 1974; 
Ramsbottom eta!., 1978). 

1.2.1. A comment on the future of Carboniferous stratigraphic nomenclature. 

International agreement on the division of the Carboniferous System is due to 
undergo a major change. Following ten years of discussion on Carboniferous 

nomenclature (Lane & Manger, 1985) the Subcommission on Carboniferous 
Stratigraphy in 1984 approved a proposal to establish a formal boundary 
between the upper and lower parts of the System. The designation of this 
boundary, which will be located at the horizon of the Subglobusum 
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Figure 1. Chronostratigraphic Units of the Carboniferous of Europe. After 
Wagner (1974) and George et al. (1976). 
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Marine Band (Riley et al., 1987), will bring into existence two, as yet unnamed, 
subsystems, neither of which are equivalent to the Dinantian/Silesian nor the 
Mississippian/Pennsylvanian of current usage (Figure 2). The formal 

establishment of the new boundary and subsystems is expected in 1993 or 1994 
(John Varker, pers. comm. January, 1993). It is probable, then, that the 

stratigraphic nomenclature of subsystems used in this thesis is soon to be out of 
date. 

1.2.2. Subdivision of the Westphalian. 

The 2nd International Congress on Carboniferous Stratigraphy in Heerlen, 
1935, defined contiguous Stages within the Westphalian as Westphalian A, B, 
C, and D in ascending sequence (Jongmans & Gothan, 1937). Owens et al. 
(1985) proposed replacement of the Heerlen terminology with stage names 
based on stratotypes within the British Isles. In their classification the 
Westphalian A is replaced by the Langsettian Stage, the Westphalian B by the 
Duckmantian Stage, and the Westphalian C by the Bolsovian Stage. The 

stratigraphic classification of the Westphalian is shown in Figure 3. 

The base of the Langsettian Stage is defined by the base of the Subcrenatum 
Marine Band (= Pot Clay M. B. = Sarnsbank M. B. ). The Stage is equivalent to the 
Westphalian A of the Heerlen classification with its upper limit being placed 
within the Modiolaris Zone at the Vanderbeckei Marine Band. The top of the 
Langsettian Stage corresponds to the base of the Duckmantian. 

The base of the Duckmantian is defined by the base of the Vanderbeckei Marine 
Band (= Clay Cross M. B. = Amman M. B. = Katharina M. B. ). The stage is 

equivalent to the Westphalian B of the Heerlen 1935 classification and embraces 
the upper part of the Modiolaris and the whole of the Lower Similis-Pulchra 
Zones (Owens et al., 1985). The top of the Duckmantian corresponds to the base 

of the Bolsovian Stage which is taken at the base of the Aegiranum Marine 
Band (= Mansfield M. B. = Aegir M. B. ). 

In this account the stratigraphic nomenclature of Owens et al. (1985) is used for 
the Westphalian in preference to the "international" nomenclature proposed by 
Harland et al. (1982), based on Russian sections. The latter has yet to gain wide 
acceptance in Britain. 
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Figure 2. International Correlation of the Carboniferous. After Wagner (1974), 
George et al. (1976), Ramsbottom et al. (1978) and Riley et al. (1987). 
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1.3. THE SILESIAN OF NORTHWESTERN EUROPE. 

I 
The Silesian palaeogeography and palaeotectonic setting of Northwest Europe 
is illustrated in Figures 4 and 5. Details of the European Silesian geology can be 
found in Ziegler (1990) and references therein. 

1.3.1. Tectonic setting of Northwest Europe. 

Plate tectonic reconstructions suggest that the British Isles and the southern 
North Sea lay in an equatorial to subequatorial position North of the active 
Devonian/ Carboniferous Variscan orogenic belt. This orogenic belt resulted 
from the collision of African Gondwanaland with European Laurussia (Ziegler, 

1981; Leeder, 1988b). The initial deformation of the belt started in the Late 
Devonian across central Europe, associated with a northward dipping 

subduction zone. Related to this was a back-arc seaway extending from south 
west England into central Germany. As the orogen evolved the deformation 
front migrated northwards. The closure and deformation of the back-arc 

seaway led to the formation of a flexural foreland basin on which were 
developed the Central Pennine and Southern North Sea Carboniferous Basins 
(see below). Contrasting models have been developed to explain subsidence 
patterns which controlled deposition on this foreland. These include crustal 
extension (Leeder, 1988b), transtension and dextral shear (Dewey, 1982) and 
loading of the foreland by advancing nappe sheets (Dewey, 1982). The foreland 

migrated northwards during the Namurian and Westphalian, reaching its 

maximum northward extent in central England during the Westphalian and 
Stephanian. Regional Variscan deformation reached these areas in the 
Autunian producing widespread folding and block faulting. This was 
associated with, and followed by, major erosion which formed the Saalian 
('basal Permian") Unconformity. 

1.3.2. Background Geology of the Southern North Sea Carboniferous Basin. 

The S. N. S. C. B. is part of a large, retro-arc structure located on the 
Carboniferous foreland immediately to the north of the Anglo-Brabant High 

and immediately south of the Mid North Sea High (Figure 8). It is best viewed 
as an eastern continuation of the Pennine Carboniferous Basin. The two sub- 
basins are separated in the south by the East Midlands Shelf, an area of 
relatively low subsidence during the Silesian, intruded by ? Caledonian 

granitoids (Leeder & Hardman, 1990; Donato, 1993). 
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The S. N. S. C. B. formed a morphologically smooth and almost horizontal 
depositional area during the Silesian. It is separated from the more complicated 
Carboniferous basins of Britain, with their underlying basement of broken 
Caledonian fault blocks, by the Dowsing Fault Zone (Coward, 1990, fig. 16). 
The Dowsing - South Hewett Fault Zone marks the Northeastern edge of the 
Brabant Massif. In the southern North Sea, Carboniferous sediments were 
deposited in a broad basin which extended into North Germany, the 
Northeastern boundary of which lies along the Tornquist Line and its 

continuation as the Trans-European Fault Zone (Coward, 1990, Fig. 16). In the 
North Sea the Westphalian reaches a thickness of 1.2km in the Sole Pit Basin, 

close to the Dowsing Fault (Ziegler, 1981). This figure suggests a lower crustal 
stretching factor than that of the Anglo-Scottish Carboniferous Basins, though 

as the basin is very wide the amount of stretching may be very similar. The 
difference in basin kinematics may reflect different Caledonian inheritance, in 

that the Anglo-Scottish and Irish basins overlay crust which had been deformed 

and thickened during the Silurian-Devonian and the main stretch was 
concentrated in the region between the Iapetus suture and the older Cadomian 

basement. The extension in the S. N. S. C. B. seems to have been concentrated 
further south, possibly along a continuation of the North German Caledonides 
(Coward, 1990). 

The S. N. S. C. B., along with the onshore East Midlands area of England and the 
Netherlands Basin, forms a single post-Palaeozoic tectonic unit (Gibbs, 1986) 

characterised by major strike-slip zones such as the Sole Pit, Market-Weighton 

axis in the U. K (e. g. Glennie & Boegner, 1981) with intervening inverted sub- 
basins. 

1.3.3. Tectonic development of Britain and the Southern North Sea 
Carboniferous Basin. 

Plate tectonic reconstructions suggest that the North Sea and adjacent onshore 
areas lay 'external' (sensu Besley, 1988) to the Variscan front, i. e. occupied a 
more distal position on the Variscan foreland. Basin fills were only affected by 

moderate or slight deformation in the latest stages of the Variscan orogeny and 
are unmetamorphosed and autochthonous. Even so the tectonic history of these 
areas was largely controlled by the nature of the orogen. 

The Early Carboniferous Central Pennine Basin and S. N. S. C. B. were established 
on the fragmentary remains of the "Old Red Sandstone Continent" broken up 
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by widespread crustal extension in the area of the Anglo-Brabant Massif. 
Tectonic control and subsidence of these basins was determined by the location 

of Precambrian and Caledonian granites (Bott, 1967; Donato, 1993) and earlier 
relict structural grain (Fraser et al., 1990; Leeder & Hardman, 1990). The 

mechanism behind this Early Carboniferous extension is the subject of debate 
(see Haszeldine, 1984; Read, 1988). Nevertheless, the whole of the S. N. S. C. B. 

suffered lithospheric extension in the Late Devonian to mid Carboniferous with 
the development and filling of active fault-bounded half grabens. 

During the late Carboniferous differential subsidence associated with crustal 
extension gave way to more uniform thermal subsidence interpreted by Leeder 

& Hardman (1990) as a post-rift phase of thermal sag subsidence. Häszeldine 
(1984) interprets the Langsettian/Duckmantian basins of the British Isles as 
being of tensional rift origin with sediment source reactivation due to uplift 

related to crustal fracturing which extended to the west and northeast of the 
British Isles. A much more uniform distribution of sediment thickness is seen in 

the Namurian and early to middle Westphalian of the Central Pennine Basin 

and S. N. S. C. B., although syndepositional faulting continued to affect the 

southern margins of the basins (Fulton & Williams, 1988; Besley, 1990). 
Furthermore, seismic data from the S. N. S. C. B. shows the regional development 

of a post-rift megasequence over the S. N. S. C. B. (Fraser & Gawthorpe, 1990). 
Isopachs for the post-rift section exhibit a classic, 'bullseye" pattern (Figure 6) 

which is best interpreted as resulting from a phase of passive thermal 

subsidence (Leeder & Hardman, 1990). 

From the middle Duckmantian onwards, patterns of sedimentation were 
increasingly affected by the approach of the Variscan deformation front. Fault 

activity in the basin increased and local unconformities developed in the late 
Bolsovian and Westphalian D. In the S. N. S. C. B. crustal shortening caused 
growth folding and the development of syn-tectonic unconformities along the 
margins of the growth folds and their surrounding aprons of fluviatile red beds 
(Leeder & Hardman, 1990). 

North-South compression associated with the Variscan orogeny is invoked to 
account for late Carboniferous inversion in the Northwest-Southeast zone of 
crustal weakness in the Sole Pit area (Glennie & Boegner, 1981). In the late 
Carboniferous inversion phase, right-lateral movement resulted from North- 
South compression, and in the Permian subsidence phase, East-West tension is 

presumed to have resulted in further right-lateral movement along 
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Figure 6. Generalised Langsettian/ Duckmantian isopach map of the Central 
Pennine and Southern North Sea Basins (after Guion & Fielding (1988), Leeder 
& Hardman (1990) and Ziegler (1990)). Isopachs in metres. 
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approximately the same faults (Glennie, 1986). In the late Westphalian the 
Silesian basins were inverted by the onset of a regional East-West compressive 
stress in the Variscan foreland. In some areas (structural domain 1 of Leeder & 
Hardman (1990)) anticlines developed by the simple compressive reactivation 
of earlier listric normal growth faults. In others groups of en-echelon anticlines 
indicate a more complex relationship with pre-existing basin structures. 
Sediment was redistributed from structural highs within the basin during the 
late Westphalian and a profound erosion of the main inverted areas continued 
throughout the Stephanian and early Permian. This latest Westphalian and 
Stephanian inversion was a response to compressional stresses that affected the 
Variscan foreland during the terminal phases of the Variscan orogeny 
(Anderton et al, 1979). 

Following the North-South compression associated with the Variscan orogeny, 
relative movement between Laurasia and Gondwana became orientated East- 
West (Ziegler, 1982b). The resulting system of Northwest-Southeast trending 
right-lateral and conjugate left-lateral Northeast-Southwest trending wrench 
faults brought about the collapse of the Variscan fold belt in the Stephanian and 
Autunian. In the S. N. S. C. B. many of these wrench faults are aligned parallel to 
the Precambrian Charnoid structures of the East Midlands of England. 

The post-Carboniferous tectonic evolution of the S. N. S. C. B. is described by 
Glennie (1990). The topic is too extensive to be covered in this work. Suffice it to 

say that within the S. N. S. C. B. are several distinct sub-basins which have had 
different subsidence and inversion histories during the latest Palaeozoic, 
Mesozoic and Cenozoic. These include the Sole Pit, Silver Pit, Cleaver Bank, 
Amethyst Platform and Cleveland Basins (Glennie & Boegner, 1981). Details of 
the structural and tectonic evolution of these, and their relations to 
hydrocarbon evolution can be found in works in Glennie (1990), Abbotts (1991) 

and Quirk (1993). 

1.3.4. Pre-Carboniferous Basement. 

Little is known about the pre-Upper Palaeozoic basement to the S. N. S. C. B.. It is 
probably underlain by Caledonian low-grade metamorphic rocks and granitoid 
intrusions (Frost et al., 1981). The basement probably represents a branch of the 
mid-European Caledonides that links the English Lake District and northern 
Pennines to the Ardennes (Pharaoh et al.; 1987; Soper et al., 1987). 
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There is evidence from wells in Quadrants 30,36,37 and 38 that the Dinantian 

sequences that dip off the southern flank of the Mid North Sea High are 
underlain by substantial thicknesses of Late Devonian fluviatile clastic 
sediments. In central Quadrant 37 there is evidence that Permian strata rest 
directly upon the Lower Palaeozoic basement (Leeder & Hardman, 1990). 
However, as these pre-Carboniferous sediments are too deeply buried to play 
any role in the hydrocarbon prospectivity of the southern North Sea they have 
been rarely studied (Richards, 1990). 

1.3.5. Dinantian stratigraphy. 

Dinantian sequences penetrated on the southern flank of the Mid North Sea 
High vary from fluviatile red bed fades of Old Red Sandstone type to 

alternating limestone/clastic fades of Yoredale type. Coeval onshore analogues 
of these fades are present in the syn-rift basins of Stainmore, Askrigg, Alston 

and Northumberland. Fades of Scremerston Coal Group type have also been 

penetrated off-shore (Leeder & Hardman, 1990). 

Dinantian strata have not been penetrated in the central part of the S. N. S. C. B.. 
Seismic evidence seems to suggest that the Dinantian to the south of the Mid 
North Sea High may be represented by a basinal mudstone fades (Leeder & 
Hardman, 1990) with shallow water marine and fluvio-deltaic deposition over 
relative highs (Bailey et al., 1993). 

1.3.6. Namurian stratigraphy. 

Namurian strata have been penetrated beneath the Permian subcrop and also 
in deep wells which penetrate beneath the Westphalian. Depocentres, probably 
related to former syn-rift lows accumulated over 2000m of sediment. Namurian 
fades development is exemplified by well 48/3-3 (described by Leeder et al. 
(1990) and reinterpreted by Collinson et al. (1993)) which shows a large-scale 

coarsening upwards sequence representing the progressive infilling of a deep 

water, formerly active syn-rift basin. In this well Marsdenian? (Leeder et al., 
1990) or Pendleian-Arnsbergian (Collinson et al., 1993) deep water black shales 
pass up into delta-front turbidites and delta slope deposits, in turn overlain by 

coarse grained fluvio-deltaic distributary channel sandbodies. This facies 

evolution represents the repeated Southwesterly progradation of successive 
major fluvio-deltaic systems which were frequently interrupted by rapid 
marine transgressions. On a basinal scale, there is a gradual southwards 
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migration of the axes of fluvial deposition with time (see Leeder & Hardman, 
1990, fig. 4). -, 

1.3.7. Langsettian/Duckmantian stratigraphy. 

A Langsettian/Duckmantian depocentre is located in southern Quadrant 43 
where over 1000m of sediment accumulated (Glennie, 1986; Collinson et al., 
1993). This section thins southwards onto the flanks of the Anglo-Brabant High. 
Along much of the northern margin of this high the Langsettian/Duckmantian 
sediments overstep the Namurian to lie upon older strata in `a 'steer's head' 

onlap geometry (Leeder & Hardman, 1990). 

Early Langsettian sequences comprise dominantly fluvio-deltaic sediments 
deposited in a lower delta plain setting (Guion & Fielding, 1988), with thin 
marine mudstones common in the lower part and especially in the western part 
of the basin (Leeder & Hardman, 1990). Upper delta plain environments 
dominated the later Langsettian and Duckmantian sedimentation. Marine 
influence was minimal with the exception of the-widespread, probably eustatic, 
transgressions of the Vanderbeckei and Aegiranum Marine Bands, and more 
localised marine and brackish flooding events restricted to the central part of 
the basins. 

Major Langsettian/Duckmantian facies are -represented in Guion & Fielding 
(1988, table 13.1) and generalised facies associations by Cowan (1989, fig. 3) (see 
Figure 7). In general, the sediments are similar in nature to those described in 

the Durham Coalfield by Fielding (1984a, b), on the Northumberland coast by 
Haszeldine & Anderton (1980), and in the Pennine Basin by Guion & Fielding 
(1988)(Glennie, 1986; Cowan, 1989). There is a general consensus that the 

sedimentological model developed by Fielding (1984a, b, 1986) for the 
Langsettian/Duckmantian of the Durham Coalfield can be applied to the bulk 

of the coeval sediments encountered in the central part of the S. N. S. C. B. with 
the addition of pebbly braided distributary channel facies. Major distributary 

channels were the main pathways of sediment dispersal across the delta plain. 
Channel systems were of several types with a range of sinuosities including 
braidplain sheets and laterally restricted, variably sinuous channel belts. 
Channels fed a hierarchy of minor distributary deltas, crevasse systems and 
overbank deposits, depositing sediments in shallow interdistributary lakes and 
bays formed primarily by compactional-induced subsidence. Deposition was 
predominantly by overbank flooding and crevassing into interdistributary bays 
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and lakes producing argillaceous sequences which often coarsen upwards. Thin 

sands interbedded with mudstones were deposited in distal crevasse splay and 
overbank settings, and proximal crevasse splays (minor mouth bars) produce 
upward-coarsening fine- to medium-grained sand bodies, often cut into and 
overlain by distributary channel sandstones. The channel sandstones have 
distinct electric-log motifs, forming 'blocky' or upward-fining sequences, and 
were deposited in shoestring and sheet-like geometries. The distributary 

channel sand bodies have the best reservoir potential. These sands show 
variable thickness and internal structures but can form stacked multistory 
channel bodies over 30m thick. Grain size is highly variable, ranging from fine- 

grained to microconglomeratic (Cowan, 1989). The channels formed sandy 
channel belts, mostly up to 5km wide, as they crossed the delta plain (Fielding, 
1986). These major distributaries may have exhibited patterns of regular 
switching (Fielding, 1986) or may have occupied a particulär belt over a 
relatively long period (Guion, 1978). Between these channel belts lay enclosed 
freshwater lakes up to about 10m deep with wave fetches of the order of 20km 
(estimated from palaeogeographical reconstructions and wave-ripple 
parameters (Guion, 1978; Fielding, 1982,1984b)) and peat forming mires. The 
lakes were infilled by a combination of crevasse-splay/minor delta deposition 

and overbank processes enabling repeated episodes of peat mire formation. 
The coal seams represent such mire deposits. Coals are more abundant, thicker 

and more laterally continuous in the upper delta plain than in lower delta plain 
environment, reflecting the more frequent, long-term and more extensive 
development of mire conditions. They accumulated relatively slowly on infilled 

and abandoned lakes/bays and channels. Conversely, some of the interseam 
facies underwent relatively rapid deposition. Channels were subject to 
fluctuating hydrological regimes, possibly seasonally controlled. 

Tectonic influence on sedimentation is considered to have been generally subtle 
although some major faults appear to have been active. Sedimentation was 
controlled by major delta progradation and switching on a larger scale, tectonic 
and compactionally induced subsidence on a medium scale, and local 
sedimentary processes on the small scale (Fielding, 1984b). Controls on 
sedimentation include both allocyclic mechanisms (eustasy and tectonics), as 
well as autocyclic mechanisms (delta switching at a variety of scales, and 
compaction) (Guion & Fielding, 1988). 

Wherever the Westphalian 'grey measures' lie close to the sub Permian 

unconformity they are stained, predominantly red or purple, and to a lesser 
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extent brown and yellow (Besley et al., 1993). This staining which affects 
measures at any horizon decreases in intensity downwards, generally 
disappearing entirely in non-arenaceus measures within 20 metres of the 

unconformity. It results from deep oxidative weathering in the final stages of 
subaerial exposure before Permian sediments were deposited (Anderson & 
Dunham, 1953). Such weathering has been described from onshore UK by 
Mykura (1960) where it may affect up to 500m of the sub-Permian succession. 
Deep penetrative weathering is influenced by the nature of the Permian 

groundwater table and may develop to considerable depths along permeable 
fault planes and sandstones which acted as Permian aquifers (Mykura, 1960; 
Besley et al., 1993). 

1.3.8. Bolsovian/Westphalian D stratigraphy. 

Several hundred metres of primary red beds are well developed in the 
Westphalian of the Silver Pit Basin and adjacent areas of the Dutch Sector and 
South Hewett Shelf (Tubb et al., 1986; Besley et al., 1993). By analogy with the 
informal nomenclature used onshore these off-shore primary red beds are 
informally termed the Barren Red Measures or Barren Red Group. Their age is 

problematical due to a lack of biostratigraphic data (Besley, 1990; Besley et al., 
1993) although palynological data from several wells in the Silver Pit area (e. g. 
McLean, 1991a, 1993; Turner, 1990b; Besley et al., 1993) indicates a latest 

Duckmantian to Westphalian D age for at least some of these sediments. In the 
South Hewett Shelf area they overlie Bolsovian coal-bearing sequences and are 
correlated with the onshore Westphalian D Keele Formation (Tubb et al., 1986). 
Undoubtedly the boundary between red bed and coal measures facies is 
diachronous as seen in the English Midlands onshore (Besley, 1988). The 

relationship between the two fades is further complicated by the development 

of contemporaneous growth folds such that the red beds onlap onto the partly 
eroded flanks of major anticlinal structures, while conformable sequences occur 
in the adjacent synclines (Leeder & Hardman, 1990). 

Reddening of the Barren Red Measures may be either syndepositional or of 
later, deeply penetrative origin beneath the pre-Permian unconformity. 
Differentiation of the different origins of reddening is possible (Besley et al., 
1993; Collinson et al., 1993). The Barren Red Measures facies are characterised 
by red floodplain siltsones and mudstones with mature, fining-upwards 

channel sandstones and overbank sheet sandstones. The most distinctive 
feature of the facies is the development of abundant ferralitic and calcrete 



18 

palaeosols which are comparable to those from onshore UK (Besley, 1987, 
1988). Unlike the underlying Langsettian-Bolsovian Coal Measures fades coals 
and high gamma mudstones of marine origin are mostly absent. The Barren 
Red Measures fades represents the diachronous spread of well drained 

alluvium sourced from a drainage system that developed upon syn- 
depositional growth folds such as the Murdoch Anticline (Leeder & Hardman, 
1990). Besley et al. (1993) recognise two lithostratigraphic divisions of the 
Barren Red Measures: a syn-depositionally reddened Bolsovian sequence with 
lithologies much like the underlying Coal Measures fades, and which passes 
laterally south- and eastwards into grey Coal Measures facies; and a syn- 
depositionally reddened Westphalian D sequence, entirely fluvial in origin and 
characterised by the presence of caliche palaeosols. 

1.3.9. Structure. 

The main tectonic structural elements within the UK sector of the Southern 

North Sea are shown in Figure 8. These elements are inferred from gravity data 

and, to a lesser extent, seismic data (Collinson et al., 1993). The main structural 

elements south of the Mid North Sea High are eastward extensions of onshore 
basins (Cleveland Basin and Humber Basin), the Silver Pit and Sole Pit Basins 

and several granitoid-cored blocks (Silver Well Block, Amethyst Block, 

eastward extension of the Market-Weighton Block) (Donato & Megson, 1990; 

Collinson et al., 1993). 

Leeder & Hardman (1990) recognise three structural domains in the S. N. S. C. B. 

based upon seismic mapping (Figure 9). Domain 1 comprises a belt of 
Northwest-Southeast trending en echelon non-cylindrical, symmetrical buckle 

folds (such as the Murdoch anticline). Some of the folds are associated with 
thrust faults. Three generations of folds are recognised: growth folds of 
Bolsovian/ Westphalian D age; pre-Permian folds reactivated during Mesozoic 

inversion; and post-Carboniferous, largely Cretaceous, folds with no pre- 
Permian truncation. Swarms of Northwest-Southeast trending faults cut the 
Carboniferous surface. They possibly reflect the upward splaying of deep- 

seated crustal fractures (Glennie, 1986,1990). Many of the faults have been 

reactivated during later periods of Mesozoic and Cenozoic crustal stress. 

Domain 2 is a ramp-like feature with steady southward thinning and 
progressive onlap of the Dinantian, Namurian and Westphalian sequences onto 
the Anglo-Brabant Massif. Intra-Carboniferous structures and pre-Permian 
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folds are impossible to recognise within this domain because of a dense 
network of Mesozoic normal faults (Leeder & Hardman, 1990). 

Domain 3 is characterised by largely homoclinal strata separated by large 
normal faults of broadly East-West orientation which probably define intra- 
Dinantian tilt blocks. The domain represents the eastward extension of the 
northern England tilt block province. The domain occupies the southern flanks 
of the Mid North Sea High which represented an extension of the Southern 
Uplands Block during the Carboniferous. Dinantian sequences thin gradually 
onto the core of the High and it is assumed that during the Silesian the whole 
High was covered with a relatively thin onlapping Silesian sequence which was 
subsequently removed by erosion during the pre-Permian inversion event 
(Leeder & Hardman, 1990). 

1.4. CORRELATION OF WESTPHALIAN SEQUENCES. 

Several methods of correlating Westphalian sequences have been employed in 
the study of the on- and off-shore basins. Many of these, however, have severe 
limitations when dealing with off-shore basins from which the only available 
data is provided by boreholes and/or geophysical techniques. The principal 
difficulty lies in the fact that rock samples are usually recovered from wells in 
the form of fragmentary ditch cuttings in which the preservation potential for 

most macrofossil groups is negligible or nil. Even core and sidewall core 
recovery from boreholes present a low probability of macrofossil recovery. The 

onus on borehole biostratigraphy therefore lies with the microfossil groups, but 
in the S. N. S. C. B. the utility of many of these is limited by facies and 
paleaoenvironments of deposition, such that palynology is usually the only 
biostratigraphic tool available. 

A comparison of the classification schemes derived from each of these methods 
for the Carboniferous of the S. N. S. C. B. and adjacent areas is shown in Figure 10 

1.4.1. Marine Faunas. 

Precise local, regional and intercontinental correlation of the laterally 
impersistent lithofacies characteristic of the northwest European Silesian is 
made possible by the presence of repeated occurrences of marine mudrocks 
with rapidly evolving and diagnostic goniatite faunas. Individual marine 
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horizons are of wide geographical extent and short duration, representing 
virtual time planes (Ramsbottom, 1969b; Ramsbottom, et al., 1978). Some 60 or 
so, of these horizons occur in the Silesian, giving an accuracy of correlation 
comparable to that achieved using Mesozoic ammonoids (Ramsbottom, 1969b). 

Silesian stage boundaries are taken at exceptionally widespread marine bands 
(see above). Calver (1968,1969) reviewed the use of marine bands in correlation 
and their lateral facies changes and geographical distribution. In some cases the 
horizon of a marine band may be determined by its fauna, but in others the 
significance of the band lies more in its existence as a marker band than in the 
actual fauna it contains. The principal marine horizons are characterised by 
diagnostic species of goniatites or by especially rich and characteristic faunas. 

Goniatites possess many of the characteristics considered desirable in fossils 

used for biostratigraphic zonation. During the Carboniferous they evolved 
rapidly and underwent successive morphological radiations. Their nektonic 
mode of life and potential for post-mortem distribution resulted in individual 

species and, more particularly, in genera being geographically widespread. The 

main disadvantage of the goniatites is that they may be strongly fades-bound, 

occurring abundantly in basinal mudstones and reefs, but rarely elsewhere. 
(Ramsbottom & Saunders, 1985). 

The value and reliability of goniatites in Carboniferous stratigraphy is such that 
they have been used to set up a virtual 'orthochronology' against which 
zonations based on other groups of fossils have been compared. (Ramsbottom 
& Saunders, 1985) (Figure 10). Linking the goniatite-based biostratigraphic 
units of the upper Carboniferous with cyclothems, probably of glacio-eustatic 
origin, provides a chronostratigraphic framework for most of the major units in 
all but the uppermost Carboniferous. It is probable that the rapid evolution of 
the ammonoids was connected with the rapid eustatic changes in sea level, for 
new faunas appeared with the transgressions and extinctions frequently 
coincided with regressions (Ramsbottom, 1977,1979). Northwest European 
cyclothems usually have their own diagnostic goniatite species, a fortuitous 
circumstance that allows the sophisticated integration of stratigraphy and 
palaeontology described above (Ramsbottom & Saunders, 1985). 

Though useful as fades indicators, marine faunas other than goniatites 
(brachiopods, bivalves, gastropods, crinoids, fish (Ramsbottom, 1974)) do not 
usually possess a notable stratigraphic value (Paproth et al., 1983). However, in 
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1.4.4. Plant macrofossils. 

Silesian Plant macrofossils have frequently been used for stratigraphical 
purposes and long distance correlations (Dix, 1934; Crookall, 1955). However, 

while plants give a good indication of broad stratigraphic divisions, the ranges 
of individual species are usually too long to provide the finer resolution 
provided by non-marine bivalves (Ramsbottom et al., 1978). The most 
significant recent development in Silesian plant biostratigraphy has been the 

publication of the European classification of Wagner (1984) (see Figure 10). 
General accounts of the most important publications on this subject, and 
reviews of problems and biases associated with macrofloral biozonation in the 
Silesian are presented by Stockmans (1962) and Cleal (1991).. 

1.4.5. Conodonts. 

Silesian conodonts are poorly known from Europe. Their stratigraphic 
distribution is probably best known from Britain, particularly from the 
Namurian Series (Higgins, 1985). A conodont biozonation for the Namurian 

and earliest Westphalian, based on assemblages principally from the Craven 
Basin, is applicable to much of western Europe (Higgins, 1975,1985). Little is 
known of later Westphalian and Stephanian conodont faunas from Europe, and 
no biozonation exists for these series. 

1.4.6. Foraminifera. 

The foraminiferal assemblages of the Western European Silesian are 
incompletely known (Paproth et al., 1983). However, the Marine Bands of the 
Westphalian have yielded large numbers of benthonic agglutinated 
foraminifera (Pastiels, 1956). Usually, the faunas are monotonous and 
characterised by only a few taxa and are of little biostratigraphic utility. 

1.4.7. Palynology. 

Northwest European Westphalian palynostratigraphy is concerned primarily 
with the study and application of terrestrial palynomorphs (miospores and 
prepollen). Among the most significant characteristics of such fossils are their 
abundance, their relative resistance to destruction, and the extraordinary scope 
for their dispersal, especially by water. Assemblages of dispersed miospores 
may be preserved in both terrestrial and marine sediments. Except in 
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autochthonous coals, each assemblage as a whole tends to reflect the combined 
vegetation of various parts of the drainage basin, whereas individual 

components of the assemblage may vary both quantitatively and qualitatively 
according to sedimentary factors and local concentrations of the parent 
vegetation onshore. Assemblages are commonly composed of thirty or more 
stratigraphically useful species, and many thousands of specimens may be 

present in a few grams of rock (Richardson & McGregor, 1986). For these 
reasons palynology has been able to provide a sophisticated tool in the 
biostratigraphic analysis of well sections in the S. N. S. C. B. 

The economic applicability of palynostratigraphy to the coal and hydrocarbon 

reserves of the Westphalian has resulted in the development of numerous 
schemes for its zonal subdivision. Of the published palynological divisions 

which have been introduced for the Westphalian, that of Smith & Butterworth 
(1967), which superseded several earlier zonations of Butterworth & Millott 
(1954,1960), has been most extensively applied. They synthesized data on 
miospores exclusively from coal seams from the British coal fields and 
produced a scheme of 11 concurrent range zones. Loboziak et al. (1976) and 
Coquel et al. (1976) synthesized data from coal basins of western Europe to and 
proposed more widely applicable zonations for the Westphalian and 
Stephanian. Data from basins throughout the whole of the Carboniferous of 
northwestern Europe was synthesized by Clayton et al. (1977) to produce a 
palynostratigraphic classification applicable in a regional context. Owens et al. 
(1978) attempted to establish correlations beyond the bounds of the work of 
Clayton et al. (1977) by correlating the zonal schemes of Loboziak et al. (1976), 
Smith & Butterworth (1976), and those developed for Carboniferous sequences 
in the Donetz Basin by Teteriuk (1976). 

Given the amount of hydrocarbon exploration and development activity in the 
S. N. S. C. B. over the last ten years it is not surprising that many 'in-house' 
Carboniferous palynostratigraphic classification schemes have been developed 
by both hydrocarbon exploration companies (e. g. BP, Shell) and 
biostratigraphic service companies (e. g Simon Petroleum International). Such 

schemes usually involve the integration of data from off-shore well sections 
within a regional framework developed from published data and onshore 
sections (Kim Watson, pers comm. July 1990). For reasons of confidentiality and 
competitive advantage such schemes remain outside of the public domain and 
have not been available for study in this work. 
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1.4.8. Lithological correlation. 

For short distance correlation lithological comparisons remain important. This 
is so for coal seams, seat earths and sandstones and also for other distinctive 
lithologies such as tuffs and fragmental clay rocks (Richardson & Francis, 1970) 

and kaolinitic claystones and/or tonsteins (e. g. Williamson, 1961; Eden et al., 
1963; Spears & Kanaris-Sitiriou, 1979). Coal seams are usually used as a basis 
for correlation within onshore coalfields, as they often contain distinctive 
durain bands, possess a characteristic chemical signature (e. g. high sulphur 
contents), or are associated with easily recognisable marker bands such as 
'Estheria' horizons (Elliott, 1968; Jones, 1980). It is significant, however, that not 
all coal seams correlated over large distances represent synchronous peat- 
forming events (Fulton & Williams, 1988). With the correlation of non-coal 
lithologies, however, lateral fades variations and the repetitive stacking of 
these fades in the delta plain and alluvial plain settings of the Westphalian of 
the S. N. S. C. B. make lithostratigraphic correlation very difficult (Hollywood & 
Whorlow, 1993). 

1.4.9. Geophysical log correlation. 

Lithological or macropalaeontological analyses of subsurface sections is limited 

when only rock cuttings are recovered from the borehole. Cored sections are 
expensive and usually represent only a small part of the stratigraphic section. 
Wireline geophysical logging is used to measure various radioactive, electrical 
and physical properties of subsurface sections. The electrical traces produced 
by wireline logging can be used in stratigraphic correlation (Whittaker et al., 
1985; Hurst et al., 1990). 

Of particular importance in the log correlation of Silesian sequences is the 

spectral gamma logging tool. This measures the natural gamma radiation of 
borehole sequences and allows marine horizons, enriched in authigenic 
Uranium (Leeder et al., 1990), and so producing a distinctive 'spike' on gamma- 
ray logs, to be recognised. Such recognition is fraught with difficulties (see 
Archard & Trice, 1990; Leeder, et al., 1990; Maynard et al., 1991). Furthermore, 

recognised marine horizons can only be identified with recourse to a 
biostratigraphic framework. Whittaker et al. (1985) emphasise that great caution 
should be exercised in making gamma ray log correlations without 
palaeontological control. 



27 

1.4.10. Geochemical correlation. 

Geochemical logging and correlation of sedimentary sequences is currently in 

vogue with, for example, individual chemical element concentrations, clay 
matrix geochemistry (Herron & Herron, 1990) and sterane isomerisation data 
(Pantano & Lerche, 1989) being applied to the recognition of vertical 
sedimentological sequences and well-to-well correlations. Leeder et al. (1990) 
have shown that marine bands can be detected geochemically by organic 
Carbon/Sulphur analysis of well material. However, as with geophysical 
detection of marine bands, individual horizons can only be identified with 
recourse to a biostratigraphic framework. Furthermore, as with lithological 

correlation, the lateral facies variations and the repetitive stacking of these 
fades in the delta plain and alluvial plain settings of the Westphalian of the 
S. N. S. C. B. make geochemical correlation very difficult (Hollywood & Whorlow, 
1993). 

1.4.11. Seismic stratigraphy and seismic sequence stratigraphy 

'In house' seismostratigraphic classifications for the S. N. S. C. B. have been 
developed by many hydrocarbon exploration companies and ancillary service 
companies but these exist outside of the public domain (David Oliver, pers. 
comm., November 1992). Ebdon et al. (1990), Fraser et al. (1990) and Fraser & 
Gawthorpe (1990) have published seismostratigraphic classifications for the 
Carboniferous of northern England which are probably, on a coarse scale, 
applicable to the S. N. S. C. B. 

The author feels that any application of sequence stratigraphic concepts to the 
interpretation of the Westphalian of the S. N. S. C. B. should be treated with 
extreme caution for the following reasons: 

1. Sequence stratigraphic models have been developed for a particular (i. e. 
passive continental margin) tectonic setting. Whether the principles can be 

applied to basins in other tectonic settings, such as the intra-cratonic Central 
Pennine Basin and S. N. S. C. B., remains to be demonstrated (Collinson et al., 
1992). 

2. There is undoubtedly a component of eustatic control on the stratigraphy of 
the Carboniferous of onshore and off-shore UK (e. g. Ramsbottom, 1977,1979; 
Leeder & Hardman, 1990). However, there is also a significant influence 
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exerted by tectonic controls which are responsible for producing depositional 
hiatuses (Hudson & Turner, 1930; Rayner, 1953; Besley, 1988). In the S. N. S. C. B. 
this is especially true after the mid Duckmantian initiation of the phase of basin 
inversion (Leeder & Hardman, 1990). Basin development in the S. N. S. C. B. is 

related to the tectonic evolution of the Variscan orogen (see above). As such, 
interpretation of Carboniferous sequences in the S. N. S. C. B. ought to consider 
the variety of syndepositional tectonic controls which operated and must be 

able to distinguish between eustatically and tectonically driven sedimentary 
sequences. 

3. Sequence boundaries identified by one worker do not always coincide with 
those identified by another worker, implying a degree of subjectivity in the 

recognition of seismic sequences. This is exemplified by the fact that sequence 
boundaries identified in the works of Ebdon et al. (1990) and Fraser & 
Gawthorpe (1990) for the same sections in northern England do not always 
coincide. Furthermore,. the identification of sequence boundaries is often 
contrary to the field evidence. For example, the sequence boundaries of Ebdon 

et al. (1990) do not always coincide with the field evidence provided by 
Ramsbottom (1973,1977). Similarly, the resolution of seismic stratigraphy is a 
lot coarser than that provided by biostratigraphy, and true sequence 
boundaries may be overlooked in the interpretation of seismic data. As noted 
by Riley (1993), the horizon of the Isohomoceras subglobosum Marine Band is a 
well constrained unconformable boundary recognised in North Africa, Eurasia 

and the U. S. A. yet it has not been recognised in the seismic sequence 
stratigraphies of Ebdon et al. (1990) or Fraser & Gawthorpe (1990). 
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2. PALYNOSTRATIGRAPHIC CLASSIFICATION. 

A biostratigraphic classification should ideally be referable to a standard 
section which has established lithostratigraphic and chronostratigraphic units. 
Satisfactory correlations may be effected without reference to such a section but 

this precludes any precise chronostratigraphic correlation. As far as the 
S. N. S. C. B. is concerned the most effective location for a standard section is 
dearly onshore, where detailed palaeontological and chronostratigraphic data 

exist. As mentioned above, there is a well-founded assumption that the geology 
of the S. N. S. C. B. is closely comparable to that of the neighbouring onshore 
basins. This assumption has been carried into the application of onshore 
biostratigraphic schemes to the sediments of the S. N. S. C. B. (see below). The 
Westphalian rocks of the British Isles have a refined biostratigraphy established 
from the study of ammonoid faunas and provide the most suitable reference 
section for micropalaeontological research. Furthermore, the palynology of the 

onshore Westphalian sections is well documented and published 
palynostratigraphic classifications, related to the ammonoid-based 
Chronozones, exist (Figures 10,12-14). Therefore, existing onshore 
palynostratigraphic data from the Carboniferous of Britain and Northwest 
Europe (i. e. Smith & Butterworth, 1967; Clayton et al., 1977) have been used to 

provide a framework for this classification of the southern North Sea 

Westphalian. In this way the classification should be relatable, via the onshore 
palynostratigraphy, to the onshore stratotypes and the established 
chronostratigraphy. 

2.1. DATABASE. 

Large amounts of palynological work have been carried out in the S. N. S. C. B. 
Much of this work from the off-shore has been carried out by hydrocarbon 

exploration and service companies and remains outside of the public domain 

and so unavailable for inclusion in this study. Nevertheless, significant sections 
in the Westphalian of the S. N. S. C. B. have been drilled by Conoco (UK) Ltd and 
analysed by the University of Sheffield Industrial Palynology Unit. Interpretive 

results, range charts, working data sheets and original slide material from all of 
these sections have been made available for use in this study where required. 
Of these well sections, those that have considerable core and sidewall core 
coverage and which provided well-preserved palynological assemblages have 
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been selected to constitute a database. A list of these wells and reference to the 

original biostratigraphic reports is given in Table 1. Six multi-well studies have 

also been included in the database. In each case an informal, local-scale (i. e. 
Block-scale) palynostratigraphic classification has been developed for the 
particular stratigraphic interval involved. The composite ranges of taxa 
identified in these studies has provided an important source of biostratigraphic 
data. The geographic distribution of the wells is shown in Figure 11 which 
indicates that the majority of the wells are located close to the S. N. S. C. B. 
depocentre (Figure 6). The stratigraphic interval encountered in each well is 

shown in Figure 12. 

2.2. METHODS. 

The original biostratigraphic analyses of the well sections (see Table 1 for 

references) interpret the palynology of the sections in terms of the classification 
schemes of Clayton et al. (1977) and Smith & Butterworth (1967) and relate 
these to the chronostratigraphy. Therefore, these schemes have been used as a 
framework against which the qualitative and quantitative stratigraphic 
distributions of individual miospore taxa have been plotted. It is recognised 
that this will produce a situation in which the stratigraphic distribution of 
several taxa (i. e. those which are used to define the onshore biozonal 
boundaries) appear identical to those onshore, but this is considered inevitable. 
As Ager (1993) states: "In stratigraphy we measure one ruler with another. " 

Of the several hundred miospore taxa recorded from the S. N. S. C. B. 
Westphalian, it has been necessary to select a relatively small number which 
may be used to define the biozones within the palynostratigraphic 
classification. Each taxon selected has the following attributes. 

1. Easily recognisable and distinguishable morphography, 

2. Common occurrence within its stratigraphic range, 

3. Coeval range top or range base in more than one well section and/or a well 
documented biostratigraphic range which is proven to be consistent in adjacent 
onshore areas. 
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Figure 11. Location of database well sections. 
11 wells in Block 44/22 not numbered. 
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WELL 
NUMBER 

ORIGINAL BIOSTRATIGRAPHIC 
REPORT 

43/15b-3a McLean, (1992)b. 
44/17-1 Neves, (1990). 
44/17-2 Neves & Downie (1992). 
44/21-3 Turner (1990)a. 
44/21* Turner (1990)b. 

44/21a-6 Turner (1990)d. 
44/21a-7 Turner (1991)a. 
44/21a-9 McLean & Neves (1993)b. 
44/22-1 Neves (1985)b. 
44/22-3 Neves (1985)a. 
44/22-4 Neves (1987)a. 
44 / 22-5 Neves (1988)a. ' 
44/22-6z Neves (1988)b. 
44/22-7 Neves (1988)c. 

44/21a-dl McLean (1992)a. 
44/22a-d2z McLean (1992)c. 
44/22a-d3 McLean (1992)d. 
44/22a-d4 McLean (1992)f. 
44/22a-d5 McLean (1993). 

44/22* McLean & Turner (1990)a. 
44/23-8 Neves & Turner (1989)a. 
44/23-9 Neves & Turner (1989)b. 
44/23* McLean & Turner (1990)b. 
44/27-1 Turner (1990)c. 
44/28* McLean & Neves (1992)a. 
47/13-2 Neves (1973). 
47/13a-3 Neves & Quincey (1986). 
48/4-1 McLean & Neves (1992)b. 
48/ 8a-1 Neves & McLean (1989). 
48/10b* McLean (1991)a. 
48/ llb* McLean & Neves (1993)a. 
48/ 15a-6 Neves et al. (1989). 
48/15a-7 McLean (1992)e. 
48/25b-5 Turner (1989). 

Table 1. List of database wells and references to 
original biostratigraphic reports. Asterisked 
numbrers refer to multi-well correlation studies. 
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The first of these points is critical, and determines whether or not a taxon may 
be consistently recognised. Many Carboniferous miospore species exhibit 
extensive inter-generic and inter-specific variation (e. g. Sullivan, 1958; Somers, 
1972, pl. 7; Clayton et a1,1977, p. 12), and so present problems in consistency of 
identification. This is particularly true for taxa of the infraturma APICULATI 
(Bennie & Kidston) Potoni6 1956 (e. g. species of Apiculatasporites Ibrahim 

emend. Ravn 1986). A further consideration concerning consistency of 
identification of Carboniferous palynomorph taxa is that many species are 
distinguished on the basis of overall size difference alone. Mishell (1966) and 
Smith & Butterworth (1967), amongst others, demonstrated or recognised that 

preparation techniques may differentially and selectively alter the sizes of 
various palynomorph types. In view of this, species which are differentiated on 
the basis of size alone have not been chosen as key taxa. 

The consistent recognition of taxa in the original biostratigraphic reports of the 

well sections has be taken at face value as the experience and academic 
credentials of the workers involved indicates that their results can be treated 

with a high degree of confidence. Generally it has not been practical to re- 
examine much of the original slide material. A principal exception to this has 
been in the examination of taxa identified by the informal notation "cf. ", in 

which case marked specimens have been examined in order to clarify the 

nature of the comparative taxa and to standardise their recognition. 

75 key taxa are recognised. Their stratigraphic distributions in the database 

well sections is illustrated in Figure 13. The composite range of each taxon is 

shown in Figure 14 and plotted against the biozones recognised in the 

classification for the S. N. S. C. B. Westphalian. 

2.3. BIOZONE TYPES. 

The 75 key taxa appear to be stratigraphically restricted over the S. N. S. C. B. 
Significant changes are apparent in the composition of palynological 
assemblages at certain horizons. These changes may be related to the inception 

and extinction of taxa, and also to the relative abundances of particular taxa. 
Stratigraphic range bases (evolutionary inceptions), stratigraphic range tops 
(evolutionary extinctions), and the bases and tops of species epiboles are used 
to define the boundaries of the biozones and sub-biozones. The biozones and 
sub-biozones are made up of total range biozones, partial range biozones, 
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partial acme biozones and concurrent range biozones. Being based on such a 
melange of biostratigraphic data, the precise nature of these zones is difficult to 
define. The nature of the qualitative and quantitative stratigraphic distribution 
of palynomorphs is more often than not such as to defy the application of 
simplistic biostratigraphic concepts of classification. Indeed, a striking feature 
of several of the published palynostratigraphic classifications of Carboniferous 
sequences (as well as those for other parts of the geological column), is the 
failure of workers (e. g. Clayton et al., 1977) to define the types of zones that 
they employ. On the other hand, many workers apply assemblage biozones 
with their inherent difficulties of definition (e. g. see Whittaker et al., 1991). With 
the exception of coal seam palynology (see Smith & Butterworth, 1967; Peppers, 
1979) in which miospore assemblages by-and-large represent the parent 
vegetation from the coal-forming mire ecosystem, most Carboniferous 
palynological assemblages (i. e. from clastic sequences) do not represent a single 
ecosystem. As mentioned above, clastic palynological assemblages provide a 
representation of the plant ecosystems on a drainage basin-wide scale and so 
do not present fossil data amenable to use in assemblage biozones as defined 
by the International Stratigraphic Guide (Hedberg, 1976). Perhaps the biozonal 
concept most obviously applicable to Carboniferous palynostratigraphy is the 
concurrent range biozone (e. g. see Neves et al., 1973). However, given the 
obvious changes in abundance and diversity of Carboniferous palynofloras at 
particular stratigraphic levels, it has proved a great temptation to many authors 
to embellish such units with species abundance data, thus transcending the 
limits of their rigid definition. Thus, for example the concurrent range biozones 
of Neves et al. (1973) became "concurrent miospore assemblage zones", and 
later "concurrent miospore assemblage range zones" in the eyes of Clayton et al. 
(1977). Clearly something else is meant here, but its definition has proved 
elusive. 

In the palynostratigraphic classification outlined below the biozones and sub- 
biozones are best described as concurrent range biozones sensu lato, in that they 
allow for species abundance data as well as total and partial stratigraphic 
ranges of palynomorphs. As such, they correspond to the common European 

usage of that vague concept, the Oppelzone (Hancock, 1977). 
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2.4. BIOZONE NOMENCLATURE. 

The Biozones and sub-Biozones are named with a lettering and numbering 
system rather than with the names of fossils. Although this is contrary to 

standard stratigraphic procedure (Hedberg, 1976) it is applied in order to 

simplify the classification and to facilitate its interpretation by the non- 
palaeontologist. 

The Biozones are contiguous and are described in ascending sequence. 
Biozones defined for the Westphalian are named Wl to W7. Sub-biozones are 
identified by a suffix (a, b, c, etc. ), also in ascending sequence. An ascending 
sequential numbering of the biozones is sensible in that the biozones may be 

expected to reflect the evolutionary development of the palynoflora. 

2.5. DESCRIPTION OF THE BIOZONES. 

As the biozones are contiguous, and in keeping with stratigraphic procedure, 
they are defined by their bases: bases of overlying units defining the tops of 
underlying units. 

Ideally, the definition of a biozone should be accompanied by the selection and 
description of a representative type section, as has been demonstrated by 
Richardson & McGregor (1986) for a palynostratigraphic classification of the 
Silurian and Devonian. In this study, however, the confidential nature of 
unreleased lithostratigraphic well data precludes this practice. 

Criteria used to define the biozones is summarised in Figure 15. 
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Chrono- Sub- Stratigraphic Stratigraphic 
stratigraphy 
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Figure 15. Summary of criteria used to define biozone boundaries. 
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2.5.1. Biozone W1. 

Age: 
Early Langsettian. 

Definition of Biozone Base: 
Range tops of Alatisporites nudus, Microreticulatisporites concavus, Al. punctatus 
and Vallatisporites spp. 

Range bases of Dictyotriletes probireticulatus, Radiizonates cf. striatus, 
Reticulitriletesfalsus and Apiculatasporites spinososaetosus. 

2.5.2. Sub-Biozone W1a. 

Age: 
Early Langsettian. 

Definition of Sub-Biozone Base: 
Range tops of Alatisporites nudus, Microreticulatisporites concavus, Al. punctatus 
and Vallatisporites spp. 

Range bases of Dictyotriletes probireticulatus, Radiizonates cf. striatus, 
Reticulitriletes falsus and Apiculatasporites spinososaetosus. 

Remarks: 

The range bases of Cingulizonates loricatus and Wilsonites delicatus occur within 
this sub-biozone. 

2.5.3. Sub-Biozone Wib. 

Age: 
Early Langsettian. 

Definition of Sub-Biozone Base: 
Range top of Cingulizonates bialatus. 

Range base of Paleospora fragila. 
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2.5.4. Biozone W2. 

Age: 
Late to middle Langsettian. 

Definition of Biozone Base: 
Range top of Spelaeotriletes arenaceus. 

Range bases of Endosporites zonalis, Fabasporites pallidus, Florinites junior, 
Radiizonates difformis, Vestispora costata and V. tortuosa. 

Base of common Alatisporites pustulatus. 

2.5.5. Sub-Biozone W2a. 

Age: 
Middle Langsettian. 

Definition of Sub-Biozone Base: 
Range top of Spelaeotriletes arenaceus. 

Range bases of Endosporites zonalis, Fabasporites pallidus, Florinites junior, 
Radiizonates difformis, Vestispora costata and V. tortuosa. 

Base of common Alatisporites pustulatus. 

Remarks: 
The range base of Vestispora pseudoreticulata and the base of the epibole of 
Radiizonates aligerens occur within this sub-biozone. 
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2.5.6. Sub-Biozone W2b. 

Age: 
Late Langsettian. 

Definition of Sub-Biozone Base: 
Range tops of Dictyotriletes probireticulatus, Kraeuselisporites ornatus, and 
Triquitrites cf. protensus. 

Range bases of Cyclogranisporites multigranus, Endosporites globiformis, 
Punctatisporites edgarensis and Verrucosisporites donarii. 

2.5.7. Biozone W3. 

Age: 
Late Langsettian. 

Definition of Biozone Base: 
Range top of Radiizonates aligerens. 

Range base of Radiizonates tenuis. 

2.5.8. Biozone W4. 

Age: 
Late to early Duckmantian. 

Definition of Biozone Base: 
Range tops of Apiculatasporites variocorneus, Camptotriletes superbus, 
Cordylosporites karadenizensis, Echinatisporis echinatoides, Hymenospora 

murdochensis and Schulzospora rara. 

Range bases of Microreticulatisporites harrisonii and Radiizonatesfaunus. 

Base of epiboles of . Alatisporites hoffineisterii, Endosporites globiforinis and 
Radiizonates tenuis. 
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2.5.9. Sub-Biozone W4a. 

Age: 
Early Duckmantian. 

Definition of Sub-Biozone Base: 
Range tops of Apiculatasporites variocorneus, Camptotriletes superbus, 
Cordylosporites karadenizensis, Echinatisporis echinatoides, Hymenospora 
murdochensis and Schulzospora rara. 

Range bases of Microreticulatisporites harrisonii and Radiizonatesfaunus. 

Base of epiboles of Alatisporites hoffineisterii, Endosporites globiforinis and 
Radiizonates tenuis. 

Remarks: 
The range tops of Auroraspora solisortus and Sinuspores sinüatus occur in the 
middle part of this sub-biozone. 

2.5.10. Sub-Biozone W4b. 

Age: 
Middle Duckmantian. 

Definition of Sub"Biözone Base. 
Range tops of Anafoveosporites avcinii, Densosporites spinosus and Sinuspores cf. 
sinuatus. 

Top of epibole of Ahrensisporites guerickei. 

Range base of Microreticulatisporites nobilis. 
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2.5.11. Sub-Biozone W4c. 

Age: 
Middle Duckmantian. 

Definition of Sub-Biozone Base: 
Range tops of Cirratriradites rarus, Lycospora noctuina and Punctatisporites 

minutus. 

2.5.12. Sub-Biozone W4d. 

Age: 
Late Duckmantian. 

Definition of Sub-Biozone Base: 
Range tops of Cainptotriletes corrugatus, Deltoidospora srnithii, Raistrickia 

inicrohorrida and Savitrisporites concavus. 

Range base of Vestispora cf. magna. 

2.5.13. Biozone W5. 

Age: 
Early Bolsovian to late Duckmantian. 

Definition of Biozone Base: 
Range bases of Vestispora magna and Triquitrites sculptilis. 

2.5.14. Sub-Biozone WSa. - 

Age: 
Latest Duckmantian. 

Definition of Sub-Biozone Base: 
Range bases of Vestispora magna and Triquitrites sculptilis. 
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2.5.15. Sub-Biozone W5b. 

Age: 
Early Bolsovian. 

Definition of Sub-Biozone Base: 
Range tops of Adelisporites multiplicatus, Ahrensisporites guerickei, Cainptotriletes 
bucculentus, Cristatisporites connexus, Dictyomonolites swadei, Granulatisporites 
granoornatus, Lycospora rotunda, Radiizonates cf. striatus and Tantillus triquetrus. 

Base of epibole of Triquitrites sculptilis. 

2.5.16. Biozone W6. 

Age: 
Late to early Bolsovian. 

Definition of Biozone Base: 
Range tops of Grumosisporites papillosus and G. varioreticulatus. 

Top of epibole of Raistrickiafulva. 

Range bases of Torispora securis and Vestispora fenestrata. 

2.5.17. Sub-Biozone W6a. 

Age: 
Middle and early Bolsovian. 

Definition of Sub-Biozone Base: 
Range tops of Grumosisporites papillosus and G. varioreticulatus. 

Top of epibole of Raistrickia fulva. 

Range bases of Torispora securis and Vestispora fenestrata. 
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Remarks: 
The base of the epibole of Punctatosporites spp. occurs slightly above the base of 
this sub-biozone. 

2.5.18. Sub-Biozone W6b. 

Age: 
Late Bolsovian. 

Definition of Sub-Biozone Base: 
Range top of Alatisporites pustulatus, Apiculatasporites spinososaetosus, 
Reticulatisporites polygonalis, Reticulitriletes mediareticulatus, R. reticulocingulum, 
Savitrisporites nux, Vestispora tortuosa and Wilsonites delicatus. 

Remarks: 
The range tops of Raistrickia fulva and Verrucosisporites microverrucosus occur in 
the middle part of this sub-biozone. 

2.5.19. Biozone W7. 

Age: 
Westphalian D and latest Bolsovian. 

Definition of Biozone Base: 
Range top of Dictyotriletes bireticulatus. 

Range base of Thymospora spp. 

2.6. DISCUSSION. 

To a certain extent the development of a palynostratigraphic classification from 

subsurface sections without independent control becomes an exercise in 
homotaxial stratigraphy (sensu Scott, 1965). This does not necessarily detract 
from the value of the classification in itself, but in order to appreciate the 
implications of the application of it in a larger (extra-basinal) context requires 
integration with a larger-scale stratigraphy (i. e. the chronostratigraphy). 
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Fortunately, the Silesian ammonoid ortho-chronosträtigraphy is able to provide 
this, but only in exceptional circumstances where ammonoids and palynology 
can be directly related (i. e. are recovered from the same rock sample). As 

mentioned earlier, macrofossils are rarely recovered from boreholes. Where 
they are they must be used as an acid test of the homotaxial palynostratigraphic 
model. Only in this way can the palynostratigraphy be calibrated with and 
integrated with the chronostratigraphy. 



PAGE 

NUMBERING 

AS ORIGINAL 



72 

3. CALIBRATION OF THE CLASSIFICATION. 

As the described palynostratigraphic classification is related, via the known 

onshore distribution of palynomorphs, to the Silesian chronostratigraphy, it 

should provide a model which may be used to predict the distribution of 
chronostratigraphic units (i. e. stages) in the S. N. S. C. B. This implies that it 

should be able to predict or define the positions of goniatite-bearing marine 
bands or their lateral equivalents in the S. N. S. C. B. Attempting to use the 

classification as such a predictive model would achieve two things. Firstly it 

would test its accuracy and applicability to new sections within the S. N. S. C. B. 
Secondly, if the model can accurately predict and/or define the position of 
marine band sediments, it would enable direct calibration with the Silesian 

chronostratigraphy. In other -words, identification of biozonal boundaries in 

association with independently identified stage boundary marine bands in an 
off-shore section would provide a direct calibration of the biostratigraphy with 
the chronostratigraphy. This would obviate the need to use the regional 
onshore palynostratigraphy to mediate between the two. 

The prime difficulty in testing and calibrating the classification in this way is 
that marine bands in S. N. S. C. B wells are usually identified by their geophysical 
log signatures and/or their palynology (Leeder et al., 1990). In order to avoid 
circular reasoning it would be necessary to have an independent means of 
identifying marine bands. Ideally, this would be achieved by the recognition of 
a marine macrofauna. However, goniatites or other marine macrofauna are 
rarely, if ever, identified in S. N. S. CB. boreholes as, for practical reasons, there 
is generally a lack of core material from which they may be extracted. 
Furthermore, most cores are taken through reservoir sandstones rather than 
through mudstone sequences. 

The palynological identification of the Langsettian-Duckmantian boundary in 
the area of the Murdoch Gas Field, Block 44/22, lends itself to the testing and 
calibration of the classification. Wells in this field have provided large amounts 
of core material. Furthermore, the identification of the Vanderbeckei Marine 
Band, based on previous geophysical log and palynological analyses is subject 
to debate. 
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3.1. THE MURDOCH GAS FIELD. 

The Murdoch Gas Field is located in Block 22 of Quadrant 44 in the Silver Pit 
area of the southern North Sea. It lies some 160km from the Yorkshire coast and 
some 25km from the UK-Netherlands median line (Figure 16). The Field 

consists of a Carboniferous gas accumulation which was discovered in 1984 
(Gunn et al., 1993). The. accumulation is trapped within a faulted northwest to 

southeast trending anticline which is bounded to the northeast by a major 
reverse fault. The stratigraphy of the Field is typical of the S. N. S. C. B. except 
that the Rotliegende Leman Sandstones are absent as they pass laterally into 

mudstones of the Silver Pit Formation in the area. The reservoir is formed by 
Westphalian fluvio-deltaic sandstones which are sealed by mudstones of 
Duckmantian age and by mudstones of the Rotliegend Group Silver Pit 
Formation (Figure 17), (Green & Slatt, 1992; Bailey et al., 1993; Ritchie & 
Pratsides, 1993). Carboniferous, Westphalian, Coal Measures provide the 

source of the gas (Cornford, 1984; Bailey et al., 1993). 

3.1.1. History of research. 

The Murdoch Carboniferous gas accumulation was first discovered in 1984. 
Palynostratigraphic monitoring of the first 7 wells to penetrate the 
Carboniferous sequences in the Field was carried out at Sheffield University 
Industrial Palynology Unit (Neves, 1985a, b, 1987,1988a, b, c; Turner, 1990). 
These provided a palynostratigraphic breakdown suitable for the requirements 
of the exploration phase of the Field. The palynostratigraphy was interpreted in 

terms of the onshore palynostratigraphic classifications of Smith & Butterworth 
(1967) and Clayton et al. (1977). Subsequently the palynostratigraphy of the 

sequences immediately sub- and supradjacent to the reservoir sandstone was 
refined by McLean & Turner (1990a) for application to the development phase 
of hydrocarbon exploitation. From the point of view of this study the most 
important aspect of this palynological research is that the Vanderbeckei Marine 
Band was identified as lying immediately beneath the Murdoch reservoir 
sandstone. However, palynostratigraphic and palynofacies analyses carried out 
by other consultants, and based on an unpublished, 'in house' zonation, 
identified the Vanderbeckei Marine Band either above the Murdoch reservoir 
sandstone (Whitaker & Easterfield, 1987a b, c) or below it (Buck & Cubitt, 1986; 
Whitaker, et al., 1987). 

There is thus a question regarding the exact stratigraphic position of the 
Vanderbeckei Marine Band in the Murdoch Gas Field. The problem lends itself 
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Figure 16. Location of Murdoch Gas Field in Quadrant 44, Block 22, and 
position of wells 44/22-1,44/22-3 and 44/22-4. 
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Figure 17. Simplified structural cross-section through the Murdoch Gas 
Field. 



75 

to a critical test of the established palynostratigraphic classification, as 
mentioned above. 

3.1.2. Westphalian stratigraphy of the Murdoch Field. 

The lithological characteristics of the , 
Westphalian sections in the Murdoch 

Field are summarised in Figure 18. The Langsettian-Duckmantian succession in 
the Murdoch Field consist of fluvio-deltaic sediments deposited on a poorly- 
drained, low-relief, low-gradient alluvial floodplain cut by channels flowing 

southwards (Bailey et al., 1993). Wells in the Field penetrate a major reservoir 
sandstone unit (here termed the Murdoch Reservoir Sandstone) consisting of a 
stacked series of braided channel sandstones. Strata above the Murdoch 
Reservoir Sandstone comprise a typical Westphalian upper delta plain facies 

association of interbedded channel sandbodies and floodplain deposits, 
including sandstones, siltstones and coals. They are interpreted as 
accumulating from anastomosing systems of low sinuosity channels separated 
by floodplains characterised by lakes, mires (sensu Gore, 1983; Moore, 1987) 

and crevasse splays. A characteristic high-gamma claystone unit lies above the 

reservoir sandstone. This consists of medium grey to grey-black, firm, platey to 

subfissile, micaceous claystones and silty claystones which are moderately 
carbonaceous and contain occasional interbeds of dolomite-indurated fine 

sands. According to Whitaker & Easterfield (1987a, b, c) these high-gamma 

claystones represent the Vanderbeckei Marine Band. 

The Murdoch Reservoir Sandstone consists of stacked, tabular, cross-bedded, 
pebbly sandstones and conglomerates interpreted as the deposits of braided 
fluvial channels (Green & Slatt, 1992). The depositional channels represent 
either a major trunk-river flowing over the delta plain, or an extensive braid- 

plain established by tectonic rejuvenation of the basin. By comparison with 
onshore and modern analogues the braidplain belt is probably over 5km in 

width (Kim Watson, pers. comm. ) and may be over 1 0km (Collinson et al., 1993). 

The sequence of strata beneath the Murdoch Reservoir Sandstone is similar to 
that above, comprising an upper delta plain facies association of interbedded 

channel sandbodies and floodplain deposits, including sandstones, siltstones 
and coals. Immediately beneath the reservoir sandstone lies a high-gamma 

claystone unit. This consists of medium grey to grey-black, firm, blocky, platey 
or subfissile, micaceous, non-calcareous, carbonaceous daystones and silty 
claystones. A thin, indurated, sandy unit occurs within this unit. The high- 

gamma claystone is interpreted by Neves (1985a, b), Buck & Cubitt (1986), and 
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Whitaker et al. (1987) as the equivalent horizon of the Vanderbeckei Marine 
Band. 

3.1.3. Materials and methods. 

Palynological samples were taken from the three Murdoch Field wells 44/22-1, 
44/22-3 and 44/22-4. The location of these wells is shown in Figure 16 and 
simplified lithological sections are presented in Figure 18. Each of these wells 
has core coverage over the reservoir and the over- and underlying high-gamma 
mudstones. Core samples were supplemented, where desirable, with sidewall 
core and ditch cuttings samples. The distribution of sample points is shown in 
Enclosures 1-3. 

Standard palynological preparation techniques were applied to all samples. 
These techniques have been described in detail by a multitude of authors (e. g. 
Norem, 1956; Phipps & Playford, 1984; Rasul, 1985). 

All samples were washed to remove drilling mud prior to treatment. Ditch 

cuttings were sieved between 710µm and 170mm to remove fines and caved 
material (Keating, 1991). 

Siliciclastic samples were macerated in 40% Hydrofluoric Acid and 35% 
Hydrochloric Acid. Any residual mineral material was removed by 

centrifugation of the residue in 72% Zinc Bromide (1.95 sp. Gr. ). Organic 

residues were oxidised in Pyrex sinter-glass Buchner funnels (Neves & Dale, 
1963) using Schulze reagent (e. g. Norem, 1956) for between 20 and 60 minutes 
depending upon the nature of individual residues. Products of oxidation were 
removed using 2% Potassium Hydroxide. 

Coal samples were crushed and sieved at 200pm, treated with 95% fuming 
Nitric Acid (1.5 sp. Gr. ) for 30 minutes, treated with Schulze reagent for 30 

minutes and washed in 2% Potassium Hydroxide (e. g. Smith & Butterworth, 
1967; Kosanke, 1950). 

Prepared organic residues were screened between 10µm and 180µm sieves and 
mounted on glass cover slips (Jeffords & Jones, 1959) using 1% Polyvinyl 
Alcohol as a dispersal agent. Cover slips were mounted on microscope slides 
using Petropoxy 154 resin. 



78 

At least two slides of the palynological assemblage from each sample were 
examined under transmitted light using an Olympus BH-2 binocular 

microscope. An initial count of 200 specimens was made following Barkley 
(1934). The count traverses were made across the central part of each slide to 
minimise bias (Brooks & Thomas, 1967). All other taxa were recorded while 
scanning the remaining area of the slides. 

Partly broken or badly, folded palynomorphs were included in the counts if 
identification was possible. It is recognised, however, that this may introduce 
bias as some taxa (e. g. Lycospora spp. ) are more readily identified, even in a 
severely damaged state, than other taxä. Forms which could not be identified at 
generic level (e. g. many monosaccate specimens) were recorded under separate 
categories in the counts. 

Several claystone samples were processed for conodonts. Samples weighing up 
to 50g. were crushed, disaggregated using Bromine and the residues picked 
over for organic remains. ' -, 

3.1.4 Palynostratigraphy of the well sections. 

The distribution of palynomorphs from the three wells 44/22-1,44/22-2 and 
44/22-4 is shown in Enclosures 1-3. The distributions of species which are 
considered significant in the palynostratigraphic classification are shown in 
Figure 19. 

In all three wells the W2-W3 biozonal boundary can be dearly identified by the 
first occurrence downhole (extinction datum) of Radiizonates aligerens. Similarly 
the W3-W4 biozonal boundarycan be clearly identified in all three wells by the 
first occurrence downhole of Schulzospora rara and Hymenospora murdochensis. 
This indication is supported by the stratigraphic position of the base of the 
common occurrence of Endosporites globiformis and, in wells 44/22-3 and -4, the 
last occurrence downhole of Microreticulatisporites harrisonii. Furthermore, the 
two biozonal, boundaries W2-W3 and W3-W4 occur at consistent horizons 

within the three wells; the W3-W4 boundary being consistently associated with 
the high-gamma mudstone unit beneath the Murdoch Reservoir sandstone, and 
the W2-W3 boundary being associated with a prominent coal seam horizon 200' 
beneath the base of this mudstone unit. 

Identification of the boundary between Sub-biozones W4a and W4b is achieved 
in wells 44/22-3 and 44/22-4 by the recognition of the first occurrence 
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downhole of Densosporites spinosus, Sinus pores cf. sinuatus and Pteroretis primuin, 
and by the last occurrence downhole of Microreticulatisporites nobilis. In both 

wells this boundary is associated with the upper part of the mudstone-siltstone 
unit which overlies the Murdoch Reservoir Sandstone. The identification of this 

sub-biozonal boundary in well 44/22-1 is problematical. The first occurrence 
downhole of D. spinosus and S. cf. sinuatus is some 450' above the top of the 
Murdoch Reservoir Sandstone. However, the last occurrence downhole of M. 

nobilis is seen in the high-gamma mudstones overlying the Murdoch Reservoir 
Sandstone. This biostratigraphic datum is recorded in cored section and so the 

occurrence of M. nobilis is not due to downhole caving of material. In view of 
the considerable amounts of reworking encountered in parts of these sections 
(see Discussion, Chapter 5) it is considered that the common first downhole 

occurrence datum of D. spinosus and S. cf. sinuatus is probably due to the 

presence of reworked specimens, and 
boundary is most likely to be close 

that the position of the W4a-WY4b 
to the horizon of the high-gamma 

mudstones above the Murdoch Reservoir Sandstone. 

The, palynological analysis of the three wells allows the upper and lower 
boundaries of the biozone SV3 to be clearly identified. The most important 
implication of this is that the top of the biozone (1V3-WV4a boundary) can be 

easily recognised, and is seen to coincide in all three wells with the high- 

gamma mudstone immediately beneath the Murdoch Reservoir Sandstone. If 
the palynostratigraphic classification is accurate, this high-gamma mudstone 
should represent the horizon of the Vanderbeckei Marine Band or its-lateral 

equivalent, and the base of this mudstone should therefore represent the 
Langsettian-Duckmantian boundary. 

3.1.5 Macrofaunas. 

Interpretation of the palynostratigraphy in terms of the established 
classification indicates that the horizon of the Vanderbeckei Marine Band lies 
immediately beneath the Murdoch reservoir sandstone. The high-gamma 

mudstones both above and below the reservoir sandstone were examined for 

macrofossils (Neves et al., 1989). This search revealed the presence of a sparse 
but diagnostic macrofauna in the claystones beneath the reservoir sandstones. 
Specimens were identified by Dr. W. H. C. Ramsbottom. Taxa recorded belong 
to the Brachiopoda: Spirifer pennystonensis (Plate 20, figure 4), Spirifer sp., 
Productus sp., Lingula inytilloides (Plate 20, figure 5), Lingula sp. and Levipustula 

sp. (=? L. piscariae). Fragments of crinoid ossicles (Plate 20, figure 6) were also 
recovered but no goniatites were found. The fossils are well preserved and non- 
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abraided. This is taken to indicate that they are recovered from in situ, and have 
not been transported. The stratigraphic distribution of these taxa is shown in 
Table 2. 

This fauna is considered to be representative of the Productoid faunal facies 
(sensu Calver, 1968) of a Marine Band. The presence of Lingula at the base of the 
high-gamma mudstone unit is interpreted as representing the incursion phase 
of a marine transgressive event. The brachiopod and crinoid fauna represents 
the acme of a the transgression with the development of a Productoid fades, 

and the overlying repeated Lingula phase represents the regression of the 
flooding event (Figure 20). This distribution of incursion-acme-regressive phase 
fossils is similar to that described by Calver (1968) from the Marine Bands in 
the Westphalian of the Central Pennine Basin. 

The fauna is taken to indicate the presence of the Vanderbeckei Marine Band, 

although diagnostic goniatites were not recovered. Levipustula piscariae and 
Spirifer pennystonensis are recorded from the Vanderbeckei Marine Band 

onshore (e. g., George, 1928; Francis, 1956; Manson, 1957; Calver, 1968) and S. 

pennystonensis is considered to be stratigraphically restricted to the 
Vanderbeckei Marine Band (Calver, 1968). 

The high gamma claystones above the Murdoch reservoir sandstones were also 
found to contain macrofossils. These have been identified by Dr. R. Neves as an 
assemblage of the bivalve Anthracosia ovum (Plate 20, figure 7). The A. ovum 
acme biozone occupies the earliest Duckmantian (Calver 1956). The occurrence 
of A. ovum is described by Calver (1956) and Eager (1956) as characteristic of the 
upper part of the Modiolaris non-marine bivalve biozone. The genus 
Anthracosia is restricted to non-marine sediments and is indicative of fresh or 
brackish water palaeoenvironments (Eager, 1960; Calver (1968). 

Conodonts have been recorded from the Vanderbeckei Marine Band onshore 
(e. g. Calver, 1968). However, no conodonts were recovered from any of the 
samples processed in this study. This is undoubtedly partly due to the general 
scarcity of conodonts in Langsettian/Duckmantian sediments in northwest 
Europe (Higgins, 1985), and to the small sample size prepared. Analyses of 
Westphalian Marine band sediments for conodonts usually require a large 

sample size (e. g. 3kg. samples processed by Eager et al., (1991); 55g. samples 
prepared by Maynard et al., (1991)). Such volumes of rock were not available 
from the cores in the Murdoch Field wells studied. 
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Macrofaunal 
Wells and sample depths 

species 44/22-1 44/22-3 44/22-4 

Anthracosia ovum 11878' 11730' 

Spirifer pennystonensis 
12031 
12032' 11872' 12252' 

Spirifer sp. 12257' 

? Levipustula piscarae 12031' 

Productus sp. 12031' 

Lingula mytiloides 
12019' 
12045' 11872' 

Crinoid ossicles 12031' 11872' 

Table 2. Distribution of macrofossil species in Murdoch Field wells. 

Generalised Litho- Distribution Palyno- Chrono- Gammga-ray 
stratigraphy macrofossils stratigraphy strat. 

W4b 

A. Otium Bed %jp A. W4 

Afurdoch Wem 
reservoir 
Sandstone 

Vanderbeckei L 
%jo Marine Band 0L %. 

W3 
00 

W2 W2b 

Figure 20. Summary of biostratigra hic interpretations. A. Anthracosia ovum 
fauna, L. Lingula fauna, P. Productoidpfauna 
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3.1.6. Conclusions of test. - 

The presence of a productoid fauna indicative of the Vanderbeckei Marine 
Band at the boundary of the W4a-W3a biozones shows that the 
palynostratigraphic classification can be directly calibrated with the onshore 
chronostratigraphy. These results indicate that the classification can be used as 
a predictive model for palynostratigraphic to chronostratigraphic correlation in 
off-shore well-sections. However, it must be stressed that the coincident 
availability of macrofaunas and palynological data represents a special case. In 
order for the whole of the classification to be calibrated with the 
chronostratigraphy it would be necessary to examine any such co-occurrences 
in considerable detail. Such an exercise, no matter how desirable, is clearly 
beyond the scope of this thesis. 
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4. SYSTEMATIC ACCOUNT. 

4.1. INTRODUCTION. 

4.1.1. Nomenclature 

The use of nomenclature in this account follows the rules and 
recommendations of the International Code of Botanical Nomenclature 
(I. C. B. N. ) (Greuter & McNeill, 1988) and its interpretation by various authors 
(e. g. Fensome et al., 1992; jansonius, 1992). 
Notation for open nomenclature follows the recommendations of Bengtson 
(1988), i. e.: 
aff. reflates a new, undescribed taxon to a named taxon. 
cf. indicates that the identification is provisional. 
? indicates that the taxonomic assignation is uncertain. 
Although Bengtson referred specifically to nomenclature covered by the 
International Code of Zoological Nomenclature, his recommendations in no 
way contradict the rules and recommendations of the I. C. B. N., and an approach 
at stabilising the use of open nomenclature is to be welcomed. 

4.1.2. Supra-generic Classification. 

The supra generic classification used in this account follows Dettmann (1963) as 
modified by Neves & Owens (1966), and incorporates several more recent 
modifications or suggestions for modifications by Hart (1961 MS), Smith & 
Butterworth (1967), Williams (1971 MS), Spode (1974 MS), Razzo (1985 MS). 
The suprageneric hierarchy used is summarised in Figures 21,22 and 23. Taxa 

are arranged alphabetically within suprageneric categories. 

4.1.3. Terminology. 

Descriptive terminology follows the usages of Kremp (1965) and Grebe (1971). 
Terms relating to exine layering follow Neves & Owens (1966). 
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Figure 21. Suprageneric classification of the anteturma SPORITES, turma 
TRILETES (pars. ). See text for authors. 
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Figure 22. Suprageneric classification of the anteturma SPORITES, turmae 
TRILETES (pars. ), MONOLETES, ALETES and HILATES. See text for authors. 
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Figure 23. Suprageneric classification of the anteturma POLLENITES. See 
text for authors. 
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4.1.4. Synonymy. 

For the sake of brevity, only the basionym (and first validly or effectively 
published name, if relevant) and currently applied name are stated unless a 
species has undergone major nomenclatural changes and/or has other 
synonymies which are in common usage in northwest european Carboniferous 

palynology. 

4.1.5. Curation of specimens. 

All described and figured specimens are housed in the collection of the 
Industrial Palynology Unit, University of Sheffield. 

4.2. SYSTEMATIC ACCOUNT. 

4.2.1. Anteturma SPORITES H. Potonie 1893. 
Turma TRILETES Reinsch emend. Dettmann 1963. 

Suprasubturma ACAMERATIMILETES Neves & Owens 1966. 
Subturma AZONOTRILETES Luber emend. Dettmann 1963. 

Infraturma LAEVIGATI Bennie & Kidston emend. Potoni61956. 

Adelisporites Ravn 1979. 

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

Remarks. As suggested by Ravn (1986) these may be aborted or immature 

spores related to some other genera. However, they do show a remarkably 
consistent morphology and appear to be, as Ravn (1986) suggests, useful 
stratigraphically. 

Adelisporites multiplicatus Ravn 1979. 
Plate 1, figures 1,2. 

1979 Adelisporites multiplicatus Ravn, p. 25, pl. 4, figs 2-6. 
Holotype. Ravn (1979, p1.4, fig. 2). 
Diagnosis. See Ravn (1979, p. 25). 

Remarks. Both laevigate and granulate-microgranulate forms have been 
included in this species. 
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Calamospora Schopf et al. 1944. 

Type species. C. hartungiana Schopf in Schopf et al. 1944. 
Diagnosis. See Schopf et al. (1944, p. 49). 

Calamospora breviradiata Kosanke 1950. 
Plate 1, figure 6. 

1950 Calanwspora breviradiata Kosanke, p. 41, pl. 9, fig. 4. 
Holotype. Kosanke (1950, pl. 9, fig. 4). 
Diagnosis. Kosanke (1950, p. 41). 
Remarks. For an extended synonymy see Ravn (1986, p. 58). 

Calamospora hartungiana Schopf in Schopf et al. 1944. 
Plate 1, figure 7. 

1944 Calamospora hartinigiana Schopf in Schopf et al., p. 51-52, text-fig. 1. 
Holotype. Kosanke (1982, p1.2, fig. 2). 

Diagnosis. See Schopf et al. (1944, p. 51). 

Calmospora labiata Butterworth & Mahdi 1982. 
Plate 2, figure 4. 

1982 Calamospora labiata Butterworth & Mahdi, p. 487, pl. 1, figs. 4,5. 
non 1984 Calanwspora labiata Gao in Gao & Wang, p. 395, p1.149, figs. 18,19. 

Holotype. Butterworth & Mahdi (1982, p1.1, fig. 4). 
Diagnosis. See Butterworth & Mahdi (1982, p. 487). 

Calamospora laevigata (Ibrahim) Schopf in Schopf et al. 1944. 
1933 Laevigati-sporites Jaevigatus Ibrahim, p. 17, pl. 6, fig. 46. 
1944 Calamospora laevigata (Ibrahim) Schopf in Schopf et al., p. 52. 

Holotype. Ibrahim (1933, pl. 6, fig. 46). 
Diagnosis. See Potonie & Kremp (1955, p. 48). 

Calainospora cf. laevigata (ibrahim) Schopf in Schopf et al. 1944. 
Plate 1, figure 11. 

Remarks. This name is applied sensu Smith & Butterworth (1967) to forms 
which are smaller than those described by Schopf in Schopf et al. (1944) and 
which have a darkened contact area. 

Calamospopra liquida Kosanke 1950. 
Plate 2, figure 6. 

1950 Calamospora liquida Kosanke, p. 41-42, pl. 9, fig. 1. 
Holotype. Kosanke (1950, pl. 9, fig. 1). 

Diagnosis. See Kosanke (1950, p. 41). 
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Calamospora magnifica Azcuy 1975. 
Plate 1, figure 10. 

1975 Calamospora magnifica Azcuy, p. 28, p1.5, fig. 30, pl. 6, fig. 33. 
Holotype. Azcuy (1975, pl. 5, fig. 30). 
Diagnosis. see Azcuy (1975, p. 28). 

Calamospora majus Saksena 1970. 
Plate 1, figure 9. 

1970 Calamospora majus Saksena, p. 243, p1.1, figs. 11,12. 
Holotype. Saksena (1970, pl. 1, fig. 11). 
Diagnosis. See Saksena (1970, p. 243). 

Calamospora microrugosa (Ibrahim) Schopf in Schopf et a1.1944. 
Plate 2, figure 5. 

1932 Sporonites microrugosus Ibrahim in Potonie et al., p. 447, p1.14, fig. 9. 
1944 Calamospora microrugosa (Ibrahim) Schopf in Schopf et al., p. 52. 

Holotype. Ibrahim (1932, p1.14, fig. 9). 

Diagnosis. See Potonie & Kremp (1955, p. 49). 
Remarks. For an extended synonymy list see Smith & Butterworth (1967, p. 
133). 

Calamospora multiplicata Habib 1966. 
Plate 1, figure 5. 

1966 Calanwspora multiplicata Habib, p. 632, p1.104, figs. 6,7. 
non 1969 Calamospora multiplicata Menendez & Azcuy, p. 84, p1.1, figs. K, L. 
Holotype. Habib (1966, p1.104, fig. 6). 

Diagnosis. See Habib (1966, p. 632). 

Calarnospora inutabilis (Loose) Schopf et a1.1944. 
Plate 2, figure 7. 

1932 Calaznati? -Sporonites mutabilis Loose in Potonie et al., p. 451, p1.19, figs. 50a-c- 
1944 Calamospora mutabilis (Loose) Schopf et al., p. 52. 

Holotype. Potonie et al. (1932, p1.19, fig. 50b). 
Diagnosis. See Potonie & Kremp (1955, p. 49). 

Calamospora obtecta Winslow 1962. 
Plate 2, figure 8. 

1962 Calanwspora obtecta Winslow, p. 56, p1.17, figs. 4,5,7,8. 
Holotype. Winslow (1962, p1.17, fig. 5). 
Diagnosis. See Winslow (1962, p. 56). 
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Calamospora pallida (Loose) Schopf et al. 1944. 

Plate 2, figure 3. 
1932 Sporonites pallidus Loose in Potonie et al., p. 449, p1.18, fig. 31. 
1944 Calamospora pallida (Loose) Schopf et al., p. 52. 

Holotype. Loose (1932, p1.18, fig. 31). 
Diagnosis. See Potonie & Kremp (1955, p. 50). 

Calamospora cf. pallida. 
Plate 2, figure 2. 

Remarks. Specimens assigned to this taxon are smaller than the type material 
(27(34)37p; 30 specimens). 

Calamospora parva Guennel 1958. 
Plate 1, figure 3. 

1958 Calamospora parva Guennel, p. 70-71, p1.4, fig. 12, text-fig. 16. 
Holotype. Guennel (1958, text-fig. 16). 

Diagnosis. See Guennel (1958, p. 70). 

Calamospora pedata Kosanke 1950. 
Plate 1, figure 8. 

1950 Calamospora pedata Kosanke, p. 42, p1.9, fig. 3. 

Holotype. Kosanke (1950, pl. 9, fig. 3). 
Diagnosis. See Kosanke (1950, p. 42). 

Calarnospora perrugosa (Loose) Schopf et a1.1944. 
Plate 2, figure 1. 

1934 Laevigati-sporites perrugosus Loose, p. 145, p1.7, fig. 13. 
1944 Calamospora perrugosa (Loose) Schopf et al., p. 52. 

Holotype. Loose (1934, p1.7, fig. 13). 

Diagnosis. See Smith & Butterworth (1967, p. 137). 

Calamospora strarninea Wilson & Kosanke 1944. 
Plate 1, figure 4. 

1944 Calamospora straminea Wilson & Kosanke, p. 329, p1.1, fig. 1. 
Holotype. Wilson & Kosanke (1944, p1.1, fig. 1). 
Diagnosis. See Wilson & Kosanke (1944, p. 329). 
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Deltoidospora Miner 1935. 

1935 Deltoidospora Miner, p. 618. 
1938 Leiotriletes Naumova, p. 355 (in part). 
1952 Leiotriletes Naumova ex Ischenko, p. 9. 
1954 Leiotriletes Naumova emend. Potonie & Kremp, p. 28. 

Type species. D. hallii Miner 1935. 
Diagnosis. See Miner (1935, p. 618). 
Remarks. Application of the name Deltoidospora to triangular, laevigate, trilete 
spores is a departure from the usual practice followed in most of the literature 

on Carboniferous palynology in which such spores are assigned to the genus 
Leiotriletes Naumova emend. Potonie & Kremp 1954. However, Staplin (1960), 
McGregor (1973) and Srivastava (1977) have conclusively demonstrated the 

priority of Deltoidospora over Leiotriletes. Braman and Hills (1977) and Ravn 
(1986,1991) also consider Leiotriletes to be a junior synonym of Deltoidospora. A 

more completes synonomy than that given above can be found in McGregor 
(1973, p. 15). 

Deltoidospora adnata Kosanke comb. nov. 
Plate 2, figure 10. 

1950 Granulati-sporites adnatrus Kosanke, p. 20, p1.3, fig. 9. 
1955 Leiotriletes adnatus (Kosanke) Potonie & Kremp, p. 39, p1.11, fig. 111. 

Holotype. Kosanke (1950, pl. 3, fig. 9). 
Diagnosis. See Kosanke (1950, p. 20). 

Deltoidospora convexa (Kosanke) Ravn 1986. 
Plate 2, figure 15. 

1950 Grauulati-sporites couvexus Kosanke, p. 20, p1.3, fig. 6. 
1955 Leiotriletes convexus (Kosanke) Potonie & Kremp, p. 39, p1.11, fig. 110. 
1986 Deltoidospora couvexa (Kosanke) Ravn, p. 24. 

Holotype. Kosanke (1950, pl. 3, fig. 6). 
Diagnosis. See Kosanke (1950, p. 20). 

Deltoidospora inerina (Waltz) Braman & Hills 1977. 
Plate 2, figure 11. 

1936 Azonotrietes inermis Waltz in Luber & Waltz, p. 11, p1.1, fig. 3, pl. 5, fig. 58, pl. A, fig. 
2. 

1952 Leiotriletes inerinis (Waltz) Ischenko, p. 9, p1.1, figs. 2,3. 
1955 Leiotriletes inennis (Waltz) Potonie & Kremp, p. 37. 
1977 Deltoidospora inenna (Waltz) Braman & Hills, p. 598. 

Holotype. None designated. 
Diagnosis. See Smith & Butterworth (1967, p. 122). 
Remarks. Despite common usage in European Silesian palynology the absence 
of a designated holotype for this species means that it remains a nomen nudum. 
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Deltoidospora Levis (Kosanke) Ravn 1986. 

Plate 2, figure 14. 
1950 Granulati-sporites Levis Kosanke, p. 21, p1.3, fig. 5. 
1955 Leiotriletes levis (Kosanke) Potonie & Kremp, p. 38. 
1986 Deltoidospora levis (Kosanke) Ravn, p. 22, pl. 1, fig. 5. 

Holotype. Kosanke (1950, pl. 3, fig. 5). 
Diagnosis. See Kosanke (1950, p. 21). 

Deltoidospora minuta (Knox) comb. nov. 
Plate 3, figure 1. 

1950 Calamospora minutus Knox, p. 332. 
1955 Leiotriletes minutus (Knox) Potonie & Kremp, p. 41, p1.11, fig. 119. 

Lectotype. Potonie & Kremp (1955, p1.11, fig. 119). 
Diagnosis. See Knox (1950, p. 332). 

Deltoidospora ornata (Ischenko) Braman & Hills 1977. 
Plate 2, figure 16. 

1956 Leiotriletes ornatus Ischenko, p. 22, p1.2, figs. 18-21. 
1977 Deltoidospora ornata (Ischenko) Braman & Hills, p. 598, pl. 1, fig. 12. 

Holotype. Ischenko (1956, p12, fig. 18). 

Diagnosis. Ischenko (1956, p. 22). 

Deltoidospora priddyi (Berry) McGregor 1973. 
Plate 3, figure 2. 

1937 Zonales-sporites priddyi Berry, p. 156, text-fig. 2. 
1955 Leiotriletes priddyi (Berry) Potonie & Kremp, p. 38. 
1973 Deltoidospora priddyi (Berry) McGregor, p. 16, p1.1, figs. 6,7. 

Holotype. Berry (1937, p. 159, text-fig. 2). 

Diagnosis. See Berry (1937, p. 156). 

Deltoidospora smithii Ravn 1986. 
Plate 2, figure 17. 

non 1954Leiotriletes turgidus Kara-Muria, p. 34, pl. 1, fig. 8. 
1965 Leiotriletes turgid us Marshall & Smith, p. 658, pl. 99, figs. 1-3. 
1986 Deltoidospora smithii Ravn, p. 23, p1.1, figs. 10-13. 

Holotype. Marshall & Smith (1965, pl. 99, fig. 1). 
Diagnosis. See Marshall & Smith (1965, p. 658). 
Remarks. Ravn (1986) recognised L. turgidus Marshall & Smith 1965 as a junior 
homonym and proposed the new name D. smithii. 
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Deltoidospora sphaerotriangula (Loose) Ravn 1986. 
Plate 3, figure 3. 

1932 Sporonites sphaerotriaugulus Loose in Potonie et al., p. 451, pl. 18, fig. 45. 
1954 Leiotriletes sphaerotriaugulus (Loose) Potonie & Kremp, p. 120. 
1986 Deltoidospora sphaerotriangula (Loose) Ravn, p. 23, p1.1, fig. 4. 

Holotype. Potonie & Kremp (1955, p1.11, fig. 107). 
Diagnosis. See Potonie & Kremp (1955, p. 41). 

Remarks. For a more complete synonymy see Ravn (1986, p. 23). 

Deltoidospora subadnatoides (Bhardwaj) Ravn 1986. 
Plate 2, figure 9. 

1957 Leiotriletes subadnatoides Bhardwaj, p. 80, p1.22, figs. 5-7, fig. 14. 
1986 Deltoidospora subadiwtoides (Bhardwaj) Ravn, p. 23, p1.1, fig. 2. 

Holotype. Bhardwaj (1957a, pl. 22, fig. 6). 
Diagnosis. See Bhard-. vaj (1957a, p. 80). 

Deltoidospora subintorta (Waltz) Braman & Hills 1977. 
Plate 2, figure 13. . 1941 Azonotriletes subintortus Waltz in Luber & Waltz, p. 13-14, pl. 2, fig. 15b 

1977 Deltoidospora subintorta (Waltz) Braman & Hills, p. 598, p1.1, fig. 13. 
Holotype Luber & Waltz (1941, pl. 2, fig. 15b). 
Diagnosis. See Luber & Waltz (1941, p. 13). 

Deltoidospora tumida (Butterworth & Williams) Ravn 1986. 
1958 Leiotriletes timnidus Butterworth & Williams, p. 128, pl. 32, figs. 10-12. 
1986 Deltoidospora tumida (Butterworth & Williams) Ravn, p. 24. 

Holotype. Smith & Butterworth (1967, p1.1, fig. 11). 
Diagnosis. See Butterworth & Williams (1958, p. 359). 

Deltoidospora aff. tumida. 
Plate 3, figures 6,7,11. 

Remarks. Present specimens have consistently straight interradial areas, unlike 
the convex interradial areas demonstrated by the holotype and paratype or the 
isotype illustrated by Smith & Butterworth (1967, pl. 1, fig. 12). The present 
specimens also have slight thickenings poorly defining the contact areas. 
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Punctatisporites Ibrahim emend. Potonie & Kremp 1954. 

Type species. P. punctatus (Ibrahim) Ibrahim 1933. 
Diagnosis. See Potonie & Kremp (1954, p. 120). 

Punctatisporites aerarius Butterworth & Williams 1958. 
Plate 3, figure 16. 

1958 Punutatisporites aerarius Butterworth & Williams, p. 360. p1.1, figs. 10,11. 

Holotype. Butterworth & Williams (1958, p1.1, fig. 11). 
Diagnosis. See Butterworth & Williams (1958, p. 360). 

Punctatisporites edgarensis Peppers 1970. 
Plate 3, figure 12. 

1970 Punctatisporites edgarensis Peppers, p. p. 82, p1.1, figs. 16,17. 
1979 Punctatisporites cf. edgarensis Peppers; Ravn, p. 22, p1.2, fig. 7. 

Holotype. Peppers (1970, p1.1, fig. 16). 

Diagnosis. See Peppers (1970, p. 82). 

Punctatisporites favus (Kosanke) Potonie & Kremp 1955. 
Plate 3, figures 17,20. 

1950 Calamospora flava Kosanke, p. 41, p1.9, fig. 2. 
1955 Punctatisporites flavus (Kosanke) Potonit & Kremp, p. 42. 

Holotype. Kosanke (1950, pl. 9, fig. 2). 
Diagnosis. See Kosanke (1950, p. 41). 

Punctatisporitesgiaber (Naumova in Luber & Waltz) Playford 1962. 
Plate 3, figures 10,14. 

1938 Azonotriletes glaber Naumova in Luber & Waltz, p. 8, p1.1, fig. 2. 
1%2 Punctatisporites glaber (Naumova) Playford, p. 576-577, pl. 78, figs. 15,16. 

Holotype. Luber & Waltz (1938, pl. 1, fig. 2). 
Remarks. A more complete synonymy for this taxon is given in Ravn (1986, p. 
25). 

Punctatisporites minutus Kosanke 1950. 
Plate 2, figures 8,9. 

1950 Punutati-sporites minutus Kosanke, p. 15, p1.16, fig. 3. 
Holotype. Kosanke (1950, p1.16, fig. 3). 
Diagnosis. See Kosanke (1950, p. 15). 
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Punctatisporites nitidus Hoffmeister et a1.1955. 

Plate 3, figure 13. 
1955 Punutatisporites nitidus Hoffmeister et al., p. 393, pl. 36, fig. 4. 

Holotype. Hoffineister et al. (1955, p1.36, fig. 4). 
Diagnosis. See Hoffmeister et al. (1955, p. 393). 

Punctatisporites obesus (Loose) Potonie & Kremp 1955. 
Plate 3, figure 18. 

1932 Sporonites obesus Loose in Potonie et al., p. 451, p1.19, fig. 49. 
1955 Punctatisporites obesus (Loose) Potonie & Kremp, p. 43, p1.11, fig. 124. 

Holotype. Loose (1932, pl. 19, fig. 49). 
Diagnosis. See Loose (1934, p. 145). 
Remarks. A more complete synonymy is provided by Ravn (1986, p. 27). 

Punctatisporites pseudopunctatus Neves 1961. 
Plate 3, figure 19. 

1%1 Punutatisporites pseudopunctafus Neves, p. 251-252, p1.30, fig. 3. 

Holotype. Neves (1961, p1.30, fig. 3). 
Diagnosis. See Neves (1961, p. 252). 

Punctatisporites punctatus (Ibrahim) Ibrahim 1933. 
Plate 3, figure 15. 

1932 Sporonites punctatus Ibrahim in Potonie et al., p. 448, p1.15, fig. 18. 
1933 Punctati-sporites punctatus Ibrahim, p. 21, pl. 2, fig. 18. 

Holotype. Potonie et al. (1932, p1.15, fig. 18). 

Diagnosis. See Ibrahim (1933, p. 21). 

Retusotriletes Naumova emend. Streel 1964. 

Type species. R. simplex Naumova 1953. 
Diagnosis. See Streel (1964, p. B7). 

Retusotriletes minutus Butterworth & Mahdi 1982. 
Plate 3, figures 4,5. 

1982 Retusotriletes minutus Butterworth & Mahdi, p. 487-488, pl. 1, figs. 6-8. 
Holotype. Butterworth & Mahdi (1982, p1.1, fig. 6). 

Diagnosis. See Butterworth & Mahdi (1982, p. 487). 
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Scutulum Felix & Burbridge 1967. 

Type species. S pusillum Felix & Burbridge 1967. 
Diagnosis. See Felix & Burbridge (1967, p. 382). 

Scutulum pusillum Felix & Burbridge 1967. 
Plate 4, figure 2. 

1%7 Scutulum pusillum Felix & Burbridge, p. 382-383, pl. 58, fig. 7. 
Holotype. Felix & Burbridge (1967, pl. 58, fig. 7). 
Diagnosis. See Felix & Burbridge (1967, p. 382). 

Sinuspores Artuz emend. Ravn 1986. 

Type species. S. sinuatus Artüz emend. Ravn 1986. 
Diagnosis. See Ravn (1986, p. 80). 

Sinuspores sinuatus Artüz emend. Ravn 1986. 
Plate 4, figure 1. 

1957 Sinuspores sinuatus Artüz, p. 254, p1.7, fig. 48. 
1961 Punctatisporites sinuatus (Artuz) Neves, p. 252. 
1986 SinusIvres sinuatus Artuz emend Ravn, p. 80, p1.23, figs. 9-12. 

Holotype. Artuz (1957, pl. 7, fig. 48). 
Diagnosis. See Ravn (1986, p. 80). 
Remarks. For a more complete synonymy see Ravn (1986, p. 80). 

Sinuspores cf. sinuatus . 
Plate 3, figure 21. 

Remarks. Specimens assigned to this taxon are smaller than the type material 
(40(55)70p; 20 specimens). They may resemble the species Punctatisporites 

edgarensis Peppers 1970, but have a well developed curvatural crassitude 
characteristic of the genus Sinuspores. 
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Waltzispora Staplin 1960. 

Type species. W. lobophora (Waltz) Staplin 1960. 
Diagnosis. See Staplin (1960, p. 18). 

Waitzispora polita (Hoffmeister et al. ) Smith & Butterworth 1967. 
Plate 2, figure 12. 

1955 Granulati-sporites politus Hoffmeister et al., p. 389, pl. 36, fig. 13. 
1%7 Waltzispora polita (Hoffmeister et al. ) Smith & Butterworth, p. 159, pl. 6, fig. 14. 

Holotype. Hoffmeister et al. (1955, pl. 36, fig. 13). 
Diagnosis. See Hoffineister et al. (1955, p. 389). 

Infraturma APICULATT Bennie & Kidston emend. Potonie 1956. 

Anapiculatisporites Potonie & Kremp 1954. 

Type species. A. isselburgensis Potonie & Kremp 1954. 
Diagnosis. See Potonit & Kremp (1954, p. 133). 
Remarks. Use of this genus follows the practice of Playford (1971) and Ravn 
(1986) and rejects the emendation of Smith & Butterworth (1967). 

Anapiculatisporites baccatus (Hoffmeister et al. ) Ravn 1986. 
Plate 4, figure 17. 

1955 Punctafislorifes? baccatus Hoffmeister et al., p. 392, pl. 36, fig. 2. 
1967 Anaplanisporites baccatus (Hoffmeister et al. ) emend. Smith & Butterworth, p. 166, pl. 7, 

figs. 1-5. 
1967 Anapiculatispoites baccatus (Hoffmeister et al. ) Ravn, p. 85, p1.23, figs. 2,3. 

Holotype. Hoffineister et al. (1955, pl. 36, fig. 2). 
Diagnosis. See Smith & Butterworth (1967, p. 166). 

Anapiculatisporites northumbriensis Butterworth et al. comb. nov. 
Plate 4, figure 3. 

1988 Anaplanisporites northumbriensis Butterworth et al., p. 70, p1.3, figs. 1-5. 
Holotype. Butterworth et al. (1988, pl. 3, fig. 3). 

Diagnosis. See Butterworth et al. (1988, p. 70). 
Remarks. Anaplanisporites Jansonius 1962 is improperly typified and is here 

considered to be a junior synonym of Anapiculatisporites (Playford, 1971b; 
Morbey, 1975; Ravn, 1986), thus necessitating the recombination of this species. 
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Anapiculatisporites protuberatus (Hagemann) Ravn 1986. 
Plate 4, figure 4. 

1966 Pustulatisporites protuberata Hagemann, p. 824, pl. 9, figs. 4,5. 
1986 Anapirulatisporites protuberatus (Hagemann) Ravn, p. 85-86, pl. 23, fig. 4. 

Holotype. Hagemann (1966, pl. 9, fig. 4). 
Diagnosis. See Ravn (1986, p. 86). 

Apiculatasporites Ibrahim emend. Ravn 1986. 

1933 Apiculati-sporites Ibrahim, p. 23 (in part). 
1933 Apiculata-sporites Ibrahim, p. 37. 
1954 Apiculatisporites Ibrahim emend. Potonie and Kremp, p. 130. 
1956 Apiculatisporis Potoni6 and Kremp, p. 94. 
1%7 Apiculatasporites Ibrahim emend. Smith and Butterworth, p. 176. 
1986 Apiculatasporites Ibrahim emend Ravn, p. 38. 

Type species. A. spinulistratus (Loose) Ibrahim 1933. 
Diagnosis. See Ravn (1986, p. 38). 

Remarks. Ravn (1986) argues convincingly for the synonymy of the genera 
Apiculatasporites and Apiculatisporis. The former has clear priority and so is used 
here. 

Apiculatasporites aculeatus (Ibrahim emend. Smith & Butterworth) Ravn 1986. 
Plate 4, figure 18. 

1933 Apiculati-sporites aculeatus Ibrahim, p. 23, pl. 6, fig. 57. 
1955 Apiculatisporites aculeatus (Ibrahim) Potonie & Kremp, p. 94, p1.14, figs. 235,236,241. 
1967 Apiculatisporis aculeatus (Ibrahim) emend. Smith & Butterworth, p. 170, pl. 7, figs. 12, 

13. 
1986 Apiculatasporites aculeatus (Ibrahim emend. Smith & Butterworth) Ravn, p. 39, pl. 5, 

figs. 6,7. 

Holotype. Potonie & Kremp (1955, p1.14, fig. 235). 
Diagnosis. See Smith & Butterworth (1967, p. 170). 

Apiculatasporites latigranifer (Loose) Ravn 1986. 
Plate 4, figures 20,21. 

1932 Sporonites latigraiiifer Loose in Potonie et al., p. 452, pl. 19, fig. 54. 
1955 Apiculatisporites latigranifer (Loose) Potonie & Kremp, p. 79, pl. 14, figs. 244,245. 
1967 Apiculatisporis latigranifer (Loose) Smith & Butterworth, p. 172. 
1986 Apiculatasporites latigranifer (Loose) Ravn, p. 39, p1.6, fig. 7. 

Holotype. Potonie & Kremp (1955, p1.14, fig. 244). 

Diagnosis. See Potonie & Kremp (1955, p. 79). 

Remarks. For further synonymy see Smith & Butterworth (1967, p. 172) and 
Ravn (1986, p. 39). 
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Apiculatasporites setulosus (Kosanke) Ravn 1986. 
Plate 4, figure 23. 

1950 Punctati-sporites setulosus Kosanke, p. 15, pl. 2, fig. 1. 
1955 Apiculatisporites setulosus (Kosanke) Potonie & Kremp, p. 77. 
1%2 Apiculatisporis sehdosus (Kosanke) Pierart, table 2. 
1967 Apiculatasporites setulosus (Kosanke) Ravn, p. 40, pl. 6, fig. 6. 

Holotype. Kosanke (1950, p1.2, fig. 1). 

Diagnosis. See Kosanke (1950, p. 15). 

Apiculatasporites spinososaetosus (Loose) Ravn 1986. 
Plate 4, figure 22. 

1932 Sporouites spinososaetosus Loose in Potonie et al., p. 452, p1.19, fig. 55. 
1933 Apiculati-sporites spinvsosaetosus (Loose) Ibrahim, p. 24. 
1944 Raistrickia sprwsosaetosus (Loose) Schopf et al., p. 56. 
1955 Apiculatisporites spinosaetosus (sic) (Loose) Potonie & Kremp, 80, p1.14, figs. 249. 
1%2 Apiculatisporis spinosaetosus (sic) (Loose) Pierart, tab. 2. 
1967 Apiculatisporis spinososaetosus (Loose) Smith & Butterworth, p. 173, p1.7, figs. 22,23. 
1986 Apiculatasporites spiuososaetosus (Loose) Ravn, p. 40, pl. 5, fig. 18. 

Holotype. Potonie & Kremp (1955, p1.14, fig. 249). 
Diagnosis. See Potonie et al. (1932, p. 452). 

Apiculatasporites spinulistratus (Loose) Ibrahim 1933. 
Plate 4, figure 19. 

1932 Sporonites spinidistratus Loose in Potonie et al., p. 450, p1.18, fig. 47. 
1933 Apiculata-sporites spinulistratus (Loose) Ibrahim, p. 37. 
1955 Planisporites spinulistratus (Loose) Potonie & Kremp, p. 71, p1.14, figs. 214-219. 

Holotype. Potonie & Kremp (1955, pl. 14, fig. 214) 
Diagnosis. See Potoni6 & Kremp (1955, p. 71). 
Remarks. For a more complete synonymy see Ravn (1986, p. 40). 

Apiculatasporites variocorneus (Sullivan) Ravn 1986. 
Plate 4, figure 24. 

1964 Apiculatisporis variocorneus Sullivan, p. 363, p1.58, figs. 4-8. 
1986 Apiculatasporites variocorneus (Sullivan) Ravn, p. 41, p1.6, fig. 8,9. 

Holotype. Sullivan (1964b, pl. 58, fig. 4). 
Diagnosis. See Sulivan (1964b, p. 363). 
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Apiculiretusispora Streel emend. Streel 1967. 

Type species. A. brandtii Streel 1964. 
Diagnosis. See Streel(1967, p. 32). 

Apiculiretusispora granulata Butterworth et al. 1988. 
Plate 4, figure 8. 

1988 Apiculiretusispora granulata Butterworth et al., p. 64-67, p1.3, figs. 8-10. 

Holotype. Butterworth et al. (1988, p1.3, fig. 8). 
Diagnosis. Butterworth et al. (1988, p. 67). 

Apiculiretusispora minuta Butterworth et al. (1988). 
Plate 4, figure 9. 

1988 Apiculiretusispora minuta Butterworth et al., p. 67, pl. 1, figs. 11. 

Holotype. Butterworth et al. (1988, p1.1, fig. 8). 
Diagnosis. See Butterworth et al. (1988, p. 67). 

Converrucosisporites Potonie & Kremp 1954. 

Type species. C. triquetrus (Ibrahim) Potord(- & Kremp 1954. 
Diagnosis. See Potonie & Kremp (1954, p. 137). 

Converrucosisporites armatus (Dybovä & Jachowicz) Smith & Butterworth 1967. 
Plate 5, figure 17. 

1957a Converrucitriletes annatus Dybova & Jachowicz, p. 128, pl. 32, fig. 1. 
1967 Converrucosisporites ar natus (Dybovä & Jachowicz) Smith & Butterworth, p. 146-147, 

pl. 4, figs. 19-21. 

Holotype. Dybovä & Jachowicz (1957a, pl. 32, fig. 1). 
Diagnosis. See Dybovä & Jachowicz (1957b, p. 182). 

Converrucosisporites vermiformis Ravn 1986. 
1986 Converrucosisporites venni/ormis Ravn, p. 82, pl. 21, figs. 17-20. 

Holotype. Ravn (1986, pl. 21, fig. 17). 
Diagnosis. See Ravn (1986, p. 82). 

Converrucosisporites aff. vermiformis. 
Plate 5, figures 11,16. 

Remarks. The current specimens are smaller (27(29)32p; 6 specimens) than the 
material described by Ravn (1986) ) and have straight or concave sides but with 
less well-rounded apices than Ravn's material. Verrucae are never pointed but 
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they do however form the characteristic negative reticulum. The current 
specimens appear distinct from the type, but too few specimens of this taxon 
were found in a single population to allow for the erection of a new species. 

Cyclogranisporites Potonie & Kremp 1954. 

Type species. C. leopoldii (Kremp) Potonie & Kremp 1954. 
Diagnosis. See Potoni6 & Kremp (1954, p. 126). 

CycIogranisporifes aureus (Loose) Potonie & Kremp 1955. 
Plate 5, figure 2. 

1934 Reticulati-sporites aureus Loose, p. 155, p1.7, fig. 24. 
1955 Cydogranisporites aureus (Loose) Potonie & Kremp, p. 61, p1.13, figs. 184-186. 

Holotype. Potoni6 & Kremp (1955, p1.13, fig. 184). 
Diagnosis. See Potonie & Kremp (1955, p. 61). 
Remarks. For a full synonymy see Ravn (1986, p. 30). 

Cyclogranisporites leopoldii (Kremp) Potonie & Kremp 1954. 
Plate 5, figure 5. 

1952 Granulatisporites leopoldi Kremp, p. 348, pl. 15b, figs. 15,16. 
1954 Cyclogranisporites leopoldi (Kremp) Potonie & Kremp, p. 126, pl. 20, fig. 103 
1986 Cyclogranisporites leopoldii (Kremp) Potonie & Kremp; Ravn, p. 31, p1.3, figs. 9,10. 

Holotype. Potonie & Kremp (1955, p1.13, fig. 174). 
Diagnosis. See Potoni6 & Kremp (1955. p. 62). 
Remarks. Ravn (1986, p. 31) corrected the orthography of this taxon. 

Cyclogranisporites minutus Bhardwaj emend. Ravn 1986. 
Plate 5, figure 4. 

1957 Cyclogranisporites minutus Bhardwaj, p. 83, pl. 22, figs. 22-23. 
1967 Cyclogranisporites cf. minutus Bhardwaj; Smith & Butterworth, p. 143, p1.4, figs. 4-7. 
1986 Cycloganisporites minutus Bhardwaj emend. Ravn, p. 31, p1.3, figs. 3,4. 

Holotype. Bhardwaj (1957a, pl. 22, fig. 22). 
Diagnosis. See Ravn (1987, p. 31). 

Cyclogranisporites multigranus Smith & Butterworth 1967. 
Plate 5, figure 3. 

1967 Cyclogranispnrites multigranus Smith & Butterworth, p. 144, pl. 4, figs. 10-13. 

Holotype. Smith & Butterworth (1967, pl. 4, fig. 12). 
Diagnosis. See Smith & Butterworth (1967, p. 144). 
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Dibolisporites Richardson 1965. 

Type species. D. echinaceus (Eisenack) Richardson 1965. 
Diagnosis. See Richardson (1965, p. 568). 

Dibolisporites ranunculioides sp. nov. 
Plate 4, figures 25,29,30. 

Diagnosis. Trilete, acamerate miospores. Laesurae straight, simple, two-thirds 

radius, usually difficult to discern. Equatorial outline circular. Proximal and 
distal ornament of spinae with bulbous bases (galae). Spinae slender, tapering, 
2.5p to 20p in length (exclusive of bulbous base), bases hemispherical, 211 to 4; i 
in diameter. Ornament coarsest distally, reduced on the proximal face and 
smallest near the proximal pole. Size of miospores 30(35.5)39p; 30 specimens. 
Derivation of name. L. ranunculus - tadpole, L. -oides - like; in reference to the 

similarity of specimens to a mass of tadpoles. 
Type locality. Well 44/22-1, southern North Sea. 
Type horizon. Mudstones in core at 11878'; Duckmantian. 
Holotype. Plate 4, figure 29. 
Comparison. Anapiculatisporites northurnbriensis Butterworth et al. comb. nov. is 

smaller. It has a less coarse ornament of similar form but with much shorter 
spinae and which is restricted to the distal surface. 
Remarks. This species is assigned to Dibolisporites as it possesses a 'biform' 

sculpture of rounded verrucae surmounted by spinae. 
Specimens rarely show a triletes mark and may appear like an acritarch. 
However, attached tetrad specimens are common (Plate 4, figure 25) and 
occasional specimens with a distinct trilete mark occur (Plate 4, figure 30), 
indicating that the form is a miospore. 

Echinatisporis Krutzsch 1959. 

Type species. E. longechinus Knutsch 1959. 
Diagnosis. See Krutzsch (1959, p. 132). 
Remarks. Because of the ambiguities of typification and generic 
circumscription of the genus Acanthotriletes Naumova ex Naumova emend. 
Potonie & Kremp 1954 described by Ravn (1986), species which would 
previously have been assigned to Acanthotriletes and which have a circular amb 
are here assigned to Echinatisporis. 
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Echinatisporis knoxiae Ravn1986. 
Plate 6, figure 24. 

1950 Spinoso-sporites echinatus Knox, p. 313, pl. 17, fig. 208. 
1955 Acanthotriletes echinatus (Knox) Potoni6 & Kremp, p. 84. 

non 1955 Acanthotriletes echinatus Hoffmeister et al., p. 379, p1.38, figs. 1,2. 
1967 Acanthotriletes echinatus (Knox) Potonie & Kremp ex Smith & Butterworth, p. 178, pl. 8, 

fig. 9. 
1986 Echinatisporis knoxiae Ravn, p. 87-88, pl. 7, fig. 4. 

Neotype. Smith & Butteworth (1967, pl. 8, fig. 9). 
Diagnosis. See Knox (1950, p. 313). 
Remarks. Ravn (1986) erected the new name E. knoxiae to avoid producing a 
junior homonym when he coincidentally recombined A. echinatus Hoffineister 

et al. 1955. A. echinatus (Knox) Potoni6 & Kremp 1955 was not validated until 
Smith & Butterworth (1967) selected a neotype and so is junior. 

Granasporites Alpern emend. Ravn et a1.1986. 

1959 Granasporites Alpern, p. 139. 
1966 Cappasporites Urban, p. 122. 
1983 Cappasporites Urban emend. Chadwick, p. 205. 
1986 Granasporites Alpern emend. Ravn et al., p. 428. 

Type species. G. medius (Dybovä & Jachowicz) Ravn et a1.1986. 
Diagnosis. See Ravn et al. (1986, p. 428. 

Remarks. Ravn et al. (1986) provide a full taxonomic analysis of this genus. 

Granasporites inedius (Dybovä & Jacho-. vicz) Ravn et a1.1986. 
Plate 5, figure 1. 

1957 Granisporites medius Dybovä & Jachowicz, p. 77, p1.10, figs. 1,2. 
1959 Granasporites irregularis Alpern, p. 139, p1.1, figs. 7-9. 
1966 Cappasporites distortus Urban, p. 114, p1.1, figs. 1-14. 
1%7 Apiculatisporis irregrdaris (Alpern) Smith & Butterworth, p. 171, pl. 7, figs. 18,19. 
1986 Granasporites medius (Dybovä & Jachowicz) Ravn eta!. p. 429, p1.1, figs. 1-8, pl. 2, figs. 

1-5. 
Holotype. Dybovä & Jachowicz (1957, p1: 10, fig. 1). 
Diagnosis. Dybovä & Jachowicz (1957, p. 77). 

Remarks. Ravn et al. (1986) provide a full taxonomic analysis of this species. 



107 
Granulatisporites Ibrahim emend. Potonie & Kremp 1954. 

Type species. G. granulatus Ibrahim 1933. 
Diagnosis. See Potord6 & Kremp (1954, p. 126). 

Granulatisporites adnatoides (Potoni6 & Kremp) Smith & Butterworth 1967. 
Plate 5, figure 7. 

1955 Leiotriletes adnatoides Potonie & Kremp, p. 38, pl. 11, figs. 112-115. 
1967 Granulatisporites adn atoides (Potonie & Kremp) Smith & Butterworth, p. 139, pl. 3, figs. 

12-14. 

Holotype. Potoni6 & Kremp (1955, p1.11, fig. 112). 
Diagnosis. See Smith & Butterworth (1967, p. 139). 

Granulatisporites granooronatus (Artuz) comb. nov. 
Plate 5, figure 6. 

1957 Loplzotriletes granoornatus Artuz, p. 244, pl. 2, fig. 13. 
Holotype. Artuz (1957, p1.2, fig. 13). 

Diagnosis. See Artuz (1957, p. 244). 
Remarks. Artuz (1957) described the ornament of L. granoornatus as granulate. 
The species should therefore reside in the genus Granulatisporites. Peppers 
(1970) and Ravn (1979) considered the ornament of American specimens of this 
species to be granulate and discussed the possibility that the species might best 
be included in Granulatisporites. Smith & Butterworth (1967) described an 
ornament of pointed, rounded or slightly flattened coni and maintained the 

species in Lophotriletes Naumova ex Ischenko emend. Potoni6 & Kremp 1954. 
Specimens observed from the Southern North Sea Carboniferous Basin conform 
to the diagnosis of Artuz (1957), i. e. bear grana, and the species is here 
transferred to the genus Granulatisporites. 

Granulatisporites granulatus Ibrahim 1933. 
Plate 5, figure 10. 

1933 Granulatisporites granulatus Ibrahim, p. 22, pl. 6, fig. 51. 

Holotype. Ibrahim (1933, pl. 6, fig. 51). 
Diagnosis. See Potoni6 & Kremp (1955, p. 58). 
Remarks. Ravn (1986, p. 28) gives a more complete synonymy. 
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Granulatisporites microgranifer Ibrahim 1933. 
Plate 5, figure 9. 

1933 Granulatisporites microgranifer Ibrahim, p. 22, p1.5, fig. 32. 
Holotype. Ibrahim (1933, p1.5, fig. 32). 
Diagnosis. See Potoni6 & Kremp (1955, p. 58). 
Remarks. See Ravn (1986, p. 28) for a more complete synonymy. 

Granulatisporites piroformis Loose 1934. 
1934 Granulatisporites piroformis Loose, p. 147, p1.7, fig. 19. 

Holotype. Loose (1934, pl. 7, fig. 19). 
Diagnosis. See Potoni6 & Kremp (1955, p. 60). 

Granulatisporites cf. piroformis. 
Plate 5, figure 8. 

1967 Granulatisporites cf. piroformis Loose 1934; Smith & Butterworth, p. 141-142, p1.4, figs. 
1-3. 

1982 Granulatisporites cf. piroformis Loose 1934; Ravn & Fitzgerald, p. 117, pl. 2, figs. 10,11. 
1986 Grauulatisporites cf. piroformnis Loose 1934; Ravn, p. 29, pl. 2, figs. 7,8,13). 

Remarks. Observed specimens are smaller (20-30u diameter) than the type 
material. 

Lophotriletes Naumova emend. Potonie & Kremp 1954. 

Type species. L. gibbosus (Ibrahim) Potoriie & Kremp 1955. 
Diagnosis. See Potonie & Kremp (1954, p. 129). 

Lophotriletes cor inissuralis (Kosanke) Potonie & Kremp 1955. 
Plate 4, figure 11. 

1950 Granulati-sporites co, nmissuralis Kosanke, p. 20, p1.3, fig. 1. 
1955 Lophotriletes comnissuralis (Kosanke) Potonie & Kremp, p. 73, p1.14, figs. 222,223. 

Holotype. Kosanke (1950, p1.3, fig. 1). 
Diagnosis. See Kosanke (1950, p. 20). 

Lophotriletes gibbosus (Ibrahim) Potonie & Kremp 1955. 
Plate 4, figure 12. 

1933 Verrucosi-sporites gibbosus Ibrahim, p. 25, pl. 6, fig. 49. 
1955 Lophotriletes gibbosus (Ibrahim) Potonie & Kremp, p. 74, p1.14, figs. 220,221. 

Holotype. Potonie & Kremp (1955, p1.14, fig. 220). 
Diagnosis. See Potonie & Kremp (1955, p. 74). 
Remarks. For a more complete synonymy see Ravn (1986, p. 36). 
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Lophotriletes ibrahimii (Peppers) Pi-Radondy & Doubinger 1968. 

. Plate 4, figure 13. 
1964 Granulatisporites ibrahimi Peppers, p. 20, pl. 2, figs. 9,10. 
1968 Lophotriletes ibrahimii (Peppers) Pi-Radondy & Doubinger, p. 412, p1.1, fig. 2. 

Holotype. Peppers (1964, pl. 2, fig. 9). 

Diagnosis. See Peppers (1964, p. 20). 

Lophotriletes microsaetosus (Loose) Potonie & Kremp 1955. 
Plate 4, figure 15. 

1932 Sporonites microsaetosus Loose in Potonie et al., p. 450, p1.18, fig. 46. 
1955 Ioplwtriletes microsaetosus (Loose) Potonie & Kremp, p. 74, pL 14, figs. 229,230. 

Holotype. Potonie & Kremp (1955, p1.14, fig. 229). 
Diagnosis. See Potonie & Kremp (1955, p. 74). 

Lophotriletes cf. microsaetosus. 
Plate 4, figure 16. 

Remarks. This taxon is used sensu Smith & Butterworth (1967, p. 158, p1.6, figs. 
10,11). 

Lophotriletes mosaicus Potonie & Kremp 1955. 
Plate 4, figure 14. 

1955 Lophotriletes mosaicus Potonie & Kremp, p. 75, p1.14, figs. 227,228. 

Holotype. Potonie & Kremp 1955, p1.14, fig. 227). 
Diagnosis. See Potonie & Kremp (1955, p. 75). 

Lophotriletes pseudaculeatus Potonie & Kremp 1955. 
Plate 4, figure 10. 

1955 Loplwtriletes pseudaculeatus Potonie & Kremp, p. 75, p1.14, figs. 232-234. 
Holotype. Potonie & Kremp (1955, p1.14, fig. 232). 
Diagnosis. See Potonie & Kremp (1955, p. 75). 

Neoraistrickia Potonie 1956. 

Type species. N. truncata (Cookson) Potonie 1956. 
Diagnosis. See Potonie (1956, p. 34). 

Neoraistrickia exigua sp. nov. 
Plate 6, figure 18,19,20. 

Diagnosis. Trilete, acamerate miospores. Laesurae straight, simple, two-thirds 
radius. Equatorial outline triangular, interradial margins straight or slightly 
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concave, radial margin rounded. Proximal and distal ornament of narrow, 
straight-sided, flat-topped baculae, 2u to 3.5p high, less than 1z wide. Baculae 
c. 2y apart, less dense in the interradial areas. Miospore size 23(27.5)321; 25 
specimens. 
Derivation of name. L. exiguus - insignificant; in reference to the relatively 
small baculate ornament. 
Type locality. 44/22-1, southern North Sea. 
Type locality. Coal in core at 11506'; Duckmantian. 
Holotype. Plate 6, figures 18,19. 
Comparison. Other Carboniferous species of Neoraistrickia (e. g. N. baculata 
(Neves) Ravn 1986, N. coronata Ravn 1991, N. drybrookensis Sullivan 1964, N. 

muscatinensis Ravn & Fitzgerald 1982, N. williamsii Ravn 1991) all have more 
conspicuous baculae. Lophotriletes rnicrosaetosus may appear superficially 
similar, but has an ornament of tapering coni. 

Neoraistrickia virgultorum sp. nov. 
Plate 6, figures 21,22. 

Diagnosis. Radial, trilete, acamerate miospores. Amb rounded triangular, sides 
more or less straight, occasionally slightly concave or convex. Trilete straight, 
simple, laesurae extending one to two thirds of the dianmeter of the spore. 
Exine ornamented proximally and distally with pointed or round-topped 
baculae, 0.5u to 2.5p in diameter, 1.5p to 3.5p in height. Baculae are irregularly 
distributed over the exine, being concentrated into clumps, often at the radial 
positions, with laevigate exine and isolated baculae in between. Size of 
miospores 29(31.5)36p; 9 specimens. 
Derivation of name. L. virgulta - copse, with reference to the clumped 
distribution of the ornamental elements. 
Holotype. Plate 6, figure 21. 

Type locality. Well 44/22-4; southern North Sea. 
Type horizon. Coal in core at 12138; early Duckmantian. 
Comparison. N. virgultorum is differentiated from other Carboniferous species 
of Neoraistrickia by the irregular distribution of the baculae. 
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Pileatisporites Peppers 1970. 

Type species. P. aequus Peppers 1970. 
Diagnosis. Peppers (1970, p. 101). 

Pileatisporites bakerii Ravn & Fitzgerald 1982. 
Plate 6, figure 14,15. 

1982 Pileatisporites bakerii Ravn & Fitzgerald, p. 124, pl. 4, figs. 3-6. 
Holotype. Ravn & Fitzgerald (1982, p1.4, fig. 3). 
Diagnosis. See Ravn & Fitzgerald (1982, p. 124). 

Pilosisporites Delcourt & Sprumont emend. Döring 1965. 

Type species. P. trichopapillosus (Thiergart) Delcourt and Sprumont 1955. 
Diagnosis. See Döring (1965, p. 36). 
Remarks. Because of the ambiguities of typification and generic 
circumscription of the genus Acanthotriletes Naumova emend. Potonie and 
Kremp 1954 described by Ravn (1986), species which would previously have 
been assigned to Acanthotriletes and which have a triangular amb are here 

assigned to Pilosisporites. 

Pilosisporites aculeolatus (Kosanke) Ravn 1986. 
Plate 4, figure 27. 

1950 Granulati-sporites aculeolatus Kosanke, p. 22, p1.3, fig. 8. 
1955 Acanthotriletes aculeolatus (Kosanke) Potonie & Kremp, p. 84. 
1986 Pilosisporites aculeolatus (Kosanke) Ravn, p. 43, pl. 7, fig. 5. 

Holotype. Kosanke (1950, pl. 3, fig. 8). 

Diagnosis. See Kosanke (1950, p. 22). 

Pilosisporites microspinosus (Ibrahim) Ravn 1986. 
Plate 4, figure 26. 

1933 Apiculati-sporites microspinosus Ibrahim, p. 24, pl. 6, fig. 25. 
1955 Acanthotriletes microspinosus (Ibrahim) Potonie & Kremp, p. 84-85, p1.14, fig. 258. 
1986 Pilosisporites microspinosus (Ibrahim) Ravn, p. 45. 

Holotype. See Potonit & Kremp (1955, p1.14, fig. 258). 
Diagnosis. See Potonie & Kremp (1955, p. 85). 



112 

Pilosisporites williamsii Ravn 1986. 
Plate 4, figure 28. 

1986 Pilosisporites williamsii Ravn, p. 44,, pL 7, figs. 1-3. 
Holotype. Ravn (1986, pl 7, fig. 1). 
Diagnosis. See Ravn (1986, p. 44). 

Planisporites Knox emend Potonie 1960. 

Type species. P. granifer (Ibrahim) Knox 1950. 
Diagnosis. See Potonie (1960, p. 39). 

Planisporites granifer (Ibrahim) Knox 1950. 
Plate 5, figure 21. 

1933 Granulati-sporites granifer Ibrahim, p. 22, pl. 8, fig. 72. 
1950 Planisporites granifer (Ibrahim) Knox, p. 315. 

Holotype. Potonie & Kremp (1955, p1.13, fig. 207). 
Diagnosis. See Potonie & Kremp (1955, p. 71). 

Pustulatisporites Potonie & Kremp 1954. 

Type species. P. pustulatus Potonie & Kremp 1954. 
Diagnosis. See Potonie & Kremp (1954, p. 134). 

Pustulatisporites crenatus Guennel 1958. 
Plate 5, figures 13,14. 

1958 Pustulatispvrites cre»atus Guennel, p. 63, pl. 3, fig. 11, text-fig. 15. 
Holotype. Guennel (1958, p1.3, fig. 11). 

Diagnosis. See Guennel (1958, p. 63). 

Pustulatisporites pustulatus Potonie & Kremp 1954. 
Plate 5, figure S. 

1954 Pustulatisporites pustulatus Potonie & Kremp, p. 134, pl. 20, fig. 256. 
Holotype. Potonie & Kremp (1955, p1.14, fig. 256). 
Diagnosis. See Potonie & Kremp (1954, p. 134). 
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Raistrickia Schopf et al. emend. Potonie & Kremp 1954. 

Type species. R. grovensis Schopf in Schopf et a1.1944 
Diagnosis. See Potonie & Kremp (1954, p. 85). 

Raistrickia? abdita (Loose) Schopf et al. 1944. 

Plate 6, figure 8. 
1932 Sporonites abditus Loose in Potonie et al., p. 451, p1.19, fig. 53. 
1944 1Raistrickia abditus (Loose) Schopf et al., p. 55. 
1955 Apiculatisporis abditus (Loose) Potonie & Kremp, p. 78, p1.14, figs. 237-239. 

Holotype. Potonid & Kremp (1955, p1.14, fig. 237). 
Diagnosis. See Potoni6 & Kremp (1955, p. 78). 
Remarks. Given the revision of Apiculatasporites (= Apiculatisporis) accepted 
here, this species is considered best accomodated within the genus Raistrickia in 

view of its ornament of blunt, often truncated, coni. For a full discussion of this 

generic placement see Ravn (1986, p. 46). 

Raistrickia breveminens Peppers 1970. 
Plate 6, figure 16. 

1970 Raisrtickia breveminens Peppers, p. 102, p1.7, figs. 3,4, text-fig. 23a. 

Holotype. Peppers (1970, p1.7, fig. 3). 
Diagnosis. See Peppers (1970, p. 102). 

Raistrickia crinata Kosanke 1950. 
Plate 6, figure 9. 

1950 Raistrickia crinata Kosanke, p. 46, p1.11, fig. 7. 
Holotype. Kosanke (1950, p1.11, fig. 7). 

Diagnosis. See Kosanke (1950, p. 46). 

Raistrickia digitosa Artuz 1957. 
Plate 6, figure 13. '- 

1957 Raistrickia digitosa Artuz, p. 246, pl. 33, fig. 20a, b. 
Holotype. Artuz (1957, pl. 33, fig. 20a b). 
Diagnosis. See Artuz (1957, p. 246). 

Raistrickia fulva Artüz 1957. 
Plate 6, figure 12. 

1957 Raistrickia fulva Artüz, p. 246, p1.3, fig. 19. 
Holotype. Artuz (1957, p1.3, fig. 19). 
Diagnosis. See Arttiz (1957, p. 246). 



114 

Raistrickia lowellensis Peppers 1970. 
Plate 6, figure 6. 

1970 Raistrickia lowellensis Peppers, p. 105, pl. 8, figs. 3,4, text-fig. 23e. 
Holotype. Peppers (1970, p1.105, fig. 3). 
Diagnosis. See Peppers (1970, p. 105). 

Raistrickia microhorrida (Horst) Potonie & Kremp 1955. 
Plate 6, figures 7,11. 

1943 Triletes ? (Apiculati) microlwrridus Horst, p. 161, pl. 21, fig. 35a, b. 
1955 Raistrickia microhorrida (Horst) Potoni6 & Kremp, p. 36. 

Holotype. Horst (1943, p1.21, fig. 35a, b). 

Diagnosis. See Horst (1955, p. 161). 

Raistrickia parvuia sp. nov. 
Plate 6, figure 4. 

Diagnosis. Radial, trilete, acamerate miospores. Amb circular. Laesurae 

straight, simple, three quarters of radius, often difficult to discern. Proximal 

and distal ornament of densely set, minute baculae 0.5µ to 2p high and 0.25p to 
1p in diameter. Baculae are mainly flat-topped but rare pilate baculae with 
slightly inflated, rounded tips may be present. Baculae are set 1p to 2u apart. 
Derivation of name. L. parvulus - diminutive, with reference to the tiny 
baculae. 

Type locality. Well 44/22-4, southern North Sea. 
Type horizon. Mudstones in core at 12104'; early Duckmantian. 
Holotype. Plate 6, figure 4. 
Comparison. All other Carboniferous species of Raistrickia have much larger, 

more prominent baculae. 

Raistrickia saetosa (Loose) Schopf et a1.1944. 
Plate 6, figure 10. 

1932 Sporonites saetosus Loose in Potonie et al., p. 452, p1.19, fig. 56. 
1944 Raistrickia saetosus (Loose) Schopf et al., p. 56. 

Holotype. Potonie & Kremp (1955, p1.15, fig. 264). 
Diagnosis. See Potoni6 & Kremp (1955, p. 87). 

Raistrickia subcrinata Peppers 1970. 
Plate 6, figure 5. 

1970 Raistrickia subcrinata Peppers, p. 108, pl. 8, figs. 5,6, text-fig. 23f. 
Holotype. Peppers (1970, pl. 8, fig. 5). 
Diagnosis. Peppers (1970, p. 108). 
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Raistrickia superba (Ibrahim) Schopf et a1.1944. 
Plate 6, figure 17. 

1933 Setosi-sporites superbus Ibrahim, p. 27, pl. 5, fig. 42. 
1944 Raistrickia superbus (Ibrahim) Schopf et al., p. 56. 

Holotype. Potoni6 & Kremp (1955, p1.15, fig. 262). 
Diagnosis. See Potonie & Kremp (1955, p. 88). 

Spackmanites Habib emend. Ravn 1986. 

Type species. S. ellipticus Habib emend. Ravn 1986. 
Diagnosis. See Ravn (1986, p. 116). 

Spackrnanites habibii Ravn 1986. 
Plate 5, figure 12. 

1966 Spackmanitesfacierugosus Habib and, non Loose, p. 638, p1.105, fig. 19. 
1986 Spackmanites habibii Ravn, p. 117,118, p1.35, figs. 9-11. 

Holotype. Ravn (1986, p1.35, figs. 10,11). 
Diagnosis. see Ravn (1986, p. 117). 

Spinositriletes Dybovä & Jachowicz emend. Ravn 1991. 

Type species. S. spinosus (Kosanke) Dybovä & Jachowicz 1957. 
Diagnosis. See Ravn (1991, p. 89). 

Spinositriletes minor (Butterworth & Williams) Ravn 1991. 
Plate 4, figure 6. 

1958 Anapiculatisporites minor Butterworth & Williams, p. 365, p1.1, figs. 32-34. 
1967 Auapiculatisporites minor Butterworth & Williams emend. Smith & Butterworth, p. 161, 

p1.6, figs. 21-24. 
1991 Spinositriletes minor (Butterworth & Williams) Ravn, p. 90. 

Holotype. Butterworth & Williams (1958, p1.1, fig. 34). 
Diagnosis. See Butterworth & Williams (1958, p. 365). 

Spinositriletes paucispinosus (Ravn) Ravn 1991. 
Plate 4, figure 5. 

1986 Anacantlwtriletes paucispinosus Ravn, p. 65-66, p1.1, figs. 32-34. 
1991 Spinositriletes paucispinwsus (Ravn) Ravn, p. 90. 

Holotype. Ravn (1986, p1.16, fig. 9). 
Diagnosis. See Ravn (1986, p. 65-66). 



116 

Tantillus Felix & Burbridge 1967. 

Type species. T. triquetrus Felix and Burbridge 1967. 
Diagnosis. See Felix & Burbridge (1967, p. 383). 

Tantillus triquetrus Felix & Burbridge 1967. 
Plate 4, figure 17. 

1967 Tantillus triquetrus Felix & Burbridge, p. 383, p1.64, figs. 4,5. 
Holotype. Felix & Burbridge (1967, pl. 64, fig. 4). 
Diagnosis. See Felix & Burbridge (1967, p. 383). 

Tricidarisporites Sullivan & Marshall emend. Gueinn, Neville & Williams in 

Neves et al. 1973. 

Type species. T. balteolus Sullivan & Marshall 1966. 
Diagnosis. See Neves et al. (1973, p. 31). 

Tricidarisporites arcuatus Neville in Neves et al. 1973. 
Plate 6, figure 23. 

1974 Tricidarisporites arcuatus Neville in Neves et al., p. 32, p1.1, figs. 7,8. 
Holotype. Neves et al. (1973, p1.1, fig. 7). 
Diagnosis. See Neves et al. (1973, p. 32). 

Verrucosisporites Ibrahim emend. Smith et a1.1964. 

Type species. V. verrucosus (Ibrahim) Ibrahim 1933. 
Diagnosis. See Smith et al. (1964, p. 1071). 

Verrucosisporites cerosus (Hoffineister et al. ) Butterworth & Williams 1958. 
1955 Punctati-sporites? cerosus Hoffineister et al., p. 392, p1.36, fig. 6. 
1958 Verrucosisporites cerosus (Hoffmeister et al. ) Butterworth & Williams, p. 361, p1.1, figs. 

42,43. 
Holotype. Hoffineister et al. (1955, pl. 36, fig. 6). 
Diagnosis. See Hoffineister et al. (1955, p. 392). 
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Verrucosisporites cf. cerosus. 
Plate 5, figure 22. 

Remarks. Specimens from this study are very similar to the material described 

and figured by Hoffmeister et al. (1955) and Smith & Butterworth (1967) but 
bear an ornament of poorly defined verrucae which are slightly coarser and 
more irregular in plan view. 

Verrucosisporites cumbriensis Butterworth et a1.1988. 
Plate 2, figure 25. 

1988 Verrucosisporites cumbriensis Butterworth et at, p. 68, p1.4, figs. 2-6, pl. 5, fig. 8. 

Holotype. Butterworth et al. (1988, pl. 4, fig. 3). 
Diagnosis. See Butterworth et al. (1988, p. 68). 

Verrucosisporites donarii Potonie & Kremp 1955. 
Plate 5, figure 18. 

1955 Verrucosisporites donarii Potonie & Kremp, p. 67, p1.13, fig. 193. 
Holotype. Potonid & Kremp (1955, p1.13, fig. 193). 
Diagnosis. See Potoni6 & Kremp (1955, p. 67). 

Verrucosisporites eximius Playford 1962. 
1962 Verrucopsisporites eximius Playford, p. 587, p1.80, figs. 5-8, text-fig. 5d. 

Holotype. Playford (1962, pl. 80, figs. 5,6). 
Diagnosis. See Playford (1962, p. 587). 

Verrucosisporites cf. eximius. 
Plate 6, figure 1. 

Remarks. The present specimens do not possess the distinctive broad labra 
found in the type material. 

Verrucosisporites gobbettii Playford 1962. 
1%2 Verrucosisporites gobbettii Playford, p. 586-587, pl. 80, figs. 1-4, text-fig. 5g. 

Holotype. Playford (1962, p1.80, fig. 1). 
Diagnosis. Playford (1962, p. 586). 

Verrucosisporites aff. gobbettii. 
Plate 5, figures 19,23. 

Remarks. Many specimens of Verrucosisporites examined in this study have a 
conspicuous ornament of large verrucae. Such verrucate ornament is unusual 
in the Westphalian of northwest Europe although it has been reported (as V. 

nitidus and V. cf. morulatus) from the Kilbourn and Caseyville Formations (= 

early Duckmantian and late Langsettian respectively) of Iowa (Ravn, 1986). 
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This large verrucate ornament is more common amongst early Namurian and 

younger species of Verrucosisporites. The present specimens exhibit a wide 
range of morphographies of verrucae, forming a plexus of types centred 
around specimens very similar to V. gobbettii. It is likely that the specimens 
could be divided into more than one morphographic taxon. 

Verrucosisporites microtuberosus (Loose) Smith & Butterworth 1967. 
Plate 5, figure 26. 

1932 Sporonites microtuberosus Loose in Potonie et al., p. 450, p1.18, fig. 33. 
1967 Verrucosisporites microtuberosus (Loose) Smith & Butterworth, p. 149-150, p1.5, figs. 9- 

11. 

Holotype. Potonie & Kremp (1955, p1.15, fig. 273). 
Diagnosis. See Smith & Butterworth (1967, p. 150). 

-Verrucosisporites microverrucosus Ibrahim 1933. 
Plate 6, figure 2. 

1933 Verrucosisporites microverrucosus Ibrahim, p. 25, p1.7, fig. 60. 
1944 Punctati-sporites microverrucosus (Ibrahim) Schopf et al., p. 31. 
1950 Verrucoso-sporites microverrucosus (Ibrahim) Knox, p. 318, p1.17, fig. 228. 

Holotype. Potonie & Kremp (1955, p1.13, fig. 300). 
Diagnosis. See Ibrahim (1933, p. 25). 

Verrucosisporites perverrucosus (Loose) Potoie & Kremp emend. Smith 1971. 
Plate 5, figure 20,24. 

1932 Sporonites perverrucosus Loose in Potonie et al., p. 45, p1.18, fig. 48. 
1955 Verrucosisporites perverrucosus (Loose) Potonie & Kremp, p. 68, p1.13, fig. 194. 
1971 Verrucosisporites preverrucosus (Loose) Potonie & Kremp emend. Smith, p. 72-73, pL 18, 

figs. 1-15. 
Holotype. See Smith (1971, p1.18, figs. 1-3). 
Diagnosis. See Smith (1971, p. 72). 

Verrucosisporites sifati (Ibrahim) Smith & Butterworth 1967. 
Plate 6, figure 3. 

1933 Reticulati-sporites sifati Ibrahim, p. 35, pl. 8, fig. 67. 
1%7 Verrucosisporites sifati (Ibrahim) Smith & Butterworth, p. 152-153, pl. 6, fig. 1. 

Holotype. Potonie & Kremp (1955, p1.15, fig. 67). 
Diagnosis. See Smith & Butterworth (1967, p. 152). 

Verrucosisporites verrucosus (Ibrahim) Ibrahim 1933. 
` Plate 5, figure 27. 

1932 Sporonites verrucosus Ibrahim in Potonie et al., p. 448, p1.15, fig. 17. 
1933 Verrucosi-sporites verrucosus (Ibrahim) Ibrahim, p. 25, pl. 2, fig. 17. 

Holotype. Potonie & Kremp (1955, p1.13, fig. 196). 

Diagnosis. See Potonie & Kremp (1955, p. 69). 
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Infraturma MURONATI Bennie & Kidston emend. Potoni61956. 

Anafoveosporites Ravn 1986. 

Type species. A. avcinnii (Ravn and Fitzgerald) Ravn 1986. 
Diagnosis. See Ravn & Fitzgerald (1982, p. 130). 

Anafoveosporites avcinii (Ravn & Fitzgerald) Ravn 1986. 
Plate 7, figure 24. 

1982 Foveosporites avcinii Ravn & Fitzgerald, p. 130, p1.6, figs. 1-6 
1986 Anafoveosporites avcinii (Ravn & Fitzgerald) Ravn, p. 92, pl. 26, figs. 48. 

Holotype. Ravn & Fitzgerald (1982, pl. 6, fig. 1). 
Diagnosis. Ravn & Fitzgerald (1982, p. 130). 
Remarks. Specimens observed from the S. N. S. C. B. consistently have an 
equatorial thickening (Curvatural ridge or limbus? ) 2-4pm wide. Although this 
feature is not mentioned in the specific (or generic) diagnosis it can be seen in 
the photographs of the holotype and paratypes. 

Camptotriletes Naumova 1939 ex Potonie & Kremp 1954. 

Type species. C. corrugatus (Ibrahim) Potortie & Kremp 1954. 
Diagnosis. See Potonie & Kremp (1954, p. 142). 

Cainptotriletes bucculentus (Loose) Potonie & Kremp 1954. 
Plate 7, figure 3. 

1934 Verrucosi-sporites buccidentus Loose, p. 154, pl. 7, fig. 15. 
1955 Camptotrdetes buccidentus (Loose) Potonie & Kremp, p. 104, p1.16, figs. 287-288. 

Holotype. Potoni6 & Kremp (1955, p1.16, fig. 306). 
Diagnosis. See Potonie & Kremp (1955, p. 104). 
Remarks. For a more complete synonymy see Smith & Butterworth (1967, p. 
199). 

Camptotriletes corrugatus (Ibrahim) Potonie & Kremp 1954. 
Plate 7, figure 8. 

1933 Reticulati-sporites corrugalus Ibrahim, p. 35, p1.5, fig. 41. 
1955 Camptotriletes corrugatus (Ibrahim) Potonie & Kremp, p. 104, p1.16, figs. 289,290. 

Holotype. Ibrahim (1933, p1.5, fig. 41). 

Diagnosis. See Potordi & Kremp (1955, p. 104). 
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11 Camptotriletes superbus Neves 1961. 
Plate 7, figure 2. 

1961 Camptotriletes superbus Neves, p. 257, p1.31, fig. 8. 
Holotype. Neves (1961, p1.31, fig. 8). 
Diagnosis. See Neves (1961, p. 257). 

Camptotriletes triangularis Peppers 1970. 
Plate 7, figure 7. 

1970 Camptotriletes triangularis Peppers, p. 114, p1.10, figs. 1,2, text-fig. 25. 
Holotype. Peppers (1970, p1.10, fig. 1). 

Diagnosis. See Peppers (1970, p. 114). 

Convolutispora Hoffmeister et al. 1955. 

Type species. C. f lorida Hoffineister et a1.1955. 
Diagnosis. See Hoffineister et al. (1955, p. '384). 

Convolutispora cerina Ravn 1979. 
Plate 6, figure 28,29. 

1979 Convolutispora cerina Ravn, p. 32-33, p1.8, figs. 12-15. 
Holotype. Ravn (1979, pl. 8, fig. 12). 
Diagnosis. See Ravn (1989, p. 32). 

Convolutisporaflorida Hoffineister et al. 1955. 
Plate 6, figure 30. . 1955 Convolutisporaflorida Hoffmeister et al., p. 384, p1.38, figs. 5,6. 

Holotype. Hoffineister et al. (1955, pl. 38, fig. 6). 
Diagnosis. See Hoffineister et al. (1955, p. 384). 

Convolutispora mellita Hoffineister et al. 1955. 
Plate 7, figure 4. 

1955 Convolutispora mellita Hoffineister et al., p. 384-385, pl. 38, fig. 10. 
Holotype. Hoffineister et al. (1955, p1.38, fig. 10). 
Diagnosis. See Hoffmeister et al. (1955, p. 384). 
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Convolutispora tessellata Hoffmeister et al. 1955. 
Plate 7, figure 1. 

1955 Convolutispora tessellata Hoffmeister et al., p. 385, pl. 38, fig. 9. 
Holotype. Hoffmeister et al. (1955, pl. 38, fig. 9). 
Diagnosis. See Hoffineister et al. (1955, p. 385). 

Corrugitriletes Mishell ex Turner & Spinner 1992. 

Type species. C. radiatus Turner & Spinner 1992. 
Diagnosis. See Turner & Spinner (1992, p. 18). 

Corrugitriletes radiatus Turner & Spinner 1992. 
Plate 6, figures 26,27. 

1992 Corrugitrletes radiatus Turner & Spinner, p. 18. p1.5, figs. 14. 
Holotype. Turner & Spinner (1992, p1.5, fig. 1). 
Diagnosis. See Turner & Spinner (1992, p. 18). 

Cordylosporites Playford and Satterthwaite 1985. 

Type species. C. sepositus Playford and Satterthwaite 1985. 
Diagnosis. See Playford & Satterthwaite (1985, p. 144). 
Remarks. Several species of trilete, acamerate, azonate, reticulate 
Carboniferous miospores have been recognised which bear a secondary 
ornament associated with the junctions of the muri. The erection of 
Cordylosporites by Playford and Satterthwaite (1985) to accomodate reticulate 
miospores with a secondary non-spinose, "crestal" ornament will necessitate the 
transferrence of several of these taxa. 

Cordylosporites karadenizensis (Artuz) comb. nov. emend. 
Plate 7, figure 23. 

1957 Reticulatisporites karadenizensis Artüz, p. 247, pl. 4, fig, 24. 
1963 Dictyotriletes karadenizensis Owens, p. 136, pl. 12, fig. 2. 

Holotype. Artuz (1957, pl. 4, fig. 24). 
Emended Diagnosis. Trilete, radial, acamerate, azonate miospores with 
circular to sucircular equatorial outline. Trilete mark straight, simple, two 
thirds radius, often obscured by ornament. Reticulate ornament on proximal 
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and distal surfaces. Muri densely set, 4-7p wide, 2.5-5p high with a'barrel-like" 
shape; peltate (mushroom-shaped) processes developed upon the junctions of 
the reticulum, processes up to 3u high and 5-9p in diameter, more or less 

circular in diameter. Lumina irregular in size, laevigate, less than 10ur in 
diameter. 

Remarks. Artuz (1957) did not indicate the presence of peltate processes in his 
diagnosis. The processes are, however, visible on the photograph of the 
holotype, particularly on the right hand side of the specimen and, in plan view, 
over the body of the specimen. 

Dictyotriletes Naumova ex Potonie & Kremp emend. Ravn 1986. 

Type species. D. bireticulatus (Ibrahim) Potoni6 & Kremp emend. Smith & 
Butterworth 1967. 
Diagnosis. See Ravn (1986, p. 90). 
Remarks. The structural relationship between this genus and Reticulatisporites 
Ibrahim emend. Neves 1964a is discussed under the section relating to that 

genus. 
Potoni6 & Kremp (1954,1955) regarded the proximal and distal distribution of 
sculpture as a character of generic significance for most trilete miospore genera. 
However, in considering Dictyotriletes they failed to apply this distinction. In 

selecting D. bireticulatus as the type species they chose a form in which the 

reticulum is clearly restricted to the distal surface. Smith & Butterworth (1967) 

suggested that Dictyotriletes be emended to exclude forms with proximal and 
distal reticulation and Ravn (1986) achieved this. The acceptance of this 

emendation necessitates the transferrance of many species to a genus of trilete, 

acamerate, azonate miospores with a similar style of reticulation distributed 

proximally and distally, Reticulitriletes Mädler emend. being suitable. 

Dictyotriletes bireticulatus (Ibrahim) emend. Smith & Butterworth 1967. 
Plate 7, figure 20. 

1932 Sporonites bireticulatus Ibrahim in Potonie et al., p. 447, p1.14, fig. 1. 
1954 Dictyotriletes bireticulatus (Ibrahim) Potonie & Kremp, p. 108. 
1967 Dictyotriletes bireticulatus (Ibrahim) Potoni6 & Kremp emend. Smith & Butterworth, p. 

194, p1.11, figs. 14,15. 

Holotype. Potoni6 & Kremp (1955, pl. 16, fig. 296). 
Diagnosis. See Smith & Butterworth (1967, p. 194). 
Remarks. For a more complete synonymy see Ravn (1986, p. 90). 
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Dictyotriletes probireticulatus Butterworth & Mahdi 1982. 
Plate 7, figure 19. 

1982 Dictyotriletes probireticulatus Butterworth & Mahdi, p. 490, p1.1, figs. 11-13. 
Holotype. Butterworth & Mahdi (1982, p1.1, fig. 11). 

Diagnosis. See Butterworth & Mahdi (1982, p. 490). 

Foveosporites Balme 1957. 

Type species. F. canalis Balme 1957. 
Diagnosis. See Balme (1957, p. 17). 

Foveosporites sp. A. 
Plate 7, figure 22. 

Description. Miospores radial, trilete, acamerate. Laesurae straight, 
accompanied by low labra less than 2u wide and less than 1p high, reaching to, 

or almost to, equator and often accompanied by curvaturae perfectae. 
Equatorial outline circular to subcircular. Proximal and distal exoexine 
ornamented with circular, subcircular and rounded-elongate fovae, 1u across 
and up to 4p long. Fovae not reduced on contact face. Exoexine between fovae 
laevigate. Size of miospores 47(50)54p; 4 specimens. 
Comparison. Anafoveosporites avcinii (Ravn & Fitzgerald) Ravn 1986 and 
"Foveosporites" pertusus Gueinn 1969 MS. both appear similar but have fovae 

restricted to the distal surface and a more strongly developed equatorial 
curvatural feature. F. pertusus ought to belong to the genus Anafoveosporites 
Ravn 1986. 

Marasmosporites gen nov. 

Type species. M. serniesus sp. nov. 
Diagnosis. Miospores radial, trilete, acamerate. Equatorial outline rounded 
triangular, sides straight or slightly convex or concave. Proximally laevigate. 
Distal ornament of irregular vermiculae of variable widths which anastomose 
to form a negative reticulum. Elements between vermiculae granulate, 
vermiculate and/or muronate, flat topped and all of the same height. 
Vermiculae rarely, if ever, approach the equator. 
Derivation of name. Gr. marasmos - to wither away, and, in a modern sense, the 

wasting away of the body; in reference to the decayed appearence of the distal 

exoexine. 
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Comparison. Convolutispora Hoffmeister et al. 1955 has proximal and distal 

muri. Anafoveosporites (Ravn & Fitzgerald) Ravn 1986 has distal fovae which do 

not coalesce into a reticulum. 

Alarasmosporites semiesus sp. nov. 
Plate 6, figure 25. 

Diagnosis. Miospores radial, trilete, acamerate. Equatorial outline rounded 
triangular, sides straight or slightly convex or concave. Proximally laevigate. 
Distal ornament of irregular vermiculae of variable widths which anastomose 
to form a negative reticulum. Elements between vermiculae granulate, 
vermiculate and/or muronate, flat topped and all of the same height. 
Vermiculae rarely, if ever, approach the equator. Miospore diameter 
25(28.2)30u; 20 specimens. 
Derivation of name. L. semiesus - half-eaten; in reference to the eaten or 
corroded appearence of the distal exoexine. 
Type locality. 44/22-1, southern North Sea. 

Type horizon. Coal in core at 11424'; middle Duckmantian. 
Holotype. Plate 6, figure 25. 
Comparison. See under generic Comparison. 

Microreticulatisporites Knox emend. Potonie & Kremp 1954. 

Type species. M. lacunosus (Ibrahim) Knox ex Potoni6 & Kremp 1954. 
Diagnosis. See Potonie & Kremp (1954, p. 143). 
Remarks. Potonie & Kremp (1954) validated the genus by photographic 
illustration of the type species. Unfortunately the type species (M. lacunosus) 
has an ornament which is microfoveolate rather than dearly microreticulate. In 

view of this, Microreticulatisporites appears to partially overlap with the 

concepts of the genera Foveotriletes van der Hammen ex Potonie 1956 and 
Foveosporites Balme 1957. Many species have sculpture intermediate between 
these genera (Ravn 1986,1991). With this in mind, the following species 
maintained within Microreticulatisporites where there is an historical precedent, 
pending systematic clarification of the genera. 

Microreticulatisporites harrisonii Peppers 1970. 
Plate 7, figure 12. 

1970 Microreticulatisporites harrisonii Peppers, p. 110, p1.9, fig. 1. 

Holotype. Peppers (1970, pl. 9, fig. 1). 
Diagnosis. See Peppers (1970, p. 110. ). 
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Microreticulatisporites hortonensis Playford 1964. 
Plate 7, figure 9. 

1964 Microreticulatisporites lwrtonensis Playford, p. 28, p1.8, figs. 3,4. 
Holotype. Playford (1964, pl. 8, fig. 3). 
Diagnosis. Playford (1964, p. 28). 

Microreticulatisporites microreticulatus Knox 1950. 
1950 Microreticulatisporites microreticulatus Knox, p. 321. 

Neotype. Smith & Butterworth (1967, p1.11, fig. 5). 
Diagnosis. See Butterworth & Williams (1958, p. 367). 

Microreticulatisporites cf. microreticulatus . 
" Plate 7, figure 10. 

Remarks. Specimens are larger than the type (40(55)60p); 15 specimens, but bear 
an almost identical miroreticulate sculpture. 

Microreticulatisporites nobilis (Wither) Knox 1950. 
Plate 7, figures 5,6. 

1934 Sporites nobilis Wicher, p. 186, pl. 8, fig. 3. 
1950 Microreticulatisporites nwbilis (Wither) Knox, p. 321, p1.18, fig. 242. 

Holotype. Potonie & Kremp (1955, p1.15, fig. 279). 
Diagnosis. See Potonie & Kremp. (1955, p. 101). 

Microreticulatisporites punctatus Knox 1950. 
Plate 7, figure 11. 

1950 Microreticulatisporites punctatus Knox, p. 321. 
Neotype. Smith & Butterworth (1967, p1.11, figs. 12,13). 
Diagnosis. See Butterworth & Williams (1958, p. 368). 

Reticulitriletes Mädler 1964 emend. 

Type species. R. globosus Mädler 1964. 
Emended Diagnosis. Miospores radial, trilete, azonate, acamerate, circular or 
sub-circular in equatorial outline. Trilete rays simple, straight. Proximal and 
distal surfaces ornamented with a comprehensive reticulate sculpture of muri 
with height equal to or greater than their width, enclosing more or less 

polygonal lumina of greater width than the nuri. Reticulum may be imperfect 

and may be reduced or absent from areas in the immediate vicinity of the trilete 
mark. 
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Remarks. The above emended diagnosis follows closely that of the emendation 
by Ravn (1986). It differs in the indication that the muri may be greater in 
height than width. See discussion under Dictyotriletes Naumöva ex Potoni6 & 
Kremp emend. Ravn 1986 above. 

Reticulitriletes areolatus Guennel comb. nov. 
Plate 7, figure 14. 

1958 Reticulatisporites areolatus Guennel, p. 83-84, pl. 6, fig. 7, text-fig. 19. 

Holotype. Guennel (1958, text-fig. 19). 
Diagnosis. See Guennel (1958, p. 83). 

Reticulitriletes distortus (Peppers) Ravn 1986. 
1970 Dictyotriletes distortus Peppers, p. 112, pl. 9, figs. 9-11, text-fig. 24. 
1986 Reticulitriletes distortus (Peppers) Ravn, p. 53, p1.25, fig. 14. 

Holotype. Peppers (1970, p1.9, fig. 9). 
Diagnosis. See Peppers (1970, p. 112). 

Reticulitriletes aff. distortus 
Plate 7, figure 15. 

Remarks. Specimens are slightly larger (32(35.5)40p; 10 specimens) than the 
type material and have more numerous muri which are slightly more densely 

set. 

Reticulitriletes falsus (Potonie & Kremp) Ravn 1986. 
Plate 7, figure 16. 

1955 Dictyotriletes falsus Potonie & Kremp, p. 109, p1.16, figs. 303,304. 
1986 Reticulitrletes falsus (Potoni6 & Kremp) Ravn, p. 54, pl. 25, figs. 10-12. 

Holotype. Potoni6 & Kremp (1955, p1.109, fig. 303). 
Diagnosis. See Potoni6 & Kremp (1955, p. 109). 

Reticulitriletes mediareticulatus (Ibrahim) Ravn 1986. 
Plate 7, figure 13- 

1933 Reticulati-sporites mediareticulatus Ibrahim, p. 34, p1.7, fig. 62. 
1955 Dictyotriletes mediareticulatus (Ibrahim) Potonie & Kremp, p. 110, p1.16, figs. 314,315. 
1%7 Dictyotriletes mediareticulatus Potonie & Kremp emend. Smith & Butterworth, p. 197, 

p1.11, figs. 22-24. 
1986 Reticulitriletes mediareticulatus (Ibrahim) Ravn, p. 54, pl. 25, figs. 5,6. 

Holotype. Potonie & Kremp (1955, p1.16, fig. 314). 
Diagnosis. See Smith & Butterworth (1967, p. 197). 
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Reticulitriletes inuricatus (Kosanke) comb. nov. 
Plate 7, figure 18. 

1950 Reticulati-sporites muricatus Kosanke, p. 27, p1.4, fig. 7. 
1%7 Dictyotrietes muricatus (Kosanke) Smith & Butterworth, p. 197-198, pl. 4, fig. 7. 

Holotype. Kosanke (1950, pl. 4, fig. 7). 

Diagnosis. See Kosanke (1950, p. 27). 

Reticulitriletes reticulocingulum (Loose) Ravn 1986. 

Plate 7, figure 17. 
1932 Sporonites reticulociugul um Loose in Potonie et al., p. 450, p1.18, fig. 41. 
1%7 Dictyotriletes reticulocingulum (Loose) Smith & Butterworth, p. 198, p1.11, figs. 27-29. 
1986 Reticulitriletes reticulocingulum (Loose) Ravn, p. 54, pl. 25, figs. 7-9. 

Holotype. Potonie & Kremp (1955, p1.16, fig. 306). 
Diagnosis. See Potoni6 & Kremp (1955, p. 113). 
Remarks. For a more complete synonymy see Ravn (1986, p. 54). 

Subturma ZONOTRILETE. S Waltz in Naumova 1939. 
Infraturma AURICULATI Schopf emend. Dettmann 1963. 

Ahrensisporites Potonie & Kremp 1954. 

Type species. A. guerickei (Horst) Potonie & Kremp 1954. 
Diagnosis. See Potonie & Kremp (1954, p. 155). 

Ahrensisporites guerickei (Horst) Potoni6 & Kremp ex Horst 1955. 
Plate 7, figure 26. 

1943 Trletes guerickei Horst, pl. 7, figs. 58,59,61-64. 
1954 Ahrensisporites guerickei (Horst) Potonie & Kremp, p. 155. 
1955 Ahrensisporites guerickei (Horst) Potonie & Kremp ex Horst, p. 178, p1.23, figs. 58,59, 

61-64. 

Holotype. Horst (1955, p1.23, fig. 63). 
Diagnosis. See Horst (1955, p. 178). 
Remarks. Potonie & Kremp (1954) sought to validate this species invalidly 

presented by Horst (1943) in an unpublished doctoral thesis. However, they 
failed to figure a Holotype. The species was not validly published until Horst 
(1955) figured the Holotype. 
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Ahrensisporites ornatus (Neves) Ravn 1986. 
Plate 7, figure 27. 

1961 Alirensisporites guerickei var. oruatus Neves, p. 263, pl. 32, fig. 11. 
1986 Ahrensisporites ornatus (Neves) Ravn, p. 96, pl. 27, figs. 8-10. 

Holotype. Neves (1961, p1.32, fig. 11). 

Diagnosis. Neves (1961, p. 263). 
Remarks. As A. guerickei var. guerickei 1961 and A. guerickei var. ornatus Neves 
1961 do not appear to intergrade morphographically (Ravn, 1986) and have 
different (although overlapping) stratigraphic ranges (Neves, 1961; Ravn, 1986), 
Ravn (1986) considered them to be distinct species and raised the latter to 
specific status. 

Ahrensisporites sinus Neves 1959 MS. 
Plate 7, figures 21,25. 

1959 Alirensisporites sinus Neves, p. 107-108, pl. 13, figs. 1-9 (unpublished thesis). 
Holotype. Neves (1959, p1.13, fig. 1). 
Diagnosis. See Neves (1959, p. 107). 
Remarks. The species remains ineffectively published. 

Tripartites Schemel 1950. 

Type species. T. vetustus Schemel 1950. 
Diagnosis. See Schemel (1950, p. 242). 
Remarks. Jansonius & Hills (1976, card 2030) and Ravn (1991, p. 76) consider 
Tripartites to be a junior synonym of Platyptera Naumova ex Schulz 1967. 
However, given the differences between the diagnoses, it is here considered 
desirable to maintain the two genera as seperate until the Russian type material 
of Platyptera and the American type material of Tripartites can be directly 

compared. 

Tripartites nonguerickei Potorti6 & Kremp ex Smith & Butterworth 1967. 
Plate 8, figure 4. 

1943 Triletes (Zonales) guerickei Horst, pl. 7, fig. 60 (unpublished thesis). 
1955 Ahrensisporites guerickei Potonie & Kremp acct. non. Horst, p. 178, p1.23, fig. 60. 
1956 Tripartites nontguerickei Potonie & Kremp, p. 92. 
1%7 Tripartites nonguerickei Potonie & Kremp ex Smith & Butterworth, p. 207-208, p1.13, 

figs. 1-3. 

Holotype. Horst (1955, pl. 23, fig. 60). 
Diagnosis. See Smith & Butterworth (1967, p. 207). 
Remarks. The specimen figured as Ahrensisporites guerickei by Horst (1955) was 
selected by Potoni6 & Kremp (1956) as the type for this species. However, they 
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failed to provide a diagnosis. The species was validated by the publication of a 
diagnosis by Smith & Butterworth (1967). 

Tripartites vetustus Schemel 1950. 
Plate 8, figure 5. 

1950 Tripartites vetustus Schemel, p. 242, pl. 40, fig. 11. 

Holotype. Schemel (1950, p1.40, fig. 11). 
Diagnosis. See Schemel (1950, p. 242). 

Triquitrites Wilson & Coe emend. Potonie & Kremp 1954. 

Type species. T. arculatus Wilson and Coe 1940. 
Diagnosis. See Potonie & Kremp (1954, p. 153). 

Triquitrites protensus Kosanke 1950. 
Plate 7, figure 28. 

1950 Triquitrites p otensus Kosanke, p. 40, p1.8, fig. 2. 
Holotype. Kosanke (1950, pl. 8, fig. 2). 
Diagnosis. See Kosanke (1950, p. 40). 

Triquitrites sculptilis Balme emend. Smith & Butterworth 1967. 
Plate 8, figures 2,3. 

1952 Triquitrites sculptRis Balme, p. 181, text-fig. 1g. 
1967 Triquitrites sculptilis Balme emend. Smith & Butterworth, p. 204, p1.12, figs. 10-15. 

Lectotype. Smith & Butterworth (1967, p1.12, figs. 10,11), selected by Balme. 
Diagnosis. See Smith & Butterworth (1967, p. 204). 
Remarks. For a more complete synonymy see Smith & Butterworth (1967, p. 
204). 

Triquitrites tribullatus (Ibrahim) Schopf et al. 1944. 

Plate 8, figure 1. 
1932 Sporonites tribullatus Ibrahim in Potonie et al, p. 448, p1.15, fig. 13. 
1944 Triquitrites tribullatus (Ibrahim) Schopf et al., p. 47. 

Holotype. Potonie & Kremp (1955, p1.17, fig. 319). 
Diagnosis. See Potoni6 & Kremp (1956, p. 90). 
Remarks. Ravn (1986) placed several species of Triquitrites as junior synonyms 
of T. tribullatus on the grounds that they were morphologically 
indistinguishable from it. Despite the difficulties created by inter-specific 

gradation within this group of miospores (see Smith & Butterworth, 1967, p. 
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202), several species may be distinguished and have useful stratigraphic 
distributions. Ravn's synonomies are therefore rejected here. 
For a more complete synonymy see Smith & Butterworth (1967, p. 202). 

Infraturma TRICRASSTTI Dettmann 1963. 

Diatomozonotriletes Naumova emend. Playford 1963. 

Type species. D. saetosus (Hacquebard & Barss) Hughes & Playford 1961. 
Diagnosis. See Playford (1963, p. 646). 

Diatomozonotriletes rarus Playford 1963. 
Plate 8, figure 6. 

1%3 Diatowzonotriletes raus Playford, p. 649-650, pl. 93, figs. 15,16, text-fig. 11 e. 

Holotype. Playford (1963, pl. 93, fig. 15). 
Diagnosis. See Playford (1963, p. 649-650). 

Reinschospora Schopf et at. 1944. 

Type species. R. speciosa (Loose) Schopf et al. 1944 (= R. bellitas Bentall, in 
Schopf et al. 1944). 
Diagnosis. See Schopf et al. (1944, p. 52). 

Reinschospora speciosa (Loose) Schopf et a1.1944. 
Plate 8, figure 8. 

1934 Alati-sporites speciosus Loose, p. 151, pl. 7, fig. 1. 
1944 Reinscliospora speciosa (Loose) Schopf et al., p. 53. 
1944 Reinschospora bellita Bentall in Schopf et al., p. 53, fig. 2. 

Holotype. Potonie & Kremp (1956, p1.19, fig. 419). 
Diagnosis. See Potonie & Kremp (1956, p. 132). 

Reinschospora triangularis Kosanke emend. Ravn 1979. 
Plate 8, figure 7. 

1950 Reischospora triangularis Kosanke, p. 43, pl. 9, figs. 6,7- 
1979 Reinschospora triangularis Kosanke emend. Ravn, p. 36, p1.11, figs. 3-6. 

Holotype. Kosanke (1950, pl. 9, figs. 6,7). 
Diagnosis. See Ravn (1979, p. 36). 
Remarks. For a more complete synonymy see Ravn (1986, p. 36). 
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Trinidulus Felix & Paden 1964. 

Type species. T. diamphidios Felix and Paden 1964. 
Diagnosis. See Felix & Paden (1964, p. 330). 
Remarks. This genus is tentatively included in the infraturma TRICRASSTIT as 
it bears distinctive interradial, equatorial structures, although these do not 
; correspond exactly to "sclerine thickenings (inter radial crassitudes) or 
extensions (corona) in the three interradial regions of the equator" as prescribed 
by Dettmann (1963, p. 64). 

Trinidulus diamphidios Felix & Paden 1964. 
Plate 8, figure 21. 

1964 Trinidulus diamphidios Felix & Paden, p. 330, text-figs. 1-4. 
Holoiype. Felix & Paden (1964, text-fig. 1). 
Diagnosis. See Felix & Paden (1964, p. 330). 

Infraturma CINGULATI Potonie & Klaus 1954. 

Bellispores Artuz 1957. 

Type species. B. nitidus Artüz 1957 (= B. bellus Artuz 1957). 
Diagnosis. See Artüz (1957, p. 254). 

Bellispores nitidus (Horst) Sullivan emend Smith & Butterworth 1967. 
Plate 8, figure 20. 

1943 Trdetes nitidus Horst, pl. 8, fig. 81. 
1964 Bellispores nitidus (Horst) Sullivan, p. 375. 
1967 Bellispores nitidus (Horst) Sullivan emend, Smith & Butterworth, p. 225, p1.15, figs. 4-7. 

Holotype. Horst (1955, pl. 24, fig. 81). 

Diagnosis. See Smith & Butterworth (1967, p. 225). 
Remarks. Smith & Butterworth (1967) provided an expanded diagnosis based 

upon the diagnoses given by Horst (1955) and Artuz (1957). In my opinion this 
represents a de facto emendation of the specific diagnosis. 

Knoxisporites Potonie & Kremp emend. Neves & Playford 1961. 

Type species. K hagenii Potonie and Kremp 1954. 
Diagnosis. See Neves & Playford (1961, p. 9). 
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Knoxisporites biceps sp. nov. 
Plate 8, figure 12. 

Diagnosis. Miospores radial, trilete, acamerate, cingulate. Amb more or less 

circular. Laesurae difficult to identify due to presence of identical, distal, 
trilete-like structure. Proximal and distal structures reach to equator and are 
accompanied by well developed, high and narrow tapering labra 8u to 15u high 
at the poles; structures are rotated by 600 with respect to each other. Cingulum 
5p to 12p wide, often with a gradational inner margin. Exoexine laevigate. 
Diameter of miospores 55(60)92p; 20 specimens. 
Derivation of name. L. biceps - two, headed; in reference to the presence of 
proximal and distal triradiate "labra" and the consequent difficulty in 
identifying the proximal face. 
Type locality. Well 44/22-3; southern North Sea. 
Type horizon. Mudstones in core at 11867; early Duckmantian. 
Holotype. Plate 8, figure 12. 
Comparison. Knoxisporites seniradiatus Neves 1961 has distal bars of thickening 

rotated at 60° to the trilete mark, but which are not labrate and which are easily 
distinguishable from the trilete structure. Knoxisporites triradiatus Hoffmeister et 
al. 1955 lacks prominant labra associated with the trilete mark. 

Knoxisporites dissidius Neves 1961. 
Plate 8, figure 13. 

1%1 Knoxisporifes dissidius Neves, p. 266, pl. 33, figs. 4,6. 
Holotype. Neves (1961, pl. 33, fig. 4). 
Diagnosis. See Neves (1961, p. 266). 

Knoxisporites quadratus Butterworth et a1.1988. 
Plate 8, figure 9. 

1988 Knoxisporifes q: ardratus Butterworth et al., p. 73, pl. 5, figs. 2-4,7. 

Holotype. Butterworth et al. (1988, pl. 5, figs. 2,4). 
Diagnosis. See Buttenvorth et al. (1988, p. 71). 

Knoxisporites seniradiatus Neves 1961. 
Plate 8, figure 11. 

1%1 Knoxisporites seniradiatus Neves, p. 267-268, pl. 33, fig. 5. 

Holotype. Neves (1961, pl. 33, fig. 5). 
Diaghnosis. See Neves (1961, p. 268). 
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Knoxisporites stephanephorus Love 1960. 
Plate 8, figure 14. 

1%0 Knoxisporites stephanephorus Love, p. 118, pl. 2, figs. 1,2. 

Holotype. Love (1960, p1.2, fig. 1). 
Diagnosis. See Love (1960, p. 118). 

Knoxisporites triradiatus Hoffineister et al. 1955. 
Plate 8, figure 10. 

1955 Kiwxisporites triradiatus Hoffmeister et al., p. 391, p1.37, figs. 11,12. 

Holotype. Hoffineister et al. (1955, p1.37, fig. 12). 
Diagnosis. See Hoffineister et al. (1955, p. 391). 

Reticulatisporites Ibrahim emend. Neves 1964a. 

Type species. Reticulatisporites reticulatus (Ibrahim) Ibrahim 1933. 
Diagnosis. See Neves (1964a, p. 1066). 
Remarks. Diversity of opinion exists regarding the interpretation of the 
structure of the reticulate genera Reticulatisporites and Dictyotriletes. The 

principal division in opinion concerns the interpretation of Reticulatisporites as 
cingulate or acingulate. Workers who consider Reticulatisporites to be acingulate 
(e. g. Potoni6,1966; Playford & Helby, 1968; Playford, 1971; Urban, 1971; Ravn, 
1986), tend to include azonate reticulate miospores whose muri are higher than 
they are wide in that genus. Dictyotriletes (or more recently Dictyotriletes and 
Reticulitriletes) is (are) then used to accommodate similar miospores whose 
muri are wider than they are high. Workers who consider Reticulatisporites to be 

cingulate (e. g. Neves & Playford, 1961; Hughes et al., 1962; Neves, 1964a; Smith 
& Butttenvorth, 1967) have no need to differentiate the genera on the basis of 
ornament height versus width as the two genera are, in this interpretation, 
fundamentally different in their structure. 
In this account the genus Reticulatisporites is interpreted as cingulate based 

upon the photographs of the type material presented by Neves (1964a), and the 

microtome sections figured by Hughes et al. (1962). Potoni6 & Kremp (1954) 

consider the cingulum of Reticulatisporites to be no more than the equatorial 
expression of the muri of the reticulum. This interpretation can only be 

accepted if species of Reticulatisporites have a continuous equatorial murus such 
that no lumina are seen at the equator. Such a feature would serve to 
differentiate Reticulatisporites from Dictyotriletes and Reticulitriletes. In such case 
the differentiation between a cingulum and a continuous equatorial murus may 
be a semantical one. 
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Reticulatisporites danzei (Agrali) Mishell 1966 MS. 
Plate 8, figures 25,26. 

1965 Knoxisporites danzei Agrali in Agrali et al., p. 174, p1.15, fig. 22. 
1966 Reticulatisporites danzei (Agrali) Mishell, p. 290-291, p1.10, fig. 5 (unpublished thesis). 

Holotype. Agrali et al. (1965, p1.15, fig. 22). 

Diagnosis. See Agrali et al. (1965, p. 174). 

Reticulatisporites polygonalis (Ibrahim) Loose emend. Smith & Butterworth 1967. 
Plate 9, figure 2. 

1932 Sporonites polygon alis Ibrahim in Potoni6 et al., p. 447, p1.14, fig. 8. 
1934 Reticulati-sporites polygonalis (Ibrahim) Loose, p. 155, p1.7, fig. 16. 
1%7 Reticulatisporites polygonalis (Ibrahim) Loose emend. Smith & Butterworth, p. 221, p1. 

14, fig. 13. 
Holotype. Potoni6 & Kremp (1955, p1.16, fig. 318). 
Diagnosis. See Smith & Buttenvoryth (1967, p. 221). 
Remarks. For a more complete synonymy see Smith & Butterworth (1967, p. 
221). 

Reticulatisporites reticulatus (Ibrahim) Ibrahim 1933. 
Plate 9, figure 1. 

1932 Sporonites reticulates Ibrahim in Potonie et al, p. 447, pl. 14, fig. 3. 
1933 Reticulati-sporites reticulatus (Ibrahim) Ibrahim, p. 33, p1.1, fig. 3. 

Holotype. Smith & Butterworth (1967, p1.14, fig. 16). 
Diagnosis. See Potoni6 & Kremp (1955, p. 112). 

Rotaspora Schemel emend. Smith & Butterworth 1967. 

Type species. R. fracta Schemel emend. Smith & Butterworth 1967. 
Diagnosis. See Smith & Butterworth (1967, p. 226). 

Rotaspora knoxii Butterworth & Williams 1958. 
Plate 8, figure 22. 

1958 Rotaspora knoxi Butterworth & Williams, p. 378, p1.3, figs. 21-23. 
Holotype. Smith & Butterworth (1967, p1.15, fig. 15). 
Diagnosis. See Butten%'orth & Williams (1958, p. 378). 
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Rotaspora? xenica Neville in Neves et al. 1973. 
Plate 8, figure 23. 

1973 Rotaspora? xeniaa Neville in Neves dal, p. 38, p1.1, figs. 26,27. 
Holotype. Neves et al. (1973, pl. 1, fig. 26). 
Diagnosis. See Neves et al. (1973, p. 38). 

Savitrisporites Bhardwaj 1955. 

1958 Callisporites Butterworth and Williams, p. 376. 
Type species. S. triangulus Bhardwaj 1955. 
Diagnosis. See Bhardwaj (1955, p. 127). 

Savitrisporites asperatus Sullivan 1964. 
Plate 8, figure 17. 

1964 Savitrisporites asperafus Sullivan, p. 374, pl. 60, figs. 6-8. 

Holotype. Sullivan (1964, p1.60, figs. 7,8). 
Diagnosis. See Sullivan (1964, p. 374). 

Savitrisporites concavus Marshall & Smith 1965. 
Plate 8, figure 18. 

1%5 Savitrisporites concavus Marshall & Smith, p. 661, pl. 99, figs. 9-12. 
1971 Callisporites concavus (Marshall & Smith) Loboziak, p. 55, pl. 7, figs. 27-28. 

Holotype. Marshall & Smith (1965, p1.99, fig. 9). 
Diagnosis. See Marshall & Smith (1965, p. 61). 

Savitrisporites nux (Butterworth & Williams) Sullivan emend. Smith & 
Butterworth 1967. 
Plate 8, figure 19. 

1958 Callisporites nux Butterworth & Williams, p. 377, pl. 3, figs. 24,25. 
1964 Savitrisporites nux (Butterworth & Williams) Sullivan, p. 373, pl. 60, figs. 1-5. 
1967 Savitrisporites nux (Butterworth & Williams) Sullivan emend. Smith & Butterworth, p. 

23, pl. 15, figs. 1-3. 

Lectotype. Smith & Butterworth (1967, p1.15, figs. 1,2). 
Diagnosis. See Smith & Butterworth (1967, p. 224). 

Savitrisporites semotus sp. nov. 
Plate 8, figures 15,16. 

Diagnosis. Trilete, radial, acamerate, cingulate 'miospores. Amb broadly 
rounded triangular, - interradial margins convex. Laesurae straight, simple, 
reaching to cingulum. Proximal and distal ornament of discrete, blunt or 
rounded baculae- and verrucae-like elements, 3µ to 8p in diameter and 2u to 6p 
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in height. Cingulum principally laevigate but with faintly developed 
ornamental elements at the equator giving an irregular outline to the spore. 
Size of miospores 42(53.1)60p; 10 specimens. 
Derivation of name. L. semotus - distinct, seperate; in reference to the discrete 
ornamental elements. 
Type locality. Well 44/22-1, southern North Sea. 
Type horizon. Coal in core at 11422; middle Duckmantian. 
Holotype. Plate 8, figure 16. 
Comparison. Differentiated from other species of Savitrisporites by the isolated 
nature of the distal ornamental elements which do not coalesce at their bases 
and are not arranged into more-or-less parallel bands. Dictyotriletes camptotus 
Alpern 1960 has a cingulum and a regular distal reticulum formed by 
anastomosing verrucate ornament. This species should probably be transferred 
to the genus Bascaudaspora Owens 1983. 

Stenozonotriletes Naumova ex Ischenko emend. Potonie 1958. 

Type species. S. confonnis Naumova 1953. 
Diagnosis. See Potonie (1958, p. 25). 

Stenozonotriletes coronatus Sullivan & Marshall 1966. 
Plate 8, figure 24. 

1966 Stenozonotriletes Coronatus Sullivan & Marshall, p. 273, p1.3, figs. 1-5. 
Holotype. Sullivan & Marshall (1966, pl. 3, fig. 2). 
Diagnosis. See Sullivan & Marshall (1966, p. 273). 

Stenozonotriletes lycosporoides (Butterworth & Williams) Smith & Butterworth 
1967. 

Plate 9, figure 8. 
1958 Anulatisporites lyaosporoides Butterworth & Williams, p. 378, pl. 3, figs. 28,29. 
1%7 Stenozonotriletes lycosporoides (Butterworth & Williams) Smith & Butterworth, p. 218, 

p1.14, figs. 5,6. 

Holotype. Butterworth & Williams 1958 (p1.3, fig. 28). 
Diagnosis. See Butterworth & Williams (1958, p. 378). 

Stenownotriletes perforatus Playford 1962. 

Plate 9, figure 4. 
1962 Stenozonotriletes perforatus Playford, p. 607, pl. 86, figs. 8,9, text-fig. 5e. 

Holotype. Playford (1962, p1.86, fig. 8). 
Diagnosis. See Playford (1962, p. 607). 
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Infraturma PSEUDOCINGULATI Neves 1961. 

Secarisporites Neves 1961. 

Type species. S. lobatus Neves 1961. 
Diagnosis. See Neves (1961, p. 260). 

Secarisporites rernotus Neves 1961. 
Plate 9, figures 3,7. 

1%1 Secarisporites remotus Neves, p. 262, pl. 32, figs. 8,9. 
Holotype. Neves (1961, p1.32, fig. 9). 
Diagnosis. See Neves (1961, p. 262). 

Secarisporites cf. remotus 
Plate 9, figure 6. 

Remarks. Specimens are similar in size to those of the type but do not have the 
isolated lobate elements, the 'pseudocingulum' being usually well developed 
and rarely disrupted by invaginations. 

Infraturma PATINATI Butterworth & Williams emend. Smith & Butterworth 
1967. 

Archaeozonotriletes Naumova emend. Allen 1965. 

Type species. A. variabilis Naumova emend Allen 1965. 
Diagnosis. See Allen (1965, p. 721). 

Archaeozonotriletes variabilis Naumova emend. Allen 1965. 
Plate 9, figure 5. 

1953 Archaeozonotriletes variabilis Naumova, p. 30, pl. 2, figs. 12,13, p1.12, figs 8-11. 
1%5 Archaeozonotriletes wariabilis Naumova emend. Allen, p. 721-722, pl. 100, fig3.3-6. 

Holotype. Naumova (1953, p1.2, fig. 12). 
Diagnosis. See Allen (1965, p. 721). 
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Infraturma ZONAn Potonie & Kremp 1954. 

Fragilipollenites Konyali ex Konyali emend. Lentin 1971 MS. 

Type species. F. radiatus Konyali ex Konyali emend. Lentin 1971 MS. 
Diagnosis. See Lentin (1971, p. 221). 

Fragilipollenites radiatus Konyali ex Konyali emend. Lentin 1971 MS. 
Plate 9, figure 13. 

1963 Fragilipollenites radiatus Konyali, p. 63, p1.11, fig. 3 (unpublished thesis). 
1%5 Fragilipollenites radiatus Konyali ex Konyali in Agrali et al., p. 180, p1.16, fig. 24. 
1971 Fragilipollenites radiatus Konyali ex Konyali emend. Lentin, p. 222, p1.12, fig. 6 

(unpublished thesis). 
Holotype. Agrali et al. (1965, p1.16, fig. 24). 
Diagnosis. See Lentin (1971, p. 222). 

Kraeuselisporites Leschik emend. Scheuring 1974. 

Type species. K. dentatus Leschik emend. Scheuring 1974. 
Diagnosis. See Scheuring (1974, p. 199). 

Kraeuselisporites? crassus sp. nov. 
Plate 9, figures 9,10,11. 

Diagnosis. Radial, trilete, acamerate, zonate and cingulate miospores. Outline 

convexely rounded triangular. Laesurae straight, accompanied by well 
developed labra, c. 2.5y wide, reaching to inner margin of cingulum. Cingulum 

well developed, 5p to l0µ wide, usually of uniform thickness, but may taper 
towards the equator. Zona variably developed on different specimens, up to 
10u wide, occasionally virtually absent. Proximal exine punctate. Distal 

ornament of coni and galae, 1p to 2.5p wide and lp to 2p high; spinose tops to 

galae very thin and slender, less than 0.5u wide and c. 1u high, often broken off; 
distal ornament evenly distributed on cingulum and inner area of spore, but 

rare or absent on zona. Size of miospores 50(69.7)75p; 20 specimens. 
Derivation of name. L. crassus - thickening; with reference to the prominent 
sub-equatorial crassitude. 
Type locality. Well 44/22-3; southern North Sea. 
Type horizon. Mudstones in sidewall core at 11558'; middle Duckmantian. 
Holotype. Plate 9, figures 9,10. 
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Comparison. Published species of Kraeuselisporites do not have a well 
developed cingulum. Kraeuselisporites pseudoornatus sp. nov. has a distal 

ornament of long spinae. 
Remarks. The taxonomic placement of this species is questionable as the 
presence of a cingulum is not usual within the genus Kraeuselisporites. 

Kraeuselisporites echinatus Owens et al. 1966. 
Plate 9, figure 15. 

1966 Kraeuselisporites echinatus Owens et al., p. 148-153, p1.1, figs. 1-6, pl. 2, fig. 1, text-fig. 1. 
Holotype. Owens et al. (1966, p1.1, fig. 2). 
Diagnosis. See Owens et al. (1966, p. 150-152). 

Kraeuselisporites ornatus (Neves) Owens et al. 1966. 
Plate 9, figure 16. 

1%1 Cirratriradites ornatus Neves, p. 269, pl. 33, fig. 3. 
1966 Kraeuselisporites orwatus (Neves) Owens et al., p. 153-154, pl. 2, figs. 2-4. 

Holotype. Neves (1961, p1.33, fig. 3). 

Diagnosis. See Owens et al. (1966, p. 153-154). 

Kraeuselisporites? pseudoornatus sp. nov. 
Plate 9, figures 12,14. 

Diagnosis. Radial, trilete, acamerate, zonate and cingulate miospores. Outline 

convexely rounded triangular. Laesurae straight, accompanied by well 
developed labra, c. 2.5µ wide, reaching to inner margin of cingulum. Cingulum 

well developed, 10u to 18p wide, usually of uniform thickness, but may taper 
towards the equator. Zona variably developed on different specimens, up to 
15p wide. Exine laevigate or punctate. Distal ornament of prominent, tapering 

spinae, Ip to 2.5p wide at their bases and 5p to 16p long; most strongly 
developed on the cingulum and zone. Size of miospores 50(69.7)75p; 20 

specimens. 
Derivation of name. The name refers to the superficial resemblence of this 
species to Kraeuselisporites ornatus (Neves) Owens et a1.1966. 
Type locality. Well 44/22-4; southern North Sea. 
Type horizon. Siltstones in core at 12155'; early Duckmantian. 
Holotype. Plate 9, figure 14. 
Comparison. Published species of Kraeuselisporites do not have a well 
developed cingulum. Kraeuselisporites crassus sp. nov. has a distal ornament of 
coni and galae. 
Remarks. The taxonomic placement of this species is questionable as the 

presence of a cingulum is not usual within the genus Kraeuselisporites. 
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Suprasubturma CAMBRATITRILETTES Neves & Owens 1966. 
Subturma SOLUTITRILETES Neves & Owens 1966. 

Infraturma PLANATI Neves & Owens 1966. 

Auroraspora Hoffmeister et al emend. Richardson 1960. 

Type species. A. solisortus Hoffineister et al. 1955. 
Diagnosis. See Richardson (1960, p. 49). 

Auroraspora? pickerillensis sp. nov. 
Plate 10, figure 5,6. 

Diagnosis. Radial, trilete, camerate miospores. Amb subcircular to oval. Trilete 
rays-slightly flexuous, accompanied by narrow tapering labra, c. lp wide, 
reaching to equator. Intexine circular to sucircular, laevigate, two thirds to three 
quarters of spore diameter. Intexine and exoexine attatched only in the region 
of the, trilete rays. Exoexine thin,. membranous, frequently folded; densely 
punctate giving an appearence of infrareticulation or granulation. No 
curvaturae developed. Size of miospores 59(69.8)82p 
Derivation of name. Named after the Pickerill Field in which the species was 
first recognised by McLean & Neves (1993)a. 
Type locality. Well 44/22-1, southern North Sea. 
Type horizon. Mudstones in core at 11878'; early Duckmantian. 
Holotype. Plate 10, figure 5. 
Comparison. A? pseudogranulata is larger and has a smaller intexine. Other 
species of Auroraspora do not have the distinctive punctate exoexine. 
Remarks. The species is only questionably assigned to the genus Auroraspora as 
the distinctive, intense granular appearence of the exoexine is uncharacteristic 
of the genus. For further comments see under A? pseudoreticulata. 

Auroraspora? pseudogranulata. (Neves) emend. 
Plate 10, figures 1,2. 

1959 Auroraspora pseudogranulafa Neves, p. 158, pl. 21, fig. 8 (unpublished thesis). 
Holotype. Neves (1959, pl. 21, fig. 8). 

Emended Diagnosis. Trilete, camerate miospores with a circular to rounded 
triangular equatorial outline. Trilete rays straight, simple, up to three quarters 
spore radius, labra, if present, up to 1p wide. Intexine circular to sucircular, 
laevigate, one half to one quarter spore diameter. Intexine and exoexine 
attatched only in the region of the trilete rays. Exoexine thin, membranous, 
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frequently folded; densely infrapunctate giving an appearence of 
infrareticulation or granulation. No curvaturae developed. 
Remarks. The above is an expansion of the diagnosis given by Neves (1959) in 
his doctoral thesis. 
Remarks. The species is only questionably assigned to the genus Auroraspora as 
the distinctive, intense granular appearence of the exoexine is uncharacteristic 
of the genus. The genus Playfordiaspora Maheshwari & Banerji 1975 may 
accommodate this species (Graeham Dolby, pers. comm. ). However, 
Maheshwari & Banerji (1975, p. 158) indicate that Playfordiaspora only appears 
monosaccate but actually has an equatorial flange-like development (i. e. a 
zona). However, the type species of the genus (P. cancellosa (Playford & 
Dettmann) Maheshwari & Banerji 1975) was originally placed in the genus 
Guthoerlisporites Bhardwaj 1954 by Playford & Dettmann (1965, p. - 147) which is 

reserved for circular monosaccate species. Examination of the original 
illustrations of the holotype of P. cancellosa (Playford & Dettmann (1965, p1.14, 
fig. 4)) indicates that the species is probably camerate, rather than saccate or 
zonate. Playford & Dettman s (1965) interpretation as saccate is possibly due to 

'the presence of intense infrapunctation, appearing as infrareticulation, in the 
type material. If this proves to be the case, and Playfordiaspora is camerate rather 
than zonate, then emendation of the genus to this effect would provide a 
suitable generic repository for A? pseudogranulata and A? pickerillensis. 

Auroraspora solisortus Hoffmeister et al. 1955. 
Plate 10, figure 7. 

1955 Auroraspora solisortus Hoffineister et al., p. 381, pl. 37, fig. 3. 
Holotype. Hoffineister et al. (1955, pl. 37, fig. 3). 
Diagnosis. See Hoffineister et al. (1955, p. 381). 

Auroraspora velata (Felix & Burbridge) Ravn 1991. 
Plate 10, figures 3,4.. 

1967 Cystoplychus velatus Felix & Burbridge, p. 413, pl. 63, fig. S. 
1991 Auroraspora velata (Felix & Burbridge) Ravn, p. 23, pl. 28, figs. 14-16. 

Holotype. Felix & Burbridge (1967, pl. 63, fig. 5). 
Diagnosis. See Felix & Burbridge (1967, p. 413). 
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Endosporites Wilson and Coe 1940. 

Type species. E. globrforrnis (Ibrahim) Schopf et al. 1944 (= E. ornatus Wilson and 
Coe 1940). 
Diagnosis. See Wilson & Coe (1940, p. 184). 

Endosporites consrus Mishell 1966 MS. 
Plate 10, figures 11,12. 

1966 Endosporites conarus Mishell, p. 319, pl. 13, figs. 3,4 (unpublished thesis). 
Holotype. Mishell (1966, p1.13, fig. 3). 
Diagnosis. See Mishell (1966, p. 319). 
Remarks. The species remains ineffectively published. 

Endosporites globiformis (Ibrahim) Schopf et al. 1944. 
Plate 10, figure 9. 

1932 Sporonites globiforinis Ibrahim in Potonie et al., p. 447, pl. 14, fig. S. 
1944 Endosporites globiformis (Ibrahim) Schopf et al., p. 45. 

Holotype. Potoni6 & Kremp (1956, pl. 20, fig. 459). 
Diagnosis. See Potoni6 & Kremp (1956, p. 161). 
Remarks. For a more complete synonymy see Ravn (1986, p. 77). 

Endosporites pyginaeus sp. nov. 
Plate 10, figure 8. 

Diagnosis. Radial, trilete, camerate mispores. Amb subcircular to convexely 
rounded triangular. Laesurae straight or flexuous, accompanied by tapering 
labra, lu to 2u high, terminating in curvaturae perfectae which forms an 
equatorial limbus. Intexine two thirds to three quarters of spore diameter, 
laevigate. Exoexine infrapunctate and may be finely granulate. Proximal 

surface over intexine usually laevigate but may be punctate or faintly 

granulate. Size of miospores 32(36)42p; fifteen specimens. 
Derivation of name. L. pygrnaeus - pygmy; in reference to the small size of the 
species. 
Type locality. Well 44/22-1, southern North Sea. 
Type horizon. Mudstones in core at 11414.9; early Duckmantian. 
Holotype. Plate 10, figure 8. 
Comparison. Endosporites ininutus Hoffineister et al. 1955 is larger in diameter 
(greater than 40p) and has a relatively larger intexine (25-30p, i. e. two thirds of 
the exoexine diameter). 
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Endosporites zonalis (Loose) Knox 1950. 
Plate 10, figure 10. 

1934 Zonales-sporites zonalis Loose, p. 148, pl. 7, fig. 5. 
1950 Endosporites zonalis (Loose) Knox, p. 332. 

Holotype. Potonie & Kremp (1956, p1.20, fig. 455). 
Diagnosis. See Potonie & Kremp (1956, p. 163). 
Remarks. For a more complete synonymy see Ravn (1986, p. 77). 

Spencerisporites Chaloner 1951. 

Type species. S. radiatus (Ibrahim) Felix and Parks 1959. 
Diagnosis. See Chaloner (1951, p. 861). 

Spencerisporites radiattus (Ibrahim) Felix & Parks 1959. 
Plate 12, figure 1. 

1932 Sporonites radiahus Ibrahim in Potoni6 et al., p. 449, pl. 16, fig. 25. 
1934 Triletes karczewskii Zerndt, p. 27, pl. 31, fig. 3. 
1951 Spencerisporites karczewskii (Zerndt) Chaloner, p. 862, text-figs. 1,2,6,7. 
1959 Spencerisporites radiatus (Ibrahim) Chaloner; Felix & Parks, p. 362, p1.1, figs. 1-4, pl. 2, 

figs. 1-4. 

Holotype. Potoni6 & Kremp (1955, p1.20, fig. 400). 
Diagnosis. See Chaloner (1951, p. 862, for S. karczewskir). 
Remarks. For a more complete synonymy see Ravn (1986, p. 76). 

Infraturma DECORATI Neves & Owens 1966. 

Grandispora Hoffmeister et al. emend Neves & Owens 1966. 

Type species. G. spinosa Hoffmeister et al. 1955 
Diagnosis. See Neves & Owens (1966, p. 346). 

Grandispora spinosa Hoffineister et al. 1955. 
Plate 10, figure 15. 

1955 Grandispora spinosa Hoffineister et al., p. 388, pl. 39, figs. 10,14. 
Holotype. Hoffineister et al. (1955, p1.39, fig. 10). 
Diagnosis. See Hoffineister et al. (1955, p. 388). 
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Grumosisporites Smith & Butterworth 1967. 

Type species. G. verrucosus (Butterworth and Williams) Smith & Butterworth 
1967. 
Diagnosis. See Smith & Butterworth (1967, p. 228). 

Grumosisporites papillosus (Ibrahim) emend Smith & Butterworth 1967. 
Plate 10, figure 13. 

1933 Verrucosi-sporites papfflosus Ibrahim, p. 25, p1.5, fig. 44. 
1%7 Grumosisporites papillosus (Ibrahim) emend. Smith & Butterworth, p. 230, p1.16, figs. 9- 

13. 

Holotype. Potonie & Kremp (1955, p1.13. fig. 206). 
Diagnosis. Smith & Butterworth (1967, p. 230). 

Grumosisporites varioreticulatus (Neves) emend. Smith & Butterworth 1967. 
Plate 10, figure 14. 

1958 Dictyotrfletees varioreticulatus Neves, p. 8, p1.2, figs. la, b. 
1967 Grumosisporites varioreticulatus (Neves) emend. Smith & Butterworth, p. 232, pl. 17, 

figs. 8-10. 

Holotype. Neves (1958, p1.2, figs. la, b). 
Diagnosis. See Smith & Butterworth (1967, p. 232). 

Rugospora Neves & Owens 1966. 

Type species. R. corporata Neves & Owens 1966. 
Diagnosis. See Neves & O1%'ens (1966, p. 350). 

Rugospora corporata Neves & Owens 1966. 

Plate 11, figure 12. 
1966 Rugospora corporata Neves & Owens, p. 353, p1.2, figs. 4-5, text-fig. 2. 

Holotype. Neves & Owens (1966, pl. 2, fig. 4). 
Diagnosis. See Neves & Ovens (1966, p. 353). 
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Spelaeotriletes Neves & Owens 1966. 

Type species. S. triangulus Neves & Owens 1966. 
Diagnosis. See Neves & Owens (1966, p. 342-344). 

1 Spelaeotriletes arenaceus Neves & Owens 1966. 
Plate 11, figure 3. 

1966 Spelaeotrr7etes arenaceus Neves & Owens, p. 345, pl. 2, figs. 1-3. 
Holotype. Neves & Owens (1966, p1.1, fig. 1). 
Diagnosis. See Neves & Owens (1966, p. 345). 

Spelaeotriletes bulboides sp. nov. 
Plate 11, figures 8,9. 

Diagnosis. Radial, trilete, camerate miospores. Amb circular. Laesure straight 
or slightly flexuous, accompanied by weakly developed labra less than 1u high, 
reaching to equator and developing into curvaturae perfectae. Intexine thin but 
distinct, laevigate, three quarters of spore diameter. Exoexine equatorially 
developed into a narrow zona 2u to 3.5p wide. Proximal exoexine punctate or 
faintly granulate. Distal ornament of densely set, faint grana, less than 0.5p in 
diameter, with scattered spinae-coni, 0.5p in diameter and 1p to 2p high. Size of 
miospores 61(66.5)69p; 20 specimens. 
Derivation of name. L. bulbus - onion, with reference to the appearence of the 
spore as having several concentrically arranged layers. 
Type locality. Well 44/22-1; southern North Sea. 
Type horizon. Mudstones in core at 11878; early Duckmantian. 
Holotype. Plate 11, figure 8. 
Comparison. The presence of the equatorial zona differentiates this species 
from others of the genus. 
Remarks. The presence of the narrow zona and the equatorial curvaturae may 
give the appearence of extra exinal layers. 

Spelaeotriletes oppletus sp. nov. 
Plate 11, figure 4. 

Diagnosis. Radial, trilete, camerate miospores. Amb concavely rounded 
triangular. Laesurae straight or flexuous, accompanied by distinct labra 2u to 
4p high, extending to equatorial margin where they develop into a distinct 

curvatural ridge (limbus). Intexine laevigate, more than three quarters of spore 
diameter. Exoexine with proximal and distal ornament of subcircular verrucae, 
0.5µ to 1.5p in diameter, usually 1p apart or closer. Size of miospores 
71(78.4)82p; 20 specimens. 
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Derivation of name. L. oppleo - to fill up, with reference to the relatively large 

size of the intexine which almost fills the camera. 
Type locality. 44/22-3, southern North Sea. 
Type horizon. Mudstones in core at 11872; early Duckmantian. 
Holotype. Plate 11, figure 4. 
Comparison. S. asperatus Ravn 1991 is smaller and has a less prominent 
intexine -and less strongly developed labra. S. crustatus Higgs 1975 has an 
ornament of grana and subordinate coni and spinae. Other Carboniferous 

species of Spelaeotriletes have a relatively smaller intexine in relation to the size 
of the exoexine. 

Spelaeotriletes cf. oppletus. 
Plate 11, figures 5,6. 

Remarks. Specimens assigned to this taxon are similar to the type but have 
large, up to 3p high, verrucae-baculae developed on the curvaturae and 
projecting beyond the equatorial margin. 

Spelaeotriletes pretiosus (Playford) Neves & Belt 1970. 
1964 Pustidatisporites pretiosus Playford, p. 19-20, p1.4, figs. 5-7, p1.5, fig. 1, text-fig. la. 
1970 Spelaeotriletes pretiosus (Playford) Neves & Belt, p. 1241. 

Holotype. Playford (1964, pl. 4, fig. 6). 
Diagnosis. See Playford (1964, p. 19-20). 

Spelaeotriletes cf. pretiosus. 
Plate 11, figures 7,10. 

Remarks. Present specimens are smaller (55(62)67p) than the type and bear a 
relatively denser ornament of verrucae 3µ to 6µ across. 
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Subturma MEMBRANATITRILETES Neves & Owens 1966. 
Infraturma CONTINUATI Neves & Owens 1966. 

Discernisporites Neves emend. Neves & Owens 1966. 

Type species. D. irregularis Neves 1958. 
Diagnosis. See Neves & Owens (1966, p. 357). 

Discernisporites irregularis Neves 1958. 
1958 Discernisporites irregularis Neves, p. 4, p1.3, fig. 5. 

Holotype. Neves (1958, pl. 3, fig. 5). 
Diagnosis. See Neves (1958, p. 4). 
Remarks. Upon recognition that Discernisporites is camerate Neves & Owens 
(1966) emended the generic circumscription. In so doing they presented a de 
facto emendation of the type species, D. irregWaris. The diagnosis of the type 
species should, then, be read in the light of the generic emendation of Neves & 
Owens (1966), such that it is taken to indicate camerate miospores. 

Discernisporites cf. irregularis. 
Plate 11, figures 13-16. 

Remarks. Specimens in the current study have a slightly reduced size range 
(47(63.5)82p; 28 specimens) compared to that of 50-100pm quoted by Neves 
(1958). A plexus of forms is present in this material in which the proximal 
ornamental elements anastomose to varying degrees, plus the variable 
development of coni on and around the main rugulate/cristate elements (e. g. 
Plate 11, figure 13). In many specimens rugae or cristae are developed into a 
more or less well defined reticulum (Plate 11, figures 14-16). In some instances 

coni develop at the junctions of the cristae/rugae which form the reticulum 
(Plate 11, figures 14,16). Furthermore, the inter-elemental exoexine may be 

ornamented with grana (Plate 11, figure 15) 
This plexus of forms could be included in an emended D. irregularis. However, 
this would expand the concept of the species well beyond what is believed to 
be its original intention, and so this has been avoided. 

Discernisporites micromanifestus (Hacquebard) Sabry & Neves 1971. 
Plate 11, figures 11,12. 

1957 Endosporites micromanifestus Hacquebard, p. 317, pl. 3, fig. 16. 
1971 Discernisporites micromanifestus (Hacquebard) Sabry & Neves, p. 1445, pl. 3, fig. 11. 

Holotype. Hacquebard (1957, pl. 3, fig. 16). 
Diagnosis. See Hacquebard (1957, p. 317). 
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Ibrahimispores Artuz emend. Artuz 1971. 

Type species. I. microhorridus Artüz 1957. 
Diagnosis. See Artuz (1971, p. 111). 
Remarks. The suprageneric placement of Ibrahimispores is problematical as the 
nature of the attatchment of the intexine and exoexine is uncertain. The genus 
appears to be closely related to Spinozonotriletes Hacquebard emend. Neves & 
Owens 1966 as specimens of intermediate form may be found. For this reason 
the genus has been placed with Spinozonotriletes in the infraturma 
CONTINUATI. 

Ibrahimispores brevispinosus Neves 1961 
Plate 12, figure 5. 

1961 Ibrahimnispores brevispinnsus Neves, p. 254-255, pl. 31, fig. 2. 
Holotype. Neves (1961, pl. 31, fig. 2). 
Diagnosis. See Neves (1961, p. 255). 

rt, Ibrahirnispores microhorridus Artuz 1957. 
Plate 12, figure 4. 

19571brahimispores inkrolzorridus Artüz, p. 246, pl. 3, fig. 21a, b. 
Holotype. Artuz (1957, p1.3, fig. 21a, b). 
Diagnosis. See Artüz (1957, p. 246). 

Spinozonotriletes Hacquebard emend. Neves & Owens 1966. 

Type species. S. uncatus Hacquebard 1957. 
Diagnosis. See Neves & Owens (1966, p. 355). 

Spinozonotriletes uncatus Hacquebard 1957. 
Plate 12, figure 2. 

1957 Spi»ozonotriletes uncatus Hacquebard, p. 316, pL 3, figs. 8-10. 
Holotype. Hacquebard (1957, pl. 3, fig. 8): 
Diagnosis. See Hacquebard (1957, p. 316). 

Spinozonotriletes cf. uncatus. 
Plate 12, figure 3. 

Remarks. Specimens assigned to this taxon are smaller than the type material 
having an overall diameter (inclusive of ornament) of 70(83.8)858; 15 

specimens. In some specimens the tips of the spinae may be thickened or solid, 
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suggesting that these may represent a morphographically intermediate form 
between the genera Spinozonotriletes and Ibrahimispores Artüz emend Artüz 
1971. 

Infraturma CINGULICAMERATI Neves & Owens 1966. 

Cingulizonates Dybova & Jachowicz emend. Butterworth et a1.1964. 

Type species. C. Bialatus (Waltz) Smith and Buttenvorth 1967. (= C. tuberosus 
Dybovä and Jachowicz 1957). 
Diagnosis. See Buttenvorth et al. (1957, p. 105). 

Cingulizonates bialatus (WValtz) Smith & Butterworth 1967. 
Plate 13, figure 3. 

1938 Zo, wtriletes bialatus Waltz, in Luber & Waltz, p. 22, pl. 4, fig. 51. 
1956 Densosporites bialatus (Waltz) Potonie & Kremp, p. 144. 
1%7 Cingulizonates bialatirs (Waltz) Smith & Butterworth, p. 260, p1.21, figs. 3,4. 

Holotype. Not designated. 

Diagnosis. See Luber & Waltz (1938, p. 22). 
Remarks. For a more complete synonymy see Smith & Butterworth (1967, p. 
260). 

Cingulizonates loricatus (Loose) Butterworth & Smith in Butterworth et al. 1964. 
Plate 13, figure 4. 

1932 Sporonites loricafus Loose in Potonie et a1., p. 450, p1.18, fig. 42. 
1964 Cingulizonates loricatns (Loose) Butterworth & Smith in Butterworth et al., p. 1053, pl. 

2, fig. 4. 

Holotype. Potoni6 & Kremp (1956, pl. 18, fig. 400). 
Diagnosis. See Potoni6 & Kremp (1956, p. 119). 
Remarks. For a more complete synonymy see Butterworth et al. (1964, p. 1053). 

Cirratriradites Wilson & Coe 1940. 

Type species. C. maculatus Wilson and Coe 1940. 
Diagnosis. Wilson & Coe (1940, p. 183). 
Remarks. Potoni6 & Kremp (1954) consider C. maculates Wilson & Coe 1940 to 
be a junior synonym of C. saturni (Ibrahim) Schopf et al. 1944. However Wilson 
(1966) maintains the difference between C. maculatus and C. saturni. 
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Cirratriradites rarus (Ibrahim) Schopf et al. 1944. 
Plate 12, figure 6. 

1933 Zonuales-sparites rams Ibrahim, p. 29, p1.6, fig. 35. 
1944 Cirratriradites rarus (Ibrahim) Schopf et al. p. 44. 

Holotype. Ibrahim (1933, pl. 6, fig. 53). 
Diagnosis. See Ibrahim (1933, p. 29). 

Cirratriradites saturni (Ibrahim) Schopf et al. 1944. 

Plate 12, figure 7. 
1932 Sparonites saturni Ibrahim in Potonie et al., p. 448, p1.15, fig. 14. 
1944 Cirratriradites saturni (Ibrahim ) Schopf et al., p. 44. 

Holotype. Potonie et al. (1932, p1.15, fig. 14). 

Diagnosis. See Potonie & Kremp (1956, p. 128). 
Remarks. For a more complete synonymy see Ravn (1986, p. 74). 

Crassispora Bhardwaj emend. Sullivan 1964. 

Type species. C. kosankei (Potoni6 & Kremp) Bhardwvaj 1957 emend. Smith & 
Buttenvorth 1967 (= C. ovalis (Bhardwvaj) Bhardwvaj 1957). 
Diagnosis. See Sullivan (1964, p. 375). 

Crassispora kosankei (Potoni6 & Kremp) Bhardivaj emend. Smith & Butterworth 

1967. 
Plate 12, figure 8. 

1955 Planisporites kosankei Potonie & Kremp, p. 71, p1.13, figs. 208-213. 
1967 Crassispora kosankei (Potonie & Kremp) Bhardwaj emend. Smith & Butterworth, p. 234, 

p1.19, figs. 2-4. 

Holotype. Potoni6 & Kremp (1955, p1.13, fig. 208). 
Diagnosis. See Smith & Butterworth (1967, p. 234). 

Cristatisporites Potonie & Kremp emend. Butterworth et a1.1964. 

Type species. C. indignabundus (Loose) Staplin & Jansonius 1964. 
Diagnosis. Buttenvorth et al. (1964, p. 108). 

Cristatisporites connexus Potonie & Kremp 1955. 
Plate 13, figure 9. 

1955 Cristatisporites connexris Potonie & Kremp, p. 106, p1.16, fig. 291. 
Holotype. Potonie & Kremp (1955, p1.16, fig. 291). 
Diagnosis. Potonie & Kremp (1955, p. 106). 
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Cristatisporites indignabundus (Loose) Potoni6 & Kremp emend Staplin & 

jansonius 1964. 
Plate 13, figure 13. 

1932 Sporonites indignabundus Loose in Potonie et al., p. 451, p1.19, fig. 51. 
1954 Cristatisporites indignabundus (Loose) Potoni6 & Kremp, p. 142. 
1964 Cristatisporites indignabundus (Loose) Potonie & Kremp emend. Staplin & Jansonius, p. 

108-109. pL 19, figs. 7-9,12,14,20, text-fig. 2c. 

Holotype. Potoni6 & Kremp (1955, p1.16, fig. 294). 
Diagnosis. See Staplin & Jansonius (1964, p. 108). 

Cristatisporites splendidus Artüz 1957. 
Plate 13, figures 10,14. 

1957 Cristatisporites splendidus Artuz, p. 247, pl. 4, fig 22. 

Holotype. Artuz (1957, pl. 4, fig. 22). 
Diagnosis. See Artuz (1957, p. 247). 

Densosporites Berry emend. Butterworth et a1.1964. 

Type species. D. covensis Berry 1937. 
Diagnosis. See Butterworth et al. (1964, p. 101). 

Densosporites anulatus (Loose) Schopf et al. 1944. 
Plate 12, figure 13. 

1932 Sporonites anulatus Loose in Potonie et at, p. 451, p1.18, fig. 44. 
1934 Zonales-sporites annulatus (Loose) Loose, p. 151. 
1944 Denso-sporites annulatus (Loose) Schopf et at., p. 40. 
1967 Densosporites anulatus (Loose) Smith & Butterworth, p. 239, p1.19, figs. 5,6. 

Holotype. Potoni6 & Kremp (1956, pl. 17, fig. 365). 
Diagnosis. See Potoni6 & Kremp (1956, p. 112). 
Remarks. Schopf et al. (1944) proposed D. annulatus as a new combination prior 
to Smith & Butterworth (1967). The spelling of the specific epithet is discussed 
by Ravn (1986, p. 69). The original spelling is followed here although the 
orthographic correction by Loose (1934, p. 151) may be correct. 

Densosporites crassigranifer Artuz 1957. 
Plate 12, figures 12,17. 

1957 Densosporites crassigranifer Artüz, p. 251, pl. 5, fig. 38. 
Holotype. Artuz (1957, pl. 5, fig. 38). 
Diagnosis. See Artaz (1957, p. 251). 
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Densosporites duriti Potonie & Kremp 1956. 
Plate 12, figure 10. 

1956 Densosporites duriti Potonie & Kremp, p. 117, pL 18, figs. 383-384. 
Holotype. Potonie'& Kremp (1956, p1.18, fig. 383). 
Diagnosis. See Potonie & Kremp (1956, p. 117). 

Densosporites gracilis Smith & Butterworth 1967. 
Plate 12, figure 16. 

1967 Densosporites gracilis Smith & Butterworth, p. 240, p1.19, figs. 7,8. 
Holotype. Smith & Butterworth (1967, p1.19, fig. 7). 
Diagnosis. See Smith & Butterworth (1967, p. 240). 

Densosporites pseudoannulatus Butterworth & Williams 1958. 
Plate 12, figure 14. 

1958 Densosporites pseudoannulatus Butterworth & Williams, p. 379, pl. 3, fig. 42. 

Holotype. Butterworth & Williams (1958, p1.3, fig. 42). 
Diagnosis. See Butterworth & Williams (1958, p. 379). 

Densosporites sphaerotriangularis Kosanke 1950. 
Plate 12, figure 11. 

1950 Denso-sporites sphaerotriangularis Kosanke, p. 33, pI. 6, fig. 7. 
Holotype. Kosanke (1950, p1.6, fig. 7). 
Diagnosis. See Kosanke (1950, p. 33). 

Densosporites spinosus Dybovä & Jacho-. vicz 1957. 

Plate 13, figures 1,2. 
1957 Densosporites spinosus Dybovä & Jachowicz, p. 164, pl. 49, figs. 1-4. 

Holotype. Dybovä & Jachowicz (1957, pl. 49, fig. 1). 
Diagnosis. See Dybovä & Jachowicz (1957, p. 164). 

Densosporites tenuis Hoffineister et al. 1955 
Plate 12, figure 15. 

1955 Densosporites tenuis Hoffmeister et at, p. 387, pL 36, figs. 18,19,23. 
1958 Densosporites intermedius Butterworth & Williams, p. 379, pl. 3, figs. 38,39. 

non1956 Densosporites tenuis (Loose) Potonie & Kremp, p. 120, p1.18, figs. 404-407. 
Holotype. Hoffineister et al. (1955, p1.36, fig. 18). 
Diagnosis. See Hoffineister et al. (1955, p. 387). 
Remarks. Smith & Butterworth (1967, p. 241) present the case for the priority of 
D. tenuis over D. intermedius . 
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Hymenozonotriletes Naumova ex Mehta emend. Potonie 1958. 

Type species. H. polycanthus Naumova 1953. 
Diagnosis. See Potonie (1958, p. 29). 

Hymenozonotriletes explanatus (Luber) Kedo 1963. 
Plate 12, figure 9. 

1941 Zonotriletes explanatus Luber in Luber & Waltz, p. 10, p1.1, fig. 4. 
I't 1963 Hymenozonotriletes explanatus (Luber) Kedo, p. 67, pl. 6, figs. 144-147. 

Holotype. Luber & Waltz (1941, p1.1, fig. 4). 
Diagnosis. See Kedo (1963, p. 67). 
Remarks. The single specimen recorded and figured is questionably assigned 
to H. explanatus. 

Lycospora Schopf et ai. emend. Somers 1972. 

Type species. L. micropapillata (Wilson and Coe) Schopf et al. 1944. 
Diagnosis. See Somers (1972, p. 54). 

Lycospora noctuina Butterworth & Williams emend. Smith & Butterworth 1967. 
Plate 13, figure 5. 

1958 Lycospora noctuina Butterworth & Williams, p. 376, p1.3, figs. 14,15. 
Holotype. Smith & Butterworth (1967, p1.20, fig. 4). 
Diagnosis. See Smith & Butterworth (1967, p. 248). 
Remarks. Smith & Butterworth (1967) provided an expanded diagnosis based 

upon that of Butterworth & Williams (1958) which represents a de facto 

emendation of the species. 

Lycospora orbicula (Potonie & Kremp) Smith & Butterworth 1967. 
Plate 13, figure 6. 

1955 Cyclogranisporites orbiculus Potonie & Kremp, p. 63, pL 13, figs. 179-183. 
1%7 Lycospora orbicula (potoni6 & Kremp) Smith & Butterworth, p. 249-250, pl. 20, figs 179- 

183. 

Holotype. Potoni6 & Kremp (1955, p1.13, fig. 179). 
Diagnosis. See Smith & Butterworth (1967, p. 249). 
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Lycospora pusilla (Ibrahim) Schopf et al. 1944 
Plate 13, figure 7. 

1932 Sporonites pusillus Ibrahim in Potonie et al., p. 448, p1.15, fig. 19. 
1944 Lycospora pusilla (Ibrahim) Schopf et al., p. 54. 

Holotype. Potonie & Kremp (1956, p1.17, fig. 352). 
Diagnosis. See Potonie & Kremp (1955, p. 103). 

Lycospora rotunda Bhardx%waj 1957. 
Plate 13, figure 8. 

1957 Lycospora rotunda Bhardwaj, p. 103, pl. 27, figs. 10-12. 
Holotype. Bhardivaj (1957, pl. 27, fig. 10). 
Diagnosis. See Bhardwaj (1957, p. 103). 

Radiizonates Staplin & Jansonius 1964. 

Type species. R. aligerens (Knox) Staplin & Jansonius 1964. 
Diagnosis. See Staplin & Jansonius (1964, p. 106). 

Radiizonates aligerens (Knox) emend. Staplin & Jansonius 1964. 
Plate 13, figure 11. 

1950 Cirratriradites aligerens Knox, p. 329, pl. 19, fig. 288. 
1964 Radiizonates aligerens (Knox) Staplin & Jansonius, p. 106, p1.18, figs. 23-28. 

Neotype. Staplin & Jansonius (1964, p1.1ß, figs. 24,25). 
Diagnosis. See Staplin & Jansonius (1964, p. 106). 
Remarks. Knox (1950) did not designate a Holotype. 

Radiizonates difformis (Kosanke) Staplin & Jansonius 1964. 
Plate 13, figure 12. 

1950 Cirratriradites difformis Kosanke, p. 35, p1.7, fig. 3. 
1964 Radiiaonates difformis (Kosanke) Staplin & Jansonius, p. 106. 

Holotype. Kosanke (1950, pl. 7, fig. 3). 

Diagnosis. See Kosanke (1950, p. 35). 
Remarks. For a more complete synonymy see Ravn (1976, p. 76). 
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. ,: 
Radiizonates fnunus (Ibrahim) Smith & Butterworth 1967. 

Plate 13, figure 18. 
1932 Sporonitesfaunus Ibrahim in Potonie et al., p. 447, pL 14, fig. 4. 
1967Radiiwnates faun us (Ibrahim) Smith & Butterworth, p. 264, p1.21, figs. 12,13. 

Holotype Potoni6 & Kremp (1956, pl. 18, fig. 385). 
Diagnosis. See Potoni6 & Kremp (1956, 'P. 117). 
Remarks. For a more complete synonomy see Smith & Butterworth (1967, p. 
264). ". ..... 

Radiizonates striatus (Knox) Staplin & Jansonius 1964. 
Plate 13, figure 16. 

1950 Cirratriradites striatus Knox, p. 330, p1.19, fig. 289. 
1964 Radiizonatees striatus (Knox) Staplin & Jansonius, p. 106. 

Neotype. Butterworth & Williams (1954, p1.18, fig. 1). 
Diagnosis. See Butterworth & Williams (1954, p. 757). 
Remarks. Knox (1950) failed to designate a Holotype. Butterworth & Williams 
validated the species by selecting two hypotypes, one of which was selected as 
ar neotype by Smith & Butterworth (1967). 

Radiizonates aff. striatus. 
Plate 13, figure 17. 

1967 Radiizonrates cf. straitus (Knox) Staplin & Jansonius 1964; Smith & Butterworth, p. 266, p1. 
20, figs. 20,21. 
Remarks. This species is used in the same sense that Smith & Butterworth 
(1967) 

. use R. cf. striatus to include specimens which are smaller and have a 
relatively narrow inner zone to the cingulum than R. striatus. The 
morphographic distinction between R. striatus and R. aff. striatus appears to be 
consistent, although subtle. Furthermore, the two taxa appear to have distinct 

stratigraphic ranges. 

Radiizonates tenuis (Loose) Butterworth & Smith in Butterworth et al. 1964. 
Plate 13, figure 15. 

1932 Sporonites tenuis Loose in Potonie et al., p. 450, p1.18, fig. 34. 
1956 Densosporites tenuis (Loose) Potonie & Kremp, p. 120, p1.18, figs. 404-407. 

non 1955 Densosporites tenuis Hoffineister et al., p. 387, p1.36, figs. 18,19,23. 
1964 Radiizonates tenuis (Loose) Butterworth & Smith in Butterworth et al., p. 1054, p1.2, fig. 

13. 

Holotype. Potoni6 & Kremp (1956, p1.18, fig. 404). 
Diagnosis. See Potonie & Kremp (1956, p. 120). 
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Simozonotriletes Naumova ex Ischenko emend. Potonie & Kremp 1954. 

Type species. S. intortus (Waltz) Potonie & Kremp 1954. 
Diagnosis. See Potoni6 & Kremp (1954, p. 159). 
Remarks. Staplin (1960) and other workers have considered that Murospora 
Somers 1952 has priority over this genus. However, they failed to recognise the 
validation of the genus by Ischenko (1952), assuming that it was not validated 
until the work of Potoni6 & Kremp (1954). A discussion regarding the confused 
taxonomy of this genus and its type species can be found in Jansonius & Hills 
(1990, cards 4766,4767). 

Simozonotriletes intortus (Waltz) Potoni6 & Kremp 1954. 
Plate 13, figure 19. 

1938 Zonotriletes intortus Waltz in Luber & Waltz, pL 2, fig. 24. 
1954 Simozonotriletes intortus (Waltz) Potoni6 & Kremp, p. 159. 
1962 Murospora intorta (Waltz) Playford, p. 609, pl. 86, figs. 12,13. 

Lectotype. Luber & Waltz (1938, pl. 2, fig. 24). 
Diagnosis. See Potonie & Kremp (1954, p. 159). 

Vallatisporites Hacquebard emend. Sullivan 1964. 

Type species. V. vallatus Hacquebard 1957. 
Diagnosis. See Sullivan (1964, p. 370). 

Vallatisporite vallatus Hacquebard 1957. 
Plate 13, figure 20. 

1957 Vallatisporites vallatus Hacquebard, p. 312, pl. 2, fig. 12. 
Holotype. Hacquebard (1957, p1.2, fig. 12). 
Diagnosis. See Hacquebard (1957, p. 312). 

Infraturma MEMBRANATI Neves 1961. 

Diaphanospora Balme & Hassell emend. Evans 1970. 

Type species. D. riciniata Balme & Hassell emend. Evans 1970. 
Diagnosis. See Evans (1970, p. 68). 
Remarks. Evans (1970) examined the type material of Perotrilites Erdtman ex 
Couper 1953 and determined that the type species (P. granulatus Couper 1953) 

was zonate rather than perinate. As such, Perotrilites cannot accomodate several 
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of the species of Carboniferous trilete, circular or subcircular miospore which 
have a thin, diaphanous, unornamented "perine" distinctly seperated from the 

main spore body over most of the surface. These species are placed within the 

genus Diaphanospora. Other species previously assigned to Perotrilites have been 

reassigned to the genera Rugospora Neves & Owens 1966 and Velainisporites 
Bharadwaj & Venkatachala 1962 by various authors. 

Diaphanospora pamigracila (Peppers) Ravn 1979. 
Plate 13, figure 21. 

1970 Perotriletes (sic) parvigracilus Peppers, p. 128, p1.13, figs. 5-7. 
1979 Diaphanospora parvigracila (Peppers) Ravn, p. 48, p1.18, fig. 11. 

Holotype Peppers (1970, p1.13, fig. 5). 
Diagnosis. See Peppers (1970, p. 128). 

Hymenospora Neves 1961. 

Type species. H. palliolata Neves 1961. 
Diagnosis. See Neves (1961, p. 270). 

Hymenospora caperata Felix & Burbridge 1967. 
1%7Hymenospora caperata Felix & Burbridge, p. 405-406, pl. 62, fig. 12. 

Holotype. Felix & Burbridge (1967, p1.62, fig. 12). 
Diagnosis. See Felix & Burbridge (1967, p. 405). 

Hymenospora cf. caperata. 
Plate 13, figure 25. 

Remarks. This taxon is used sensu Ravn (1986). 

Hymensopora murdochensis sp. nov. 
Plate 13, figures 22-24. 

Diagnosis. Radial, trilete, camerate miospores. Amb subcircular, broadly 

rounded triangular or elongate-oval. Laesurae straight, simple, reaching to 
margin of intexine, often difficult to discern. Intexine laevigate, three quarters 
radius of spore. Cameration of more or less constant width around the intexine. 
Exoexine finely granulate, grana largest (up to its diameter) on the distal 

surface towards the distal pole; folded into 30 to 50, more or less radial 
plications on both proximal and distal faces; exoexine attatched to intexine in 
furrows of plications. Size pf miospores 46(53.3)59p; 20 specimens. 
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Derivation of name. Named after the Murdoch Gas Field in which the species 
was first recognised. 
Type locality. Well 44/22-1, southern North Sea. 
Type horizon. Coil in core at 12064'; late Langsettian. 
Holotype. Plate 13, figure 22. 
Comparison. Hymenospora palliolata Neves 1961 is larger, has fewer radial 
plications and a laevigate exoexine. H. multirugosa Peppers 1970 has prominent, 
labrate laesurae and a relatively thick, infrapunctate exoexine. Schulzospora 
plicata is consistently elongate-elliptical in outline due to the median 
constriction of the exoexine. It therefore does not have the consistent width of 
cameration of H. murdochensis. 

i. 

Infraturma POLYCAMERATI Neves & Owens 1966. 
ý:. ., 

Alatisporites Ibrahim emend. Smith & Butterworth 1967. 

Type species. A. pustulatus (Ibrahim) Ibrahim 1933. 
Diagnosis. See Smith & Butterworth (1967, p. 279). 

Alatisporites hoffineisterii Morgan 1955. 
Plate 14, figure 3. 

1955 Alatisporites hoffineisterii Morgan, p. 37, pl. 2, figs. 1-& 
Holotype. Morgan (1955, pl. 2, fig. 1). 
Diagnosis. See Morgan (1955, p. 37). 

Alatisporites nudus Neves 1958. 
Plate 14, figure 4. 

1958 Alatisporites nüdus Neves, p. 10, pl. 3, fig. 9. 
Holotype. Neves (1958, pl. 3, fig. 9). 
Diagnosis. See Neves (1958, p. 10). 

Alatisporites pustulatus (Ibrahim) Ibrahim 1933. 
Plate 14, figure 2. 

1932 Sporonites-pustulatus Ibrahim in Potonie et al., p. 448, p1.14, fig. 12. 
1933 Alati-sporites pustulatus (Ibrahim) Ibrahim, p. 32, pL 1, fig. 12. 

Holotype. Potonie & Kremp (1956, p1.19, fig. 445). 

Diagnosis. See Potonie & Kremp (1956, p. 155). 
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Subturma indeterminate. 
Infraturma indeterminate. 

Colatisporites Williams in Neves et a1.1973. 

Type species. C. deconus (Bharadwtiaj & Venkatachala) Williams in Neves et al. 
1973. 
Diagnosis. See Neves et al. (1973, p. 40). 

Colatisporites decorus (Bharadwvaj & Venkatachala) Williams in Neves et al. 1973. 
Plate 13, figure 26. 

1%2 77iolisporites decorus Bharadwaj & Venkatachala, p. 39, p1.10, figs. 142-146. 
1973 Colatisporites decorus (Bharadwaj & Venkatachala) Williams in Neves et al., p. 41, pl. 2, 

figs. 11-13. 
Holotype. Bhardwvaj & Venkatachala (1962, p1.10, fig. 142). 
Diagnosis. See Neves et al. (1973, p. 41). 

Schulzospora Kosanke 1950. 

Type species. S. rara Kosanke 1950. 
Diagnosis. See Kosanke (1950, p. 53). 

Schtilzospora cainpyloptera (Waltz) Hoffmeister et al. 1955. 
Plate 13, figure 27. 

1938 Zonotriletes canrhylopterus Waltz in Luber & Waltz, p. 16, pl. 3, fig. 39, pl. A, fig. 15. 
1955 Sclzuizospora caminyloptera (Waltz) Hoffineisteretal., p. 396. 

Holotype. Not known. 
Diagnosis. See Smith & Butterworth 1967, p. 274). 
Remarks. See Smith & Butterworth (1967, p. 274) for a more complete 
synonymy. 

Schulzospora rara Kosanke 1950. 
Plate 13, figure 28,29. 

1950 Schulzospora rara Kosanke, p. 53, p1.13, figs. 5-8. 
Holotype. Kosanke (1950, p1.13, fig. 8). 
Diagnosis. See Kosanke (1950, p. 53). 
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Suprasubturma indeterminate. 
Subturma indeterminate. 
Infraturma indeterminate. 

Elaterites Wilson 1943. 

Type species. E. triferens Wilson 1943. 
Diagnosis. see Wilson (1943, p. 520). 

Elaterites anfractus sp. nov. 
Plate 14, figures 5-8. 

Diagnosis. Miospores trilete, possibly camerate. Outer exine layer developed 
into single elater-like structure which is arranged in a coil about the inner exine 
layer. Separation and uncoiling of the 'elater' variable. Laesurae straight, 
simple, one half of diameter of the intexine. Outer exine layer thin, punctate, 
occasionally faintly granular. Inner exine layer scabrate or laevigate, commonly 
thickened in the region of the trilete mark. Miospore size difficult to determine 
due to uncoiling of 'elater', overall diameter 56(60)70p, intexine diameter 
38(41.8)48u, width of 'elater' 7p to 16p; 15 specimens. 
Derivation of name. L. anfractus - orbit, round-about; in reference to the 
encircling nature of the single elater. 
Type locality. 44/22-1, southern North Sea. 
Type horizon. Mudstones in core at 12090'; Langsettian. 
Holotype. Plate 14, figure 8. 
Comparison. E. triferens Wilson 1943 has three elaters and a relatively larger 
intexine (58-60p, Wilson (1943); 40(72)75p Turner (1991b)). 

Pteroretis Felix & Burbridge 1961. 

Type species. P. primum Felix & Burbridge 1961. 
Diagnosis. See Felix & Burbridge (1961, p. 491). 

Pteroretis primum Felix & Burbridge 1961. 
Plate 14, figure 1. 

1961 Pteroretis primnm Felix & Burbridge, p. 494, p1.1, figs. 1-8). 
Holotype. Felix & Burbridge (1961, p1.1, fig. 2). 
Diagnosis. Felix & Burbridge (1961, p. 494). 
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Turma MONOLETES Ibrahim 1933. 
Suprasubturma ACAMERATOMONOLETES Williams 1971 MS. 

Subtun-na AZONOMONOLETES Luber 1955. 
Infraturma LAEVIGATOMONOLETI Dybovä & Jachowicz 1957. 

Laevigatosporites Ibrahim 1933. 

Type species. L. vulgaris (Ibrahim) Ibrahim 1933. 
Diagnosis. See Potoni6 & Kremp (1954, p. 165). 

Laevigatosporites densus Alpern 1958. 
Plate 14, figures 9,10. 

1958 Iaevigatosporites densus Alpern, p. 80, pl. 2, fig. 32. 

Holotype. Alpern (1958, pl. 2, fig. 32). 
Diagnosis. Alpern (1958, p. 80). 

Laevigatosporites desinoinesensis (Wilson & Coe) Schopf et al. 1944. 
Plate 14, figure 12. 

1934 Iaevigatosporites vulgaris minor Loose, p. 158, pl. 7, fig. 12. 
1940 Plurseolifes desmoinesensis Wilson & Coe, p. 182, p1.1, fig. 4. 
1944 laevigato-sporites desmoinesensis (Wilson & Coe) Schopf et al., p. 37. 
1956 Iaevigatosporites desmoinesensis (Wilson & Coe) Schopf et al.; Potonie & Kremp, p. 139, 

p1.19, figs. 425-428. 
1957 Iaevigatosporites minor (Loose) Potonie & Kremp (sic); Bhardwaj, p. 109, pl. 29, figs. 8, 

9. 
1967 Laevigatosporites minor Loose 1934; Smith & Butterworth, p. 284-285, pl. 24, fig. 3. 

Holotype. Wilson & Coe (1940,. pl. 1, fig. 4). 
Diagnosis. See Wilson & Coe (1940, p. 184). 
Remarks. Bhardwaj (1957) attributed the raising of L. minor to specific status to 
Potonie & Kremp but failed to indicate a date for this taxonomic change. It 

seems likely that Bhardwaj acted in error as Potoni6 & Kremp (1956, p. 139) 
maintained the variety L. vulgaris minor as a synonym of L. desmoinesensis. In 
this case Bhardwaj (1957) must be attributed with raising the status of L 
vulgaris minor. Given the synonymy indicated by Potoni6 & Kremp (1956) 

priority is given to L. desmoinesnsis, the basionym of which was published by 
Wilson & Coe (1940) thus pre-dating the publication of L. minor as a species. 
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Laevigatosporites minimus (Wilson & Coe) Schopf et al. 1944. 
Plate 14, figure 13. 

1940 Phaseolites miniinus Wilson & Coe, p. 183, fig. 5. 
1944 Laevigato-sporites minimus (Wilson & Coe) Schopf et al., p. 37. 

Holotype. Wilson & Coe (1940, fig. 5). 
Diagnosis. See Wilson & Coe (1940, p. 183). 

Laevigatosporites vulgaris (Ibrahim) Ibrahim 1933. 

Plate 14, figure 11. 
1932 Sporonites vulgaris Ibrahim in Potoni6 et al., p. 448, pl. 15, fig. 16. 

-1933 Lavigato-sporites vulgaris (Ibrahim) Ibrahim, p. 39, pl. 2, fig. 16. 

`Holotype. Potonie & Kremp (1956, pl. 19, fig. 429). 
Diagnosis. See Ibrahim (1933, p. 39). 

Latosporites Potonie & Kremp 1954. 

Type species. L. latus (Kosanke) Potoni6 & Kremp 1954. 
Diagnosis. See Potoni6 & Kremp (1954, p. 165). 

Latosporites globosus (Schemel) Potonie & Kremp 1956. 
Plate 14, figure 14. 

1950 Iaevigto-sporites globosus Schemel, p. 748, text-fig. 2. 
1956 Iatosporites globosus (Schemel) Potonie & Kremp, p. 140. 

Holotype. Schemel (1950, text-fig. 2). 
Diagnosis. See Schemel (1950, p. 746). 

Infraturma SCULPTATOMONOLETT Dybovä & Jachowicz 1957. 

Columinisporites Peppers 1964. 

Type species. C. ovalis Peppers 1964. 
Diagnosis. See Peppers (1964, p. 15). 

Columinispörites oxalis Peppers 1964. 
Plate 14, figures 20,21. 

1964 Columinisporites ovalis Peppers, p. 16, p1.1, figs. 11-12. 
Holotype. Peppers (1964, p1.1, fig. 11). 
Diagnosis. See Peppers (1964, p. 16). 
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Dictyomonolites Ravn 1986. 

Type species. D. swadei Ravn 1986. 
Diagnosis. See Ravn (1986, p. 114). 

Dictyomonolites swadei Ravn 1986. 
Plate 14, figure 17,18. 

1986 Dictyomonoliies suaadei Ravn, p. 115, pl. 35, figs. 1-8. 
Holotype. Ravn (1986, pl. 34, fig. 1). 
Diagnosis. See Ravn (1986, p. 115). 
Remarks. The relationship between this species and possible synonyms 
(Dictyotriletes castaneaeforinis (Horst) Sullivan 1964 and D. clatriformis (Artuz) 
Sullivan 1964) is discussed by Ravn (1986). 

Punctatosporites Ibrahim emend. Alpern & Doubinger 1973. 

Type species. P. minutus Ibrahim emend. Alpern & Doubinger 1973. 
Diagnosis. See Alpern & Doubinger (1973, p. 36). 

Punctatosporites ininutus Ibrahim emend. Alpern & Doubinger 1973. 
Plate 14, figure 15. 

1933 Punctato-sporites minutus Ibrahim, p. 40, pl. 5, fig. 33. 
1973 Punctatosporites minutus Ibrahim emend. Alpern & Doubinger, p. 42, pl. 11, figs. 1-26. 

Holotype. Ibrahim (1933, pl. 5, fig. 33). 
Diagnosis. See Alpern & Doubinger (1973, p. 41). 
Remarks. For a more complete synonymy see Alpern & Doubinger (1973, p. 
41). 

Thymospora Wilson & Venkatachala 1963b. 

Type species. T. thiessenii (Kosanke) Wilson & Venkatachala 1963b. 
Diagnosis. See Wilson & Venkatachala (1963b, p. 76). 

Thymospora spp. 
Plate 14, figure 22. 

Remarks. Assemblages of Thymospora spp. from the S. N. S. C. B. commonly 
show intra-specific variation between T. obscura (Kosanke) Wilson & 
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Venkatach a 19+63b and T. ashiessrnii (Kasan3. c) tVi1son 6: Ven%atachll 
1963b. The illustrated specimen is an intermediate farm. 

Torispora Halme emend. Doubinger &1 orst 1961. 

Type species. T. smuts 13ilmc emend Alpern tt aL 1965. 
Diaposis. Sec Doubingtz &1 iarst (1%. l p. 29). 

TOthp s2 s cun`ss Eiulme emend. Alp-rn ct aL 1965. 
i'tate 14, figure 23. 

1552 Tcwil: ra ui-wiº 841rne, p. 193. k-tt"figs. 344 
1%5 Taus., we iL nw raw"d AIjII Td art. p. 5L rL 1. fig, I. 

LtdO pe. Smith & Butterworth (1%7, pl. 24, fig. 31). designated by Halme. 
Diagnasis.. Ser Alprrn tt ct (1965, p.. 570). 
Remarks Fora morn complete synonymy see Farn (14S p. 113). 

Turms ME TIN Ibrahim 1933. 
Suprasubt=u ACAMERATALEZES Riau 19ä5 MS. 

Subturm AZOt'ALET E5 Luber emcnd. Potorti6 & Kremp 1954. 
Inf ra tunny i' ZLC)ý'A1'fl1 Led tmann 1954. 

Fabasporitcs Sullivan 1961. 

Typt spr irs. F. tvllklus Sullivan 19 ̀ 1. 
Diagnosis. SccSulIivan(1%1. F. 3 ä). 

lch.: ; awitr% juHi`#u, 4 Sullivan 1k1. 
Plate 14, figure 16. 

15+ßi Fri. rsýsrtn Wax Seib" at p. . rL 61. Ggs. 9.11. 
Holotypt, Sultiian (1%i. pL 61. fig. 11). 
Dia ; s, Sce. Sullivan (19M, p. 379). 
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Turma HILATES Dettmann 1963. 
Suprasubturma ACA NIERATTHILATES Spode 1974 MS. 

Subturma SOLtTITHILATES Spode 1974 MS. 
Infraturma EPTTYGMATI Spode in Smith & Butterworth 1967. 

Vestispora Wilson & Hoffmeister emend. Wilson & Venkatachala 1963a. 

Type species. V. profunda Wilson & Hoffineister 1956. 
Diagnosis. See Wilson & Venkatachala (1963a, p. 96). 

Vestispora costata (Balme) Bharadwaj emend. Spode in Smith & Butterworth 
1967. 

Plate 15, figure 1. 
1952 Endosporites costatus Bahne, p. 178, text-fig. if. 
1957 Vestispora costata (Balme) Bhardwaj, p. 118, pl. 24, figs. 36-40. 
1967 Vestispora costata (Balme) Bharadwaj emend. Spode in Smith & Butterworth, p. 295, pl. 

25, figs. 1,2. 

Lectotype. Smith & Butterworth (1967, p1.25, fig. 1). 
Diagnosis. See Smith & Butterworth (1967, p. 295). 

Vestispora dubia sp. nov. 
Plate 15, figures 2,3. 

Diagnosis. Radial, trilete, camerate, operculate miospores. Laesurae straight 
simple, two thirds radius with faint curvaturae perfectae delimiting margin of 
operculum. Intexine often difficult to discern. Exoexine laevigate, ornamented 
with straight, unbranching costae which taper at both ends. Costae often 
intimately associated with and difficult to differentiate from exoexinal folds. 
Miospore diameter 65(78.3)97p; 20 specimens. 
Derivation of name. L. dubius - uncertain, in reference to the poorly developed 

costae/folds. 
Type locality. Well 44/22-1, southern North Sea. 
Type horizon. Mudstones in core at 11878'; Duckmantian. 
Holotype. Plate 15, figure 2. 
Comparison. V. costata (Balme) Bhardwaj emend Spode in Smith & Butterworth 
1967 has more prominent costae and a more prominent intexine. V. lucida 
(Butterworth & Williams) Potonid 1960 is larger and has a thin, membranous 
exoexine. 
Remarks. The camerate and operculate nature of species is often difficult to 
discern. The species may represent abortive or immature specimens of other 
species of Vestispora. 
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Vestispora fenestrata (Kosanke & Brokaw) Wilson & Venkatachala emend. Spode 
in Smith & Butterworth 1967. 

Plate 15, figure 4. 
1950 Punctati-sporitesfenestratus Kosanke & Brokaw in Kosanke, p. 15, pl. 2, fig. 10. 
1963a Vestispora fenestrata (Kosanke & Brokaw) Wilson & Venkatachala, p. 99, p1.1, figs. 13, 

14. 
1%7 Vestispora fenestrata (Kosanke & Brokaw) Wilson & Venkatachala emend. Spode in 

Smith & Butterworth, p. 296, pl. 25, figs. 3-6. 

Holotype. Kosanke (1950, pl. 2, fig. 10). 
Diagnosis. See Smith & Butterworth (1967, p. 296). 
Remarks. For a more complete synonymy see Ravn (1986, p. 63). 

Vestispora magna (Butterworth & Williams) Wilson & Venkatachala emend. 
Spode in Smith & Butterworth 1967. 

Plate 15, figures 5,6. 
1954 Reticulatisporites magnus Butterworth & Williams, p. 756, p1.17, figs. 5,6. 
1963a Vestispora magna (Butterworth & Williams) Wilson & Venkatachala, p. 99. 
1967 Vestispora magrer (Butterworth & Williams) Wilson & Venkatachala emend. Spode in 

Smith & Butterworth, p. 298, pl. 25, figs. 11,12. 

Holotype. Smith & Butterworth (1967, pl. 25, fig. 11). 
Diagnosis. See Smith & Butterworth (1967, p. 298). 

Vestispora cf. magna. 
Plate 15, figures 8,9. 

Remarks. Specimens which do not possess the charcteristic secondary 
reticulum of the type material but otherwise appear morphologically identical 
are included in this taxon. 

Vestispora pseudoreticulata Spode in Smith & Butterworth 1967. 
Plate 15, figure 7. 

1952 Reticulatisporites tortuosus Balme (in part), p. 179. 
1964b Vestispora pseudoreticulata Spode in Neves, p. 1233, pl. 3, figs. 1,2. 
1967 Vestispora pseudoreticulata Spode in Smith & Butterworth, p. 298, pl. 25, figs. 13,14. 

Holotype. Not designated. 

Diagnosis. See Smith & Butterworth (1967, p. 299). 

Remarks. This species remains a nomen nuduin as Spode in Neves (1964b) gave 
no description or typification and the designation of a holotype referred to by 
Smith & Butterworth (1967) (as Spode (in press)) has yet to be published. 
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Vestispora tortuosa (Balme) Bhardwaj emend. Spode in Smith & Butterworth 
1967. 

Plate 15, figure 10. 
1952 Reticulatisporites tortuosus Balme (in part), text-fig. ld. 
1957 Vestispora tortuosa (Balme) Bhardwaj, p. 119. 
1967 Vestispora tortuosa (Balme) Bharadwaj emend. Spode in Smith & Butterworth, p. 299, 

pl. 26, figs. 1,2. 

Lectotype. Smith & Butterworth (1967, pl. 26, fig. 1). 
Diagnosis. See Smith & Butterworth (1967, p. 299). 

4.2.2. Anteturma POLLENITES Potonie 1931. 
Turma SACCTI'ES Erdtmann 1947. 

Subturma MONOSACCITES Chitaley emend. Potoräe & Kremp 1954. 
Infraturma TRILETESACCTI Leschik 1956. 

Costatascyclus Felix & Burbridge emend. Urban 1971. 

Type species. C. crenatus Felix & Burbridge emend. Urban 1971. 
Diagnosis. See Urban (1971, p. 114). 

Costatscyclus crenatus Felix & Burbridge emend. Urban 1971. 
Plate 15, figure 11. 

1967 Costatascyclus crenatus Felix & Burbridge, p. 411, p1.64, fig. 6. 
1971 Costatascyclus crenatus Felix & Burbridge emend. Urban, p. 114-115, pl. 25, figs. 4-9. 

Holotype. Felix & Burbridge (1967, pl. 64, fig. 6). 
Diagnosis. Urban (1971, p. 114-115). 

Guthoerlisporites Bhardwaj 1954. 

Type species. G. magnificus Bhardwaj 1954. 
Diagnosis. See Bhardwaj (1954, p. 518). 

Guthoerlisporites cf. magnificus. 
Plate 15, figure 13. 

Remarks. Present specimens conform to the diagnosis but do not have well 
developed tectae associated with the laesurae. 
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Tinnulisporites Dempsey 1967. 

Type species. T. microsaccus Dempsey 1967. 
Diagnosis. See Dempsey (1967, p. 114). 

Tinnulisporites microsaccus Dempsey 1967. 
Plate 15, figure 12. 

1967 Tinnulisporites microsaccus Dempsey, p. 115, pl. I, figs. F-N. 

Holotype. Dempsey (1967, p1. I, fig. G). 
Diagnosis. See Dempsey (1967, p. 115). 

Wilsonites (Kosanke) Kosanke 1959. 

Type species. W. vesicatus (Kosanke) Kosanke 1959. 
Diagnosis. See Kosanke (1950, p. 54). 

Wilsonites circularis (Guennel) Peppers & Ravn in Ravn 1979. 
Plate 16, figure 4. 

1958 Endosporites circularis Guennel, p. 51, p1.1, figs. 18,19, text-fig. 12. 
1979 Wilsonites circularis (Guennel) Peppers & Ravn in Ravn, p. 50, pl. 20, fig. 3. 

Holotype. Guennel (1958, text-fig. 12). 
Diagnosis. See Guennel (1958, p. 51). 

Wilsonites delicatus (Kosanke) Kosanke 1959. 
Plate 16, figure 7. 

1950 Wilsonia delicata Kosanke, p. 54, p1.14, figs. 1-3. 
1959 Wilsonites vesicatus (Kosanke) Kosanke, p. 700. 

Holotype. Kosanke (1950, p1.14, fig. 1). 
Diagnosis. Kosanke (1950, p. 54). 
For a more complete synonymy see Ravn (1986, p. 122). 

Wilsonite kosankei Bhardwaj 1957. 
Plate 16, figure 1. 

1957 Wilsonites kosankei Bhardwaj, p. 115, pl. 30, figs. 10-12. 
Holotype. Bhardwaj (1957, pl. 30, fig. 10). 
Diagnosis. See Bhardwaj (1957, p. 115). 
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Wilsonites ephemerus Tschudy & Kosanke 1966. 
Plate 16, figure 3. 

1966 Wilsonites ephemerus Tschudy & Kosanke, p. 66, pl. 2, figs. 36,37. 
Holotype. Tschudy & Kosanke (1966, pl. 2, fig. 36). 
Diagnosis. See Tschudy & Kosanke (1966, p. 66). 

Wilsonites vesicatus (Kosanke) Kosanke 1959. 
Plate 16, figure 2. 

1950 Wilsonia vesicatus Kosanke, p. 54, pl. 14, figsa. 1-3. 
1959 Wilsonites vesicatus (Kosanke) Kosanke, p. 700. 

Holotype. Kosanke (1950, p1.14, fig. 1). 
Diagnosis. See Kosanke (1950, p. 54). 

ý( 

Infraturma MONOLETESACCM Hart 1961 MS. 

Paleospora Habib 1966. 

Type species. P. f agila Habib 1966. 
Diagnosis. See Habib (1966, p. 647). 
Remarks. The suprageneric placement of this monospecific genus is 

questionable as the apparently complex structure of the type species is not 
completely understood. 

Paleospora fragila Habib 1966. 
Plate 17, figure 5. 

1966 Paleospora fragila Habib, p. 647, p1.108, figs. 1,2. 
Holotype. Habib (1966, p1.108, fig. 1). 
Diagnosis. See Habib (1966, p. 108). 

Peppersites Ravn 1979. 

Type species. P. ellipticus Ravn 1979. 
Diagnosis. See Ravn (1979, p. 51). 

Peppersites ellipticus Ravn 1979. 
Plate 16, figure 5. 

1979 Peppersites ellipticus Ravn, p. 51, pl. 21, figs. 14. 
Holotype. Ravn (1979, pl. 21, fig. 1). 
Diagnosis. See Ravn (1979, p. 51). 
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Potonieisporites Bhardwaj 1954. 

Type species. P. novicus Bhardwaj 1954. 
Diagnosis. See Bharadwaj (1954, p. 46). 

Potonieisporites elegans (Wilson & Kosanke) Wilson & Venkatachala 1964. 
Plate 16, figure 10. 

1944 Florinites elegans Wilson & Kosanke, p. 330, fig. 3. 
1964 Potonieiesporites elegans (Wilson & Kosanke) Wilson & Venkatachala, p. 67-68, figs. 1,2. 

Holotype. Wilson & Kosanke (1944, fig. 3). 

Diagnosis. See Wilson & Kosanke (1944, p. 330). 

Potonieisporites microsaccus Butterworth et a1.1988. 
Plate 16, figure 9. 

1988 Potonieisporites microsaccus Butterworth et al., p. 77, pl. 6, figs. 1,2. 

Holotype. Butterworth et al. (1988, pl. 6, fig. 1). 
Diagnosis. See Butterworth et al, (1988, p. 77). 

Quasillinites Ravn & Fitzgerald 1982. 

Type species. Q. diversiformis (Kosanke) Ravn & Fitzgerald 1982. 

Diagnosis. See Ravn (1979, p. 50). 

Quasillinites diversiformis (Kosanke) Ravn & Fitzgerald 1982. 
Plate 16, figure 6. 

1950 Florinites diversiformis Kosanke, p. 49, p1.12, fig. 5. 
1979 Pseudoillinites diversiformis (Kosanke) Ravn, p. 51, p1.21, figs. 9-11. 
1982 Quasillinites diversiforrnis (Kosanke) Ravn & Fitzgerald, p. 153, p1.13, fig. 6. 

Holotype. Kosanke (1950, p1.12, fig. 5). 

Diagnosis. See Ravn (1979, p. 50). 
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Infraturma ALETESACCTTI Leschik 1956. 

Florinites Schopf in Schopf et at. 1944. 

Type species. F. inediapudens (Loose) Potoni6 & Kremp 1956 (= F. antiquus 
Schopf, in Schopf et a1.1944). 
Diagnosis. See Schopf et al. (1944, p. 56). 

Florinites florini Imgrund 1960. 
1960 Florinites%lorini Imgrund, p. 179, p1.16, fig. 94. 

Holotype. Imgrund (1960, p1.16, fig. 94). 
Diagnosis. See Imgrund (1960, p. 179). 

Florinites cf. florini. 
Plate 16, figure 11. 

Remarks. This taxon is applied sensu Smith & Butterworth (1967, p. 302-303). 

Florinites junior Potonie & Kremp 1956. 
Plate 17, figure 2. 

1956 Florinites junior Potonie & Kremp, p. 168, pl. 21, figs. 466-467. 

Holotype. Potonie & Kremp (1956, pl. 21, fig. 466). 
Diagnosis. See Potonie & Kremp (1956, p. 168). 

Florinites mediapudens (Loose) Potonie & Kremp 1956. 
Plate 16, figure 12. 

1934 Reticulata-sporites mediapudens Loose, p. 158, pl. 7, fig. 8. 
1944 Florinites antiquus Schopf in Schopf et al., p. 58-59, fig. 4. 
1956a Florinites mediapudens (Loose) Potonie & Kremp, p. 169, pl. 21, figs. 468-471. 

Holotype. Potortid & Kremp (1956, p1.21, fig. 468). 

Diagnosis. See Potoni6 & Kremp (1956, p. 169). 
Remarks. A more complete synonymy is presented in Ravn (1986, p. 122). 

Florinites minutus Bhardwaj 1957. 
Plate 16, figure 13. 

1957 Florinites minutus Bhardwaj, p. 117, p1.31, figs. 6,7. 

Holotype. Bhardwaj (1957, pl. 31, fig. 6). 
Diagnosis. See Bhadnvaj (1957, p. 117). 
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Florinites pumicosus (Ibrahim) Schopf et a1.1944. 
Plate 16, figure 8. 

1932 Sporonites pumicosus Ibrahim in Potonie et al., p. 447, p1.14, fig. 6. 
1944 Florinites? pwnicosus (Ibrahim) Schopf et al., p. 59. 

Holotype. Potonie & Kremp (1955, pl. 21, fig. 472). 
Diagnosis. See Potoni6 & Kremp (1955, p. 169). 

Florinites similis Kosanke 1950. 
Plate 17, figure 3. 

1950 Florinites similis Kosanke, p. 49, p1.12, fig. 2. 
Holotype. Kosanke (1950, p1.12, fig. 2). 
Diagnosis. See Kosanke (1950, p. 49). 

Florinites? triletus Kosanke 1950. 
Plate 17, figure 1. 

1950 Florinites trletus Kosanke, p. 50, p1.12, figs. 3-4. 
Holotype. Kosanke (1950, p1.12, figs. 3,4). 
Diagnosis. See Kosanke (1950, p. 50). 

Remarks. The presence of a definite trilete mark is contrary to the definition of 
Florinites as described by Schopf et al. (1944) and so_ this species is only 
tentatively assigned to the genus. 

Florinites visendus (Ibrahim) Schopf et al. 1944. 
Plate 16, figure 14. 

1933 Reticulata-sporites visendus Ibrahim, p. 39, pl. 8, fig. 66. 
1944 Florinites? visendus (Ibrahim) Schopf et al., p. 60. 

Holotype. Potonie & Kremp (1956, p1.21, fig. 477). 
Diagnosis. See Potonie & Kremp (1956, p. 170). 

Florinites volans (Loose) Potoni6 & Kremp 1956. 
Plate 17, figure 4. 

1932 Sporonites volans Loose in Potonie et al., p. 451, p1.18, fig. 6. 
1956 Florinites volans (Loose) Potonie & Kremp, p. 170, p1.21, fig. 462. 

Holotype. Potoni6 & Kremp (1956, pl. 21, fig. 462). 
Diagnosis. See Potoni6 & Kremp (1956, p. 170). 
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Infraturma indeterminate. 

Indeterminate genus. 

Striate monosaccate, species indeterminate. 
Plate 17, figure 9. 

Description. Monolete monosaccate miospores. Outline oval, intexine oval, 
with long axis aligned along long axis of exoexine. Exoexine infrareticulate. 
Laesura straight, simple, developed along the full length of the intexine. 
Intexine bears 6 to 8 irregular, longitudinal taeniae, 5u to l0µ wide. Length of 
exoexine 57(75)98p, width of exoexine 32(48)67p, length of intexine 35(47)55p, 

width of intexine 30(38.1)50µ; 4 specimens. 
Comparison. As far as is known, no striate monosaccates have been described. 
The taeniae on the intexine bear a resemblance to those of Illinites unicus 
Kosanke emend Helby 1966, but that species is bisaccate. 

Subturma DISACCTTES Cookson 1947. 
Infraturma DISACCTIRI[ ETT Leschik 1956. 

Parasporites Schopf 1938. 

Type species. P. maccabei Schopf 1938. 
Diagnosis. See Schopf (1938, p. 46). 

Parasporites macanensis Sabry & Neves 1971. 
Plate 17, figure 6. 

1971 Paraspora (sic) macanensis Sabry & Neves, p. 1445, pl. 3, figs. 12,15. 
Holotype. Sabry & Neves (1971, pl. 3, fig. 12). 

Diagnosis. See Sabry & Neves (1971, p. 1445). 

Parasporites cf. macanensis. 
Plate 17, figure 11. 

Remarks. Smaller (length 60(61.5)63u, width 40(47.2)50p; 6 specimens) than the 
typre material and with a less distinct trilete mark which is often obscured by 
folding of the sacci where they are in contact with the inner body. 
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Infraturma DISACCIATRILETT Leschik emend. Potonie 1958. 

Limittsporites Leschik emend. Klaus 1958. 

Type species. L. rectus Leschik 1956. 
Diagnosis. See Klaus (1958, p. 283). 

Limitisporites rectus Leschik 1956. 
1956 Limitisporites rectus Leschik, p. 133, p1.21, fig. 15. 

Holotype. Leschik (1956, pl. 21, fig. 15). 
Diagnosis. See Leschik (1956, p. 133). 

Limitisporitese cf. rectus. 
Plate 18, figures 1-3. 

Remarks. Many specimens which are comparable to L. rectus Leschik 1956 were 
recorded. They generally have a less distinct, but longer monolete mark than 
the type, and this is commonly accompanied by a broad fold. The central body 
may be circular or, oval in proximo-distal view and the sacci may be somewhat 
longitudinally extended in comparison to the type material. 

Limitisporites latus Leschik 1956. 
1956 Limitisporites latus Leschik p. 133, pl. 21, fig. 16. 

Holotype. Leschik (1956, p1.21, fig. 16). 
Diagnosis. See Leschik (1956, p. 133). 

Limitisporites cf. lotus. 
Plate 18, figure 4. 

Remarks. Specimens from. this study appear similar to the type but have a less 

well defined monolete mark and a central body which is oval-elliptical, in 
proximo-distal view, rather than circular. 

Pityosporites Seward emend. Manum 1960. 

Type species. P. antarcticus Seward 1914. 
Diagnosis. See Manum (1960, p. 14). 
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Pityosporites inaequus sp. nov. 
Plate 17, figures 12-14. 

Diagnosis. Diploxylonoid bisaccate, egg-shaped in proximo-distal view. 
Central boby sub-circular to ovoid (long axis transverse), laevigate, proximally 
thickened. No laesura or furrow visible. Sacci of markedly different sizes. Size 

of palynomorphs: overall length 40(51.4)57p, overall width 35(34.7)42, depth of 
large saccus 32(37.8)40p, depth of small saccus 23(27.3)36p; 20 specimens. 
Derivation of name. L. inaequus - asymmetrical, with reference to the 

asymmetry of the sacci. 
Type locality. Well 44/22-1, southern North Sea. 
Type horizon. Coal in core at 11752'; Duckmantian. 
Holotype. Plate 17, figure. 12. 
Comparison. P. westphalensis Wiliams 1955 is smaller and has sacci of equal 
size. 

Pityosporites westphalensis Williams 1955. 
Plate 17, figure 10. 

1955 Pityosporites westplialensis Williams, p. 467, pl. 6, figs. 1-6. 
Holotype. Williams (1955, pl. 6, fig. 1). 

Diagnosis. See Williams (1955, p. 467). 

Infraturma PODOCARPOIDTTI Potonie et a1.1950. 

Platysaccus Naumova ex Ischenko emend. Potonie & Klaus 1954. 

Type species. P. papilionis Potonie & Klaus 1954. 
Diagnosis. See Potonie & Klaus (1954, p. 10). 

Remarks. For a discussion of the taxonomy of this genus see Jansonius & Hills 
(1976, card 2032). 

Platysaccus saarensis (Bhardwaj) Jizba 1962. 
Plate 18, figure 6. 

1957a Alisporites saarensis Bhardwaj, p. 117-118, pl. 31, figs. 14,15. 
1962 Platysaccus saarensis (Bhardwaj) Jizba, p. 885, pl. 124, figs. 59-61. 

Holotype. Bhardwaj (1957a, p1.31, fig. 14). 

Diagnosis. See Bhardwaj (1957a, p. 117). 
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Infraturma STRIAT 17I Pant 1954. 

Illinites Kosanke emend. Helby 1966. 

Type species. I. unicus Kosanke emend. Helby 1966. 
Diagnosis. See Helby (1966, p. 680). 

Illinites unicus Kosanke emend. Helby 1966. 
Plate 17, figures 7,8. 

1950 Illinites unicus Kosanke, p. 51, p1.1, figs. 3,4. 
1962 Complexisporites polymorphus Jizba, p. 869, p1.121, figs. 1-14. 
1%6 11linites unicus Kosanke emend. Helby, p. 680, p1.8, figs. 9-18, pl. 9, fig. 1. 

Holotype. Kosanke (1950, p1.1, figs. 1,2). 
Diagnosis. See Helby (1966, p. 680). 
Remarks. For a more complete synonymy see Ravn (1986, p. 127) 

Protohaploxypinus Samoilovich emend Morbey 1975. 

Type species. P. latissi, nus (Luber) Samoilovich 1953. 
Diagnosis. See Morbey (1975 p. 25). 

Protohaploxypinua amplus (Balme & Hennelly) Hart 1964. 
1955 Lueckisporites amp! us Balme & Hennely, p. 93, pl. 3, figs. 24-28. 
1964 Protolzaploxypinus amplus (Balme & Hennelly) Hart, p. 1179-1180, fig. 10. 

Holotype. None designated. 

DiagnosisSee Balme & Hennelly (1955, p. 93). 

Protohaploxypinus cf. amplus. 
Plate 18, figures 12,13. 

Description. Specimens are similar to the type material and also to that figured 
by Hart (1960) and Utting (1970) except that that the intexine is very difficult to 
discern. This feature is not mentioned in the diagnosis, but Utting (1970, p. 123) 

remarks that the central body is often obscure. 

Protohaploxypinus masonii sp. nov. 
Plate 18, figures 5,7,10. 

Diagnosis. Disacciti striatiti, diploxylonoid in outline. Central body 
longitudinally oval, possessing a proximal cappa ornamented by 15 to 20 
longitudinal taeniae. Teaniae 2 to 6p wide, often irregular and with occasional 
breaks along their length. Sacci semi-circular in outline, infra-reticulate with 
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lumina mainly less than 2p in diameter. Contact of sacci with central body 

accompanied by narrow, crescentic folds. Size of palynomorphs: overall length 

85(105.4)140p , overall width 55(63.9)82p, central body length 64(66.9)82p. 
Derivation of name. Named in honour of Dr. M. Mason, retired Chief 

Operations Geologist with Conoco (UK) Ltd. in recognition of his role in 

supporting links between academic and applied palynology. 
Type locality. 44/22-1, southern North Sea. 
Type horizon. Mudstone in core at 12045'; early Duckmantian. 

Holotype. Plate 18, figures 5,7. 

Comparison. Distinguished from other species of Protohaploxypinus by the 

narrow, often broken taeniae. 

Turma PLICATES Naumova emend. Potoni61960. 
Subturma PRAECOLPATES Potoni6 & Kremp 1954. 

Infraturma indeterminate. 

Zonalosporites Ibrahim 1933. 

1933 Zonalosporites Ibrahim, p. 40. 
1936 Monoletes Ibrahim ex Schopf, p. 107. 
1954 Schopfipollenites Potonie & Kremp, p. 180. 
1%3 Cymbospora Venkatachala, p. 180. 

Type species. Z. vittatus Ibrahim 1933. 
Diagnosis. Ibrahim (1933, p. 40). 

Remarks. Potoni6 (1970) recognised the priority of Zonalosporites over Monoletes 
Ibrahim ex Schopf 1936, Schopfipollenites Potoni6 & Kremp 1954 and Cyrnbospora 
Venkatachala 1963. 

Zonalosporites ellipsoides (Ibrahim) Ravn 1986. 
Plate 18, figure 11. 

1932 Sporonites ellipsoides Ibrahim in Potonie et at. (pars. ), p. 449, pl. 17, fig. 29. 
1954 Sdiopfrpollenites ellipsoides (Ibrahim) Potonie & Kremp (pars), p. 180. 
1986 Zonalosporites ellipsoides (Ibrahim) Ravn, p. 128, pl. 40 figs. 6,7. 

Holoytpe. Potonie & Kremp (1956, pl. 22, fig. 478). 
Diagnosis. See Potonie & Kremp (1956, p. 184). 
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Subturma MONOCOLPATES Iversen & Troells-Smith 1950. 
Infraturma indeterminate. 

.I 
Cycadopites. Wodehouse emend Krutzsch 1970. 

Type species. C. follicularis Wilson & Webster 1946. 
Diagnosis. See Kratzach (1970, p. 26). 

Cycadopites sp. A. 

Plate 18, figures 8,9. 

Description. Narrow, elongate, monocolpate pollen. Colpus simple, extending 
full length of grain, accompanied by broad (2 to 4u wide), well developed labra 

which taper towards the poles; polar extremes of colpus develops into 
'teardrop-shaped' opening. Exine laevigate or finely granulate. Size of grains 
25(28.6)31p; 20 specimens. 
Remarks. The occurrence of specimens assigned to this genus is considered 
under the Discussion. 

4.2.3. Group. ACRITARCHA Evitt 1963. 

Remarks. Several taxa of acritarchs were recognised in the samples studied. In 

all cases these are considered to be reworked (see Discussion, Chapter 5). Many 

of these taxa have distinctive morphographies and so may be"readily identified. 
However, several genera are difficult to speciate in reworked material due to 
their simple morphographies. In the following account attention has been paid 
to the stratigraphic utility of acritarch taxa. Genera with numerous species and 
relatively simple morphographies (i. e.. Baltisphaeridium, Cymatiosphaera, 

Leiosphaeridia, Micrhystridium, Multiplicisphaeridiüm and Veryhachium ) and 

which promise to provide little stratigraphic information have not been 

speciated. On the other hand, many of the distinctive acritarch taxa also have 

restricted startigraphic ranges and so are useful in biostratigraphy (Downie, 

1984; Fensome et al. 1990), and so have been speciated in this account. 

No suprageneric classification has been applied, and the taxa are listed 

alphabetically. 
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Acanthodiacrodium Timofeev emend. Deflandre & Deflandre-Rigaud 1962. 

Type species. A. dentiferum Timofeev 1958. 
Diagnosis. See Deflandre & Deflandre-Rigaud (1962, p. 194). 

Acanthodiacrodium ignoratum (Deunff) Downie & Sarjeant 1965. 
Plate 19, figure 15. 

1961 Diornatisphaera ignorata Deunff, p. 44, pl. 3, fig. 16. 
1965 Acanthodiacrodium ignoratum (Deunff) Downie & Sarjeant, p. 78. 

Holotype. Deunff (1961, pl. 3, fig. 16). 
Diagnosis. See Deunff (1961, p. 44). 

Acanthodiacrodium spinum Rasul 1979. 
Plate 19, figure 17. 

1979 Acanthodiacrodium spinum Rasul, p. 66-67, pl. 3, figs. 1-7. 

Holotype. Rasul (1979, pl. 3, fig. 1)., - 
Diagnosis. See Rasul (1979, p. 66). 

Acanthodiacrodium unigeminum Timofeev ex Downie & Sarjeant 1965. 
Plate 19, figure 16. 

1959 Acanthorytidodiacrodium unigeminum Timofeev, p. 85-86, pl. 7, fig. 24. 
1965 Acanthodiacrodium unigerninum (Timofeev) Downie & Sarjeant, p. 81. 

Holotype. Timofeev (1959, p1.7, fig. 24). 

Diagnosis. See Timofeev (1959, p. 85). 

Baltisphaeridium Eisenack ex Eisenack emend. Eisenack 1969. 
Plate 19, figures 7,8. 

Type species. B. longispinosusm (Eisenack ex Wetzel) Eisenack 1959. 
Diagnosis. See Eisenack (1969, p. 249). 

Biannulatisphaerites Neville in Neves et al. 1973. 

Type species. B. simplex Neville in Neves et al. 1973. 
Diagnosis. See Neves et al. (1973, p. 40). 

Biannulatisphaerites simplex Neville in Neves et a1.1973. 
Plate 19, figure 1. 

1973 Biannulatisphaerites simplex Neville in Neves et al., p. 40, p1.1, figs. 1,2. 
Holotype. Neves et al. (1973, p1.1, fig. 1). 
Diagnosis. See Neves et al. (1973, p. 40). 
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Buedingiisphaeridium Schaarschmidt emend. Lister 1970. 

Type species. B. permicum Schaarschmidt 1963. 
Diagnosis. See Lister (1970, p. 59,61). 

Buedingiisphaeridium pyramidale Lister 1970. 
1970 Buedingiispiweridium pyramidale Lister, p. 61, pl. 3, figs. 11-14. 

Holotype. Lister (1970, p1.3, fig. 12). 
Diagnosis. See Lister (1970, p. 61). 

Buedingiiisphaeridium cf. pyrarnidale. 
Plate 19, figure 4. 

Remarks. The specimens recovered in this study have fewer (c. 75%) thickened 
pyramidal ornamental elements than the type material. 

Chomotriletes Naumova ex Nauenova 1953. 

Type species. C. vedugensis Naumova 1953. 
Diagnosis. See Naumova (1939, p. 355). 

Chomotriletes vedugensis Naumova 1953. 
Plate 19, figure 2. 

1953 Chomotriletes vedugensis Naumova, p. 58, p1.7, figs. 21-22. 

Lectotype. Naumova (1953, p1.7, fig. 21). 
Diagnosis. See Naumova (1953, p. 58). 

Cymatiogalea Deunff emend. Rasul 1974. 

Type species C. margaritata Deunff 1961. 
Diagnosis. See Rasul (1974, p. 52). 

Cymatiogalea cristata (Downie) Rauscher 1973. 
Plate 19, figure 21. 

1958 Baltisphaeridium cristatum Downie, p. 338-339, p1.16, fig. 4. 
1973 Cymatiogalea cristata (Downie) Rauscher, p. 65-66, p1.1, fig. 21. 

Holotype. Downie (1958, p1.16, fig. 4). 
Diagnosis. See Downie (1958, p. 338-339). 
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Cymatiogalea cuvillierii (Deunff) Deunff 1964. 
Plate 19, figure 22. 

1961 Priscogalea curn7lierii Deunff, p. 41, p1.1, fig. 2. 
1964 Cymatiogalea cuvillierii (Deunff) Deunff, p. 124. 
Holotype. Deunff (1961, p1.1, fig. 2). 

Diagnosis. See Deunff (1961, p. 41). 

Cymatiogalea multarea (Deunff) Eisenack et al. 1973. 
Plate 19, figure 23. 

1961 Priscogalea multarea Deunff, p. 41, p1.1, fig. 5. 
1973 Cymatiogalea multarea (Deunff) Eisenack et al., p. 229. 

Holotype. Deunff (1961, p1.1, fig. 5). 
Diagnosis. See Deunff (1961, p. 41). 

Cymatiosphaera Wetzel ex Deflandre 1954. 
Plate 19, figure 13. 

Type species. C. radiata Wetzel 1933. 
Diagnosis. See Deflandre (1954, p. 257). 

Cymbosphaeridium Lister 1970. 

Type species. C. bikidium Lister 1970. 
Diagnosis. See Lister (1970, p. 145). 

Cyrnbosphaeridium bikidium Lister 1970. 
Plate 19, figures 27,30. 

1970 Cymbosphaeridium bikidium Lister, p. 64-65, pl. 6, figs. 1-9. 
Holoype. Lister (1970, pl. 6, fig. 1). 
Diagnosis. See Lister (1970, p. 64). 

Dasydiacrodium Timofeev ex Deflandre & Deflandre-Rigaud 1962. 

Type species. D. eichwaldii Timofeev 1959. 
Diagnosis. See Timofeev (1959, p. 88). 
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Dasydiacrodium annosum Rasul 1974. 
Plate 19, figure 18. 

1974 Dasydiacrodium annosum Rasul, p. 67-68, pl. 2, fig. 9. 
Holotype. Rasul (1974, p1.2, fig. 9). 
Diagnosis. See Rasul (1974, p. 67). 

Diexallophasis Loeblich 1970. 
Plate 19, figure 31. 

Type species. D. denticulata (Stockurans & Williere) Loeblich 1970. 
Diagnosis. See Loeblich (1970, p. 714). 

Leiosphaeridia Eisenack emend. Downie & Sarjeant 1963 
Plate 19, figure 3. 

Type species. L. baltica Eisenack 1958. 
Diagnosis. See Downie & Sarjeant (1963, p. 94). 

Lophosphaeridium Timofeev ex Downie emend Lister 1970. 
Plate 19, figure 26. 

Type species. L. rarum Timofeev 1959. 
Diagnosis. see Lister (1970, p. 61). 

Micrhystridium Deflandre emend. Lister 1970. 
Plate 19, figures 5,6. 

Type species. M. inconspicuum (Deflandre) Deflandre 1937. 
Diagnosis. See Lister (1970, p. 77). 

Multiplicisphaeridium Staplin emend. Turner 1984. 
Plate 19, figure 9. 

Type species. M. ramispinosum Staplin 1961. 
Diagnosis. See Turner (1984, p. 120). 
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Polygonium Vavrdovä 1966. 

Type species. P. gracile Varvdovä 1966. 
Diagnosis. See Vavrdoä (1966, p. 412-413). 

Polygonium gracile Vavrdovä 1966. 
Plate 19, figure 11. 

1966 Polygonium gracile Vavrdovä, p. 413-414, pl. 1, fig. 3, pl. 3, fig. 1, text-figs. 3b, 4b. 
Holotype. Vavrdovä (1966, p1.1, fig. 3, text-fig. 3b). 

Diagnosis. See Vavrdovä (1966, p. 413-414). 

Priscogalea Deunff emend. Rasul 1974. 

Type species. P. barbata Deunff 1961. 
Diagnosis. See Rasul (1974, p. 47). 

Priscogalea cortinula Deunff 1961. 
Plate 19, figure 9. 

1%1 Priscogalea cortinula Deunff, p. 41, p1.1, figs. 8,10. 
Holotype. Deunff (1961, p1.1, fig. 8). 

Diagnosis. See Deunff (1961, p. 41). 

Priscogalea fimbria Rasul 1974. 
Plate 19, figure 20. 

1974 Priscogaleafimbria Rasul, p. 47, pl. 3, figs. 1-2. 
Holotype. Rasul (1974, p1.3, fig. 1). 
Diagnosis. See Rasul (1974, p. 47). 

Stelliferidium Deunff 1974. 

Type species. S. striatulum (Vavrdovä) Deunff et a1.1974. 
Diagnosis. See Deunff (1974, p. 13). 

Stelli feridium simplex Deunff emend. Deunff et a1.1974. 
Plate 19, figures 24,25. 

1961 Stelliferidium simplex Deunff, p. 41, p1.1, fig. 9. 
1974 Stelliferidium simplex Deunff emend Deunff et al., p. 15. 

Holotype. Deunff (1961, p1.1, fig. 9). 
Diagnosis. See Deunff et al. (1974, p. 41). 
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Timofeevia Vanguestaine 1978. 

Type species. T. lancariae (Cramer & Diez) Vanguestaine 1978. 
Diagnosis. See Vanguestaine (1978, p. 272). 

Timofeevia acremonia Rasul 1979. 
Plate 19, figure 10. 

1979 Timofeevia acremonia Rasul, p. 68-69, pl. 3, fig. 9. 
Holotype. Rasul (1979, p1.3, fig. 9). 
Diagnosis. See Rasul (1979, p. 68). 

Veryhachium Deunff emend. Turner 1984. 
Plate 19, figure 29. 

Type species. V. trisulcum Deunff ex Deunff 1959. 
Diagnosis. See Turner (1984, p. 139). 

Veryhachium wenlockianum Downie ex Wall & Downie 1963. 
Plate 19, figure 4. 

1959 Veryliachium tetraedon var. uvnlockium Downie, p. 62, pl. 12, figs. 9,11. 
1963 Veryhachium wenlockianuin Downie ex Wall & Downie, p. 782. 

Holotype. Downie (1959, p1.12, fig. 9). 

Diagnosis. See Downie (1959, p. 62). 
Remarks. For a discussion on the validation and choice of specific epithet of 
this species see Fensome et al. (1990, p. 527). 
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5. DISCUSSION. 

5.1. PALYNOSTRATIGRAPHIC CLASSIFICATION. 

5.1.1. Strengths and weaknesses. 

The boundaries between biozones are marked by the appearence and/or 
disappearence of one or more taxa, and, in some instances, by the stratigraphic 
upper or lower limits of species epiboles. Consequently the assignment of a 
particular fossil assemblage in isolation to a biozone may be difficult, although 
usually not impossible provided that it has a reasonable taxonomic diversity. 
The biostratigraphic classification is most readily applied to a range of 
assemblages spread over a stratigraphic interval , such that the appearences 
and extinctions of taxa can be observed and this is indeed the usual situation 
when dealing with the biostratigraphic analysis of off-shore well sections. 

When plotted against an absolute chronostratigraphic time-scale (Figure 24) it 
is apparent that the palynostratigraphic resolution of the biozones is variable. 
There is a concentration of biozones and sub-biozones in the late Langsettian 

and Duckmantian. Rather than representing any greater increase in the 

evolution and extinction of miospore species over this stratigraphic interval, 
this probably represents a sampling bias. As shown in Figure 12, a 
disproportionate number of well sections in the database provide coverage 
over this interval. This is due primarily to the targetting of early Duckmantian 

prospects (e. g. the Murdoch reservoir sandstone and approximate equivalents) 
by Conoco (UK) Ltd. Furthermore, the existence of potentially economic 
prospects in this part of the succession has meant that a disproportionate 

amount of core has been drilled here. Therefore, the classification over this 
interval is based on large amounts of high-quality data, while other intervals 
have less coverage based on fewer cored sections. 

In other parts of the Westphalian the well coverage is not so extensive (see 
Figure 12). Few wells penetrate into the middle and early Langsettian, although 
there is excellent coverage provided by the multi-well studies in Blocks 44/28 
(McLean & Neves, 1993a) and 48/ lib (McLean, 1991a). The lower parts of this 
interval (i. e. towards the base of the Langsettian) often display a reduction in 

sample quality in terms of both abundance and diversity of assemblages. The 

reasons for this remain uncertain. The drop in assemblage quality may be due 
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Figure 24. Summary of the Palynostratigraphic classification of the 
Westphalian of the Southern North Sea Carboniferous Basin. 
Absolute time scale after Lippolt et al. (1984) and Hess & Lippolt 
(1986). 
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to palaeoenvironmental or post-depositional preservational effects. In sand- 
prone parts of the sequence, such as often occur. in the early Langsettian-late 
Namurian, assemblages may be locally mature, possibly 'due to thermal 
conductivity of sandbodies, or to the effects of oxidising groundwaters 
circulating within sandbodies. In any case, it is possible that a higher definition 

of biozones is not possible in the early Langsettian. Turner & Spinner (1993) 

suggest that the rate of evolution and extinction of microfloras in this part of 
the Silesian (at least in the Central Pennine Basin) is reduced, and hence less 
biostratigraphic resolution should be expected. 

The reduction in biostratigraphic resolution above the Duckmantian is firstly 
due to the fact that few of the database wells penetrate the Bolsovian- 
Westphalian D. Until recently, exploration in the Silesian of the S. N. S. C. B. has 

concentrated on the structural highs where post Duckmantian section has been 
removed by pre-Permian erosion. With the recognition of Bolsovian- 
Westphalian D prospects (e. g. Besley et al., 1993) it may be that more material 
over this interval will become available. Secondly, due to the red-bed nature of 
much of the sediments of this age, it seems likely that palynological resolution 
will remain limited. The results of careful sampling (e. g. Turner, 1990a, and, 
from onshore, 1991b) do hold promise for the future palynological subdivision 
of the Bolsovian and Westphalian D. 

5.1.2. Definition of biozonal boundaries. 

The published stratigraphic distributions of Silesian miospore taxa (e. g. Clayton 

et al., 1977) show that changes in miospore assemblages are gradational. Range 

charts of species distributions characteristically have an ascending (or 
descending) sequence of miospore range tops and bases (e. g. see Figure 14c for 

a limited number of taxa). This may seem to indicate that the choice of 
inception or extinction datums which are selected to define biozone boundaries 
is therefore somewhat arbitrary. However, there are certain levels at which 
significant numbers of species appear and/or disappear which provide useful 
biostratigraphic markers and which are taken to define the biozonal 
boundaries. In reality, and on a small (centimetre) scale, the precise position of 
biozonal boundaries may be difficult to identify consistently and may be 
influenced by 'external' factors such as sample spacing. In practice it is 

generally preferable to define the biozonal boundaries as coincident with the 
bases of marine bands where possible. This achieves two things. Firstly, it 

means that the biozones may be relatable directly to the series and stages of the 
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Silesian, the stratotypes of which are defined by the bases of particular 

goniatite-bearing, marine *bands (Ramsbottom, 1981; Owens et al., 1985). 
Secondly, because of this, much confusion caused by overlap of 
chronostratigraphic and biostratigraphic units and terminology is avoided. 

It must be stressed that this apparent simplification of the positioning of the 
biozonal boundaries is justified by the actual stratigraphic distribution of 
miospores which appears, to indicates a relationship between the development 

of marine bands and the evolution and extinction of miospore species. Neves 

and Ramsbottom (in Owens et al., 1977) suggest that miospore evolution is 

related to competition for ecological niches as delta top environments expand 
and contract as a response to marine transgressions and regressions. It is 

probable that these fluctuating sea levels are of glacio-eustatic origin, driven by 

expansion and contraction of the Gondwanaland ice sheets (e. g. Heckel, 1990; 
Ross & Ross, 1985). There is therefore likely to be an element of evolutionary 
stress on the miospore-producing vegetation imparted by climatic oscillations, 
as well., as by niche competition. Recent studies of Quaternary 

palaeoenvironments in the tropics suggest that glacial and interglacial floras 

were markedly different in their composition, and that changing tropical 
climatic conditions have had a profound effect upon evolutionary pressure and 
niche competition (Paul Colinvaux, pers. comm. ). As research into tropical 
Quaternary palynology advances it is possible that this may provide an 
analogue for-the palaeotropical (i. e. Euramerian) Carboniferous palynology 
which may aid the interpretation of Westphalian palynostratigraphic changes. 

5.1.3. Comparison with other dassifications... 

Assemblages from the database well sections are correlatable with the onshore 
chronostratigraphy by reference to the regional palynostratigraphic 
classifications of Smith & Butterworth (1967) and Clayton et al. (1977). Several 
taxa (e. g. Schulzospora rara, 'Radii onates aligerens, Triquitrites sculptilis, Vestispora 

magna) have directly comparable homotaxial stratigraphic ranges allowing a 
relatively simple correlation between on-shore and off shore biozones (Figure 
25). However, several of the critical taxa used in the S. N. S. C. B. classification 
have different stratigraphic ranges from those recognised onshore and, in some 
cases (e. g. Anafoveosporites avcinii, Sinuspores cf. sinuatus Hymenospora 

murdochensis sp. nov. ), the taxa have not been reported previously from 

northwest Europe. A comparison of the ranges of critical miospore taxa from 

onshore and off-shore is shown in Figure 26. The existence of disparate 
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stratigraphic ranges in neighbouring sub-basins is, to some extent, to be 

expected as local palaeoenvironmental and sedimentological factors may 
conspire to extend or contract the apparent stratigraphic range of a particular 
taxon. It is hoped that the size of the data base is such as to present the true 

stratigraphic range of taxa on a sub-basinal scale but the existence of intra- 
basinal geographic and stratigraphic variation cannot be ruled out. 
Furthermore, the presence of conspicuous reworking of material into the 
S. N. S. C. B. (as discussed below) indicates the possibility of atrificially extended 
stratigraphic ranges. 

5.2. ASPECTS OF THE PALYNOSTRATIGRAPHY OF THE MURDOCH 
GAS FIELD. 

5.2.1. Stratigraphically restricted taxa. 

Several of the taxa recorded from the well sections in the Murdoch Gas Field 

appear to have stratigraphically restricted ranges with range tops or bases 

encountered within the interval studied (Figure 27). Of particular note are the 

stratigraphic range tops of the taxa Auroraspora? pickerillensis, Deltoidospora aff. 
tumida, Spelaeotriletes cf. oppletus, and Knoxisporites biceps, and the stratigraphic 
range bases of Pityosporites inaequus and Vestispora dubia, which may help to 
define the base of the W4b sub-biozone. The base of the W4a sub-biozone may 
be further identified by the stratigraphic range bases of the taxa Reticulitriletes 

aff. distortus, Protohaploxypinus spp., Raistrickia parvula, R. subcrinata, R. 

virgultoruin, Spelaeotriletes cf. pretiosus, Endosporites pygmaeus, 
Converrucosisporites aff. vermiformis, Calamospora obtecta and Cycadopites sp. A. It 

is possible that the ranges of these taxa may be useful in further defining or 

refining the palynostratigraphic subdivision of the S. N. S. C. B. Westphalian, 

although it should be recognised that further studies may extened these ranges. 

5.2.2. Reworked taxa. 

Palynological assemblages commonly contain reworked material although this 
is often overlooked or ignored (Streel & Bless, 1980). There are few published 
European records of palynomorphs reworked into sediments of Westphalian 

age. Bless & Streel (1976) described reworked middle Devonian to early 
Westphalian miospores from Bolsovian deposits of South Limburg. The 
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Netherlands, and also recorded reworked acritarchs. Van der Laar & Fermont 
(1989) described reworked miospores and acritachs from Langsettian to 
Bolsovian sequences of the same area. McLean (1992g) described acritachs and 
miospores of Tremadoc to Namurian age reworked into Langsettian sandstones 
in the Central Pennine Basin. Early Namurian miospores have been recovered 
from reworked coal pebbles in Duckmantian to Bolsovian deposits in Poland 
(Dembowski & Jachowicz, 1964). There are no published records of reworked 
palynomorphs from the S. N. S. C. B. although many industrial reports recognise 
the occurrence of reworking (e. g. Neves 1985b; McLean, 1992b). 

Several taxa recovered from samples from the Murdoch Field wells may be 

considered to be reworked. This interpretation is made on the basis of 
anomalous spore (or acritarch) colour, indicative of higher thermal maturity of 
the reworked palynomorphs (Staplin, 1969; Legall et al., 1981), and/or the 
recognition of distinctive morphographic types which are known to occur only 
in strata of a different age. In practice, the sole use of the latter criterion can 
lead to circular logic in the definition of the stratigraphic ranges of taxa and/or 
the identification of reworking. Therefore, in this study, taxa identified as 
reworked solely on the basis of their morphography are considered to be 
"possible reworking". Another indication of the presence of reworking is the 
recognition of marine palynomorphs (in this case acritarchs) in non-marine 
sediments. Due to the nature of dispersal of terrestrial palynomorphs into 
marine environments this is not applicable to the recognition of terrestrial 
palynomorphs in marine sediments. Finally, the recognition of a taxon in coal is 
taken to indicate that it is unlikely to be reworked, as sediment input (and 
hence the possibility of introduction of reworked material) into raised coal 
mires is limited (e. g. Spears, 1987). The potential for identifying 
contemporaneous taxa from their presence in coals is, however, limited by the 
fact that many taxa are rarely, if ever, represented in coal seam assemblages but 
may be common in non-coal lithologies (e. g. Neves, 1961). 

Taxa which are considered to be reworked or possibly reworked are listed in 
Tables 3 and 4, with their likely original stratigraphic provenance. This list 
indicates that there are two principal ages of reworked material: Lower 
Palaeozoic (mainly Ordovician - Silurian) and Visean to mid Namurian; with 
less well represented Cambrian and possible Devonian - Tournaisian ages. 

Mapping of the pre-Permian subcrop in the southern North Sea indicates the 

presence of extensive exposures of Devonian to Namurian sediments around 
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TAXA Present 
in Coals 

Over- 
mature 

Stratigraphic 
age 

Verrucosisporites cf. eximius Visean 

Tricidarisporites arcuatus x Visean -Arnsbergian 

Diatomozonotriletes rarus Visean 

Bellispores nitidus x Visr an - early Langsettian 

Rotaspora knoxii x Visean - mid Pendleian 

Rotaspora? xenica Visean 

Stenozonotriletes coronatus x Visean - Pendleian 

Stenozonotriletes perforatus x Visean 

Kraeuselisporites echinatus Visean - mid Marsdenian 

Kraeuselisporites ornatus Visean - mid Langsettian 

Grandispora spinosa Visean - Arnsbergian 

Rugospora corporata x Visean - Marsdenian 

Hymenozonotriletes explanatus x Tournaisian 

Densosporites spinosus x Pendleian - Marsdenian 

Vallatisporites vallatus x Visean - Chokierian 

Schulzospora campyloptera Visean - Marsdenian 

Table 3. Reworked and possibly reworked miospore taxa encountered in the 
Murdoch Gas Field. Str ati hi grapc ages after Playfonl (1962), Neves et al. (1973), 
Butterworth (1984) & Higgs (1988). 



201 

TAXA Present 
in Coals 

Over. 
mature 

Stratigraphic 
age 

Acanthodiacrodium ignoratum mid Cambrian 

Acanthodiacrodium spinum x Tremadoc 

Acanthodiacrodium unigminum x Cambrian 

Baltisphaeridium spp. X Cambrian - Recent 

Biannulatisphaerites simplex Vislan - mid Pendleian 

Buedingiisphaeridium pyramidale Ludlow 

Chomotriletes vedugensis x Frasnian 

Cymatiogalea cristata x Early Ordovician 

Cymatiogalea cuvillieril x Tremadoc 

Cymatiogalea multarea x Tremadoc 

Cymbosphaeridium bikidium x Ludlow 

Dasydiacrodium annosum x Tremadoc 

Diexallophasis spp. Silurian - Visdan 

Leiosphaeridia spp. X Precambrian - Recent 

Micrhystridium spp. X Precambrian - Recent 

Multiplicisphaeridium spp. Cambrian - Triassic 

Polygonium gracile x Arenig 

Priscogalea cortinula x Tremadoc 

Priscogaleafimbria X Tremadoc 

Stelliferidium simplex x Tremadoc 

Timofeevia acrimonia Tremadoc 

Veryhachium wenlockianum Wenlock 

Table 4. Reworked and possibly reworked acritarch taxa encountered in the 
Murdoch Gas Field. Stratigraphic ages after Fensome et al. (1990). 
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the margins of the Westphalian depositional centres in the S. N. S. C. B. (Leeder & 
Hardman, 1990) (Figure 28). These, no doubt to some extent reflect the 
Westphalian outcrop patterns although extensive thicknesses of Westphalian 

cover must have been removed beforehand. The presence of Visean to mid- 
Namurian reworking in the Langsettian - Duckmantian sediments indicates 
that there was considerable erosion of sediments of these ages by the river 
systems which fed the S. N. S. C. B. from the North (Leeder, 1988a; Leeder & 
Hardman, 1990). Erosion was presumably concentrated around the basin 

margins whilst sediment was accumulating within the subsiding basin centre. 
The presence of Lower Palaeozoic reworking is somewhat more problematic. 
Seismic mapping indicates the possiblity that there are isolated outcrops of 
Lower Palaeozoic strata exposed though the Devonian cover in Quadrant 37 
(Leeder & Hardman, 1990) and these, although relatively small, may have 

provided the source for the reworked material. Alternatively, the material may 
be far-travelled, being derived from Scandinavian Lower Palaeozoic outcrops. 
It is also possible that the Lower Palaeozoic material has undergone several 
cycles of reworking and redeposition, having been first reworked into Visean- 
Namurian sediments and subsequently reworked (together with Upper 
Palaeozoic palynomorphs) into the Westphalian. 

5.2.3. Striate Bisaccate and monocolpate palynomorphs. 

Several taxa recorded from the Murdoch sections appear to have anomalous 
stratigraphic occurrences. Other than the reworked material described above, 
these belong to the morphographically distinct striate bisaccate 
(Protohaploxypinus) and monocolpate (Cycadopites) groups of palynomorphs. 
These morphographic types are more usually associated with sediments of 
Permian age or younger, and so their occurrence in Duckmantian strata 
deserves comment. It is possible that these palynomorphs represent 
contamination, either by downhole caving of material in cuttings samples, 
injection of contaminated drilling mud in core and sidewall core samples, and 
by intra-sample contamination in the laboratory. However, as striate bisaccate 

and monocolpate palynomorphs were recovered from core samples it is highly 

unlikely that their presence is due to downhole caving. In order to discount the 

possibilities of contaminated mud injection or laboratory contamination several 
samples of compact, relatively impermeable mudstones and claystones were 
carefully examined and found to contain no visible traces of injected mud. 
These samples were carefully reprocessed and were still found to contain 
striate bisaccate and monocolpate specimens. Furthermore, the preservation of 
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Figure 28. Pre-Permian subcrop map (after Leeder & Hardman, 
1990). 
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the material is identical to that of the in situ Silesian material. i. e. it is of the 
same thermal maturity and has similar microbial or pyrite damage effects to 

other palynomorphs in the same assemblage. It seems likely that this material is 

contemporaneous. 

The incipient striate bisaccate species Illinites unicus (in which the taeniae are 
irregularly developed). has been recorded from the early Langsettian of on- 
shore U. K. (McLean, 1991b) and from the Caseyville Formation (= late 
Langsettian) of Iowa (Ravn, 1986). However, true striate bisaccates, of the 
Protohaploxypinus type, have not been recorded from Europe in sediments older 
than early Bolsovian (e. g. Clayton et al., 1977; Van der Laar & Fermont, 1989). 
Beyond Europe, specimens assigned to Protohaploxypinus sp. have been 
described from the ? latest Namurian Hongtuwa Formation of northwest China 
by Zhu (1993). The presence of Protohaploxypinus spp. in the Murdcoch Field 
Duckmantian sequences represents an occurrence of striate bisaccates which is 

significantly older than previously recorded in Europe. 

Monocolpate palynomorphs attributed to the genus Cycadopites were recovered 
from throughout the Duckmantian interval in the Murdoch Field wells. 
Morphographically similar palynomorphs (assigned to the genus Cheileidonites) 

are not previously recorded from European sediments older than the base of 
the Stephanian (Clayton et al., 1977; Pi-Radondy & Doubinger, 1968). They 
have, however, been reported from the ? latest Namurian Hongtuwa Formation 
of northwest China (Zhu, 1993) in the same assemblages as Protohaploxypinus. 
Laveine et al. (1987) note that form-genera of fossil plants in the Cathaysian 

palaeofloristic area tend to occur stratigraphically lower than in other parts of 
the Euramerian palaeofloristic kingdom (which includes northwest Europe). It 

would seem reasonable to suggest that this would also be true of dispersed 
palynomorph taxa. This, however, does not help to explain the apparently 
anomalous presence of these forms in the S. N. S. C. B. 

Three possible explainations for this anomaly are suggested. 1. Specimens have 

gone unrecognised (unlikely due to their highly distinctive morphographies) or 
have been attributed to contamination by one method or another. 2. The 

microfloras in the Duckmantian of the S. N. S. C. B. in part represent an unusual 
vegetation which has not been represented in other northwest European basins. 
Given the palaeoenvironmental and sedimentological similarities of the on- and 
off-shore European Carboniferous basins, and the potential of bisaccate pollen 
grains for long distance distribution, this also seems unlikely. In any 
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event, if this was the case striate bisaccate and monocolpate pollen would have 
been reported from the S. N. S. C. B. 3. The forms have been recognised but, due 
to. the confidential and competetive nature of much of the biostratigraphy 

carried out in the S. N. S. C. B., have gone unreported in the public domain. 
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6. CONCLUSIONS. 

The Westphalian successions in the Southern North Sea Carboniferous Basin 
have been divided into 7 biozones and 12 sub-biozones defined by the 
stratigraphic range tops and bases and epibole tops and bases of 77 critical 
miospore taxa. Due to the nature of the well database, these biozones are most 
refined in the late Langsettian and Duckmantian. Bolsovian and Westphalian D 
biozones are rdi. -nvdiy ooarsLiy'o&nnda'oue to poor representänon'cr secnons 
of this age in the database, and also to the red-bed nature of sediments of this 
age, which often precludes the recovery of good palynological assemblages. 
Early Langsettian biozones are of relatively low resolution, but this may be 

related to a reduced rate of species turnover at this time. 

The biozones are relatable to onshore chronostratigraphic Stages via regional 
palyncstratigraphic schemes. Analysis of the palyndogy of three Westphalian 

well sections in the Murdoch Gas Field (Block 44/22), coupled with the 
recognition of macrofossil faunas indicative of the Vanderbeckei Marine Band, 
allows direct calibration of part of the classification with the 
chronostratigraphy. It is to be hoped that future recognition of marine band 
faunas will allow the calibration of other parts of the classification. The ultimate 
test of the classification will be in its applicability to further well sections in the 
S. N. S. C. B. 

Westphalian palynological assemblages from the Murdoch Field are well 
preserved and diverse. Reworked palynomorphs (mainly of Tremadoc 
Silurian and Namurian ages) are common. Unusually old specimens of striate 
bisaccate (Protohaploxypinus) and monocolpate (Cycadopites) pollen are recorded 
from the Duckmantian of these well sections. 
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PLATES. 

All figured specimens are recovered from wells 44 / 22-1,44 / 22-2 and 44 / 22-3 

except for specimens of those taxa used in the biostratigraphic classification 

which were not encountered in the 44/22 study. Such figured specimens wells 

are indicated by an asterisk. 

Specimens are identified by well number; sample depth; slide number; England 
Finder reference. 

All specimens are illustrated at a magnification of x500 unless otherwise stated. 

PLATE 1. 

1. Adelisporites multiplicatus. Laevigate form. 44/22-1,11414.9', 1, F45. 
2. Adelisporites multiplicatus. Granulate form. 44/22-1,11685,1, T66-1- 
3. Calamospora parva. 44/22-1,11375.5', 1, K53.1. 
4. Calamospora straminea. 44/22-1,11685,2, R46. 
5. Calamospora multiplicata. 44/22-1,11414.9,1, K32.1. 
6. Calamospora breviradiata. 44/22-1,11610', 3, Q31.4. 
7. Calamospora hartungiana. 44/22-1,11758,1, F47.4. 
8. Calamospora pedata. 44/22-1,11878', 2, P31. 
9. Calamospora majus. 44/22-1,11753', 2, P41.3. 
10. Calamospora inagnifrca. 44/22-3,11458', 1, J52.3. 
11. Calamospora cf. laevigata. 44/22-3,12016', 1, G43.1. 
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PLATE 2. 

1. Calamospora perrugosa. 44/22-1,11685,1, J38.1. 
2. Calamospora cf. pallida. 44/22-1,11878,1, K44.4. 
3. Calamospora pallida. 44/22-1,11424.9,2,055. 
4. Calamospora labiata. 44/22-1,11506', 1, V52. 
5. Calamospora microrugosa. 44/22-1,11752,2, S37.2. 
6. Calamospora liquida. 44/22-1,11393,1, T54.4. 
7. Calamospora mutabilis. 44/22-1,11393,1, G62.3. 
8. Calamospora obtecta. 44/22-1,11878,2, G42. 
9. Deltoidospora subadnatoides. 44/22-3,11920', 1, V45.4. 
10. Deltoidospora adnata. 44/22-1,11758', 1, Q54.4. 
11. Deltoidospora inerina. 44/22-4,12252.6,2, L47.1. 
12. Waltzispora polita. 44/22-1,11758,1,1V36.3. 
13. Deltoidospora subintorta. 44/22-4,12095,1, J36. 
14. Deltoidospora levis. 44/22-1,11752', 1, F48.3. 
15. Deltoidospora convexa. 44/22-1,11414.9,1, T37. 
16. Deltoidospora ornata. 44/22-4,12253.7', 1,049.4. 
17. Deltoidospora smithii. 44/22-3,11855', 2, C61.3. 
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PLATE 3. 

1. Deltoidospora minuta. 44/2-1,11683', 1, P30. 
2. Deltoidospora priddyi. 44/22-1,11880', 1, X67.4. 
3. Deltoidospora sphaerotriangula. 44/22-1,11785,1, F48.4. 
4. Retusotriletes minutus. 44/22-1,11375.5', 1, G29.3. 
5. Retusotriletes minutus. 44/22-1,11414.9', 1, C34.4. 
6. Deltoidospora aff. tumida. 44/22-1,12060', 2, S38.1. 
7. Deltoidospora aff. tumida. 44/22-1,12060,1, U45. 
8. Punctatisporites minutus. 44/22-1,11414.9', 2, R46-4- 
9. Punctatisporites minutus. 44/22-1,11414.9,2, L50-3- 
10. Punctatisporites glaber. 44/22-3,11876', 1, E50. 
11. Deltoidospora aff. tumida. 44/22-1,12031', 1, E43. 
12. Punctatisporites edgarensis. 44/22-1,11878', 2, J56.4. 
13. Punctatisporites nitidus. 44/22-1,12031', 2, P43. 
14. Punctatisporites glaber. 44/22-1,11753,1, P37. 
15. Punctatisporites punctatus. 44/22-3,11855,4, X49.2. 
16. Punctatisporites aerarius. 44/22-1,12064', 1, C63.3. 
17. Punctatisporites flavus. 44/22-1,11389', 1, H59.4. 
18. Punctatisporites obesus. 44/22-1,12242', 2, P39.4. 
19. Punctatisporites pseudopunctatus. 44/22-1,11600', 2, R55.2. 
20. Punctatisporites flavus. 44/22-1,11878,2, R35. 
21. Sinuspores cf. sinuatus. 44/22-4,12130', 1, H56. 
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PLATE 4. 

1. Sinuspores sinuatus. Broken specimen. 44/22-4,12430', 2, K40.3. 
2. Scutulum pusillum. 44/22-1,11375.5,1, V39.3. 
3. Anapiculatisporites northumbriensis. 44/22-1,11414.9, . 1, S39. 
4. Anapiculatisporites protuberatus. 44/22-1,11683', 1, C47 
5. Spinosifriletes paucispinosus. 44/22-1,12060', 3, L36. 
6. Spinositriletes minor. 44/22-3,12019', 2, L49.4. 
7. Anapiculatisporites baccatus. 44/22-1,11422', 1, H40.3. 
8. Apiculiretusispora granulata. 44/22-3,11458,1, E60. 
9. Apiculiretusispora minuta. 44/22-1,11422,1, C60.4. 
10. Lophotriletes pseudaculeatus. 44/22-1,11685,2, F43. 
11. Lophotriletes commissuralis. 44/22-1,11753,1, R53. 
12. Lophotriletes gibbosus. 44/22-1,12242,1, F48. 
13. Lophotriletes ibrahimii. 44/22-1,12028,2, H51.4. 
14. Lophotriletes mosaicus. 44/22-1,12060', 3, L53.3. 
15. Lophotriletes inicrosaetosus. 44/22-1,12242,1, S57. 
16. Lophotriletes ef. microsaetosus. 44/22-1,11393,1, R58. 
17. Tantillus triquetrus. 44/22-1,11600', 1, G51.1. 
18. Apiculatasporites aculeatus. 44/22-1,11422,1, Q40.3. 
19. Apiculatasporites spinulistratus. 44/22-1,12064', 2, K48.2. 
20. Apiculatasporites latigranifer. 44/22-1,11506', 2,052.2. 
21. Apiculatasporites latigranifer. 44/22-4,12102', 2, Q36.3. 
22. Apiculatasporites spinososaetosus. 44/22-3,11458,1, K48.3- 
23. Apiculatasporites setulosus. 44/22-4,12380', 1,044.2. 
24. Apiculatasporites variocorneus. 44/22-1,12119', 2,033.3. 
25. Dibolisporites ranunculioides. Tetrad. 44/22-1,11878', 2, L37. 
26. Pilosisporites microspinosus. 44/22-1,11414.9', 1, H34.2. 
27. Pilosisporites aculeolatus. 44/22-1,11878', 1, H31.4. 
28. Pilosisporites williamsii. 44/22-1,11433,2, N47.4. 
29. Dibolisporites ranunculioides. Holotype. 44/22-1,11878', 2, N46-1- 
30. Dibolisporites ranunculioides. Specimen with visible trilete mark. 44/22-1, 

12032', 2, F51.3. 
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PLATE 5. 

1. Granasporites medius. 44/22-1,11389,1, K40.1. 

2. Cyclogranisporites aureus. 44/22-1,11506', 1, K35.4. 

3. Cyclogranisporites multigranus. 44/22-1,11685,1, Q62.1. 

4. Cyclogranisporites minutus. 44/22-1,11506,1, X60.1. 

5. Cyclogranisporites leopoldii. 44/22-1,12045', 1, N52.2. 

6. Granulatisporites granoornatus. 44/22-1,11393,1, T59. 

7. Granulatisporites adnatoides. 44/22-1,11600', 1, S51. 

S. Granulatisporites cf. piroformis. 44/22-3,12013', 1, X63.1. 

9. Granulatisporites microgranifer. 44/22-1,12045,1, X29. 

10. Granulatisporitesgranulatus. 44/22-3,11600', 2, R38. 

11. Converrucosisporites aff. vermiformis. 44/22-1,11414.9', 1, H38. 

12. Spackmanites habibii. 44/22-1,11375.5', 1, H55. 

13. Pustulatisporites crenatus. 44/22-1,11425,2, C54.4. 

14. Pustulatisporites crenatus. 44/22-1,11389',. 1, U38.3. 

15. Pustulatisporites pustulatus. 44/22-3,11886,1, M47.2. 

16. Converrucosisporites aff. vermiformis. 44/22-1,11414.9,1, K46. 

17. Converrucosisporites armatus. 44/22-3,11975,2,049. 

18. Verrucosisporites donarii. 44/22-4,12155', 1, U56.3. 
19. Verrucosisporites aff. gobbettii. 44/22-3,11872', 1,045. 
20. Verrucosisporites perverrucosus. 11393', 1, T61. 
21. Planisporitesgranifer. 44/22-1,11685,2,050. 
22. Verrucosisporites cf. cerosus. 44/22-1,12119', 2, C45.4. 
23. Verrucosisporites aff. gobbettii. 44/22-1,12064,1, G61. 
24. Verrucosisporites perverrucosus. Two attatched specimens. 44/22-1,11878,1, 

D38.3. 
25. Verrucosisporites cumbriensis. 44/22-1,12032', 3, B44.4. 
26. Verrucosisporite microtuberosus. 44/22-4,12130', 2,044.2. 
27. Verrucosisporites verrucosus. 44/22-1,11685', 1, G57.4. 
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PLATE 6. 

1. Verrucosisporites cf. eximius. 44/22-1,11878,2, T43. 
2. Verrucosisporites microverrucosus. 44/22-4,12104', 2,051.2. 
3. Verrucosisporites sifati. 44/22-1,11506,2, K58.1. 

4. Raistrickia parnula. Holotype. 44/22-4,12104', 1, Q45. 
5. Raistrickia subcrinata. 44/22-1,12030', 1, P48.1. 
6. Raistrickia lowellensis. 44/22-3,11867,1, M58.2. 
7. Raistrickia microhorrida. 44/22-1,11683,2, F45.3- 
8. Raistrickia? abdita. 44/22-1,11393', 1, L46. 
9. Raistrickia crinata. 44/22-1,11685,2,055. 
10. Raistrickia saetosa. 44/22-1,11393,1, P51.2. 
11. Raistrickia microhorrida. 44/22-1,11393', 1, V47-1- 
12. Raistrickia fulva. 44/22-1,11424,2, C42.2. 
13. Raistrickia digitosa. 44/22-1,11685,1, Q50.2. 
14. Pileatisporites bakerii. 44/22-1,12242', 1, S47.4. 

15. Same specimen as above, detail of pilose ornament. Magnification x1300 
16. Raistrickia breveminens. 44/22-1,11393,1, K67. 
17. Raistrickia superba. 44/22-1,11685', 1, C46. 
18. Neoraistrickia exigua. Holotype. 44/22-1,11506', 2, R69. 
19. Same specimen as above, detail of baculate ornament. Magnification x1300- 
20. Neoraistrickia exigua. 44/22-1,11414.9', 1, P38. 
21. Neoraistrickia virgultorum. Holotype. 44/22-4,12138,2, P46.2. 
22. Neoraistrickia virgultorum. 44/22-4,12138,2, F50.2. 
23. Tricidarisporites arcuatus. 44/22-1,12242,1, J43.3. 
24. Echinatisporis knoxiae. 44/22-1,11453,2, L62. 
25. Marasmosporites semiesus. Holotype. 44/22-1,11422,1, D48.1. 
26. Corrugitriletes radiatus. 44/22-4,12410', 2, P49. 
27. Corrugitriletes radiatus. 44/22-1,11878,2, H36.2. 
28. Convolutispora cerina. 44/22-1,11527,2, G68.4. 
29. Convolutispora cerina. 44/22-3,11867`, 3, D59. 
30. Convolutispora florida. 44/22-1,11424.9', 2, V29.4. 
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PLATE 7. 

1. Convolutispora tessellata. 44/22-4,12133,1, P44.1. 
2. Camptotriletes superbus*. 48/1lb-4,8750', 2, K6.3. 
3. Camptotriletes bucculentus. 44/22-1,11422,1, E47. 
4. Convolutispora mellita. 44/224,12257,4, F55.3. 
S. Alicroreticulatisporites nobilis. 44/22-1,12253.7', 1, S47. 
6. Rlicroreticulatisporites nobilis. 44/22-4,12253.7', 1, T54.2. 
7. Camptotriletes triangularis. 44/22-1,11600', 1, G51.1. 

8. Camptotriletes corrugatus. 44/22-3,11570', 1, P39.4. 
9. hlicroreticulatisporites hortonensis. 44/22-1,11389,1,838.1. 
10. MMicroreticulatisporites cf. microreticulatus. 44/22-1,12045', 1, H44.4. 
11. A1icroreticulatisporites punctatus. 44/22-1,12045', 1, C41. 
12. Alicroreticulatisporites harrisonii. 44/22-1,11414.9,2, N35. 
13. Reficulitriletes media reficulatus. 44/22-1,11393', 1, M47.3. 
14. Reticulitriletes areolatus. 44/22-1,11878,1, C40.3. 
15. Reticulitriletes aff. distortus. 44/22-1,11878,1, V38. 
16. Reticulitriletes falsus. 44/22-1,11393,1, D63.1. 
17. Reticulitriletes reticulocingulum. 44/22-1,12028,2, Q64- 
18. Reticulitriletes muricatus. 44/22-3,11867,3, B44. 
19. Dictyotriletes probireticulatus*. 43/15b-3a, 13109', 1, Y58-1- 
20. Dictyotriletes bireticulatus. 44/22-4,12130', 1, H56. 
21. Ahrensisporites sinus. 44/22-4,12133', 1, K37.1. 
22. Foveosporites sp. A. 44/22-1,12032,1, T50. 
23. Cordylosporites karadenizensis*. 43/15b-3a, 13109', 1, S52.4. 
24. Anafoveosporites avcinii. 44/22-1,12032,2, Q64-2- 
25. Ahrensisporites sinus. 44/22-4,12133', 1, N54.3. 
26. Ahrensisporites guerickei. 44/22-4,12080', 2, E54.1. 
27. Ahrensisporites ornatus. 44/22-4,12257,4, M53. 
28. Triquitrites protensus. 44/22-4,11880', 2, J47.4. 
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PLATE 8. 

1. Triquitrites tr: bullatus. 44/22-1,11878,1, R51. 

2. Triquitrites sculptilis*. 44/21-4,3888m., 1,151.3. 
3. Triquitrites sculptilis*. 44/21-3,4228m., 1. L50.1. 
4. Tripartites nonguerickei. 44/22-1,12055,1, E47.1. 

5. Tripartites vetustus. 44/22-1,12045,1, Q36.4. 
6. Diatomozonotriletes rarus. 44/22-4,12017', 1, V56. 
7. Reinschospora triangularis. Broken specimen. 44/22-1,11414.9,1, K32.1. 

8. Reinschospora speciosa. 44/22-1,11880,1, J45.1. 
9. Knoxisporites quadratus. 44/22-3,11872,2, N51.3. 

10. Knoxisporites triradiatus. 44/22-3,11886', 1, N64. 

11. Knoxisporites seniradiatus. 44/22-3,12013', 1, U64.4. 
12. Knoxisporites biceps. Holotype. 44/22-3,11867,3, R54. 
13. Knoxisporites dissidius. 44/22-1,12023,1, G51.1- 
14. Knoxisporites stephanephorus. 44/22-4,12138', 2, D58.2. 
15. Savitrisporites semotus. 44/22-1,11422,1, S58. 
16. Savitrisporites semotus. Holotype. 44/22-1,11422,1,1(51. 
17. Savitrisporites asperatus. 44/22-1,11878,2, J59.4. 
18. Savitrisporites concavus. 44/22-1,11878,1, S37.1. 
19. Savitrisporites nux. 44/22-1,11685,1, P67. 
20. Bellispores nitidus. 44/22-1,12055,1, N49.1. 
21. Trinidulus diamphidios. 44/22-1,12242,1, Q482- 
22. Rotaspora knoxii. 44/224,12261.6,1; U40.2. 
23. Rotaspora? xenica. 44/22-4,12017', 2, V46.3. 
24. St enozonotriletes coronatus. 44/22-3,12120', 1, V67. 
25. Reticulatisporites danzei. 44/22-1,11683,1, H40.1. 
26. Reticulatisporites danzei. 44/22-1,11928', 2, K31.4. 
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PLATE 9. 

1. Reticulatisporites reticulatus. 44/22-1,11685', 1, L40. 
2. Reticulatisporites polygonalis. 44/22-4,12095,2, U50.2. 
3. Secarisporites remotus. 44/22-3,11558,1, B47. 
4. Stenozonotriletes perforatus. 44/22-1,11685,1,545.4. 
5. Archaeozonotriletes variabilis. 44/22-1,12032,2,060. 
6. Secarisporites cf. remotus. 44/22-1,11527', 1, P51.4. 
7. Secarisporites remotus. 44/22-4,12300', 2,033. 
8. Stenozonotriletes lycosporoides. 44/22-1,11610', 1, D46. V 
9. Kraeuselisporites crassus. Holotype, partial equatorial focus. 44/22-3,11558,1, 

T60.1. V 
10. Kraeuselisporites crassus. Same spedmen as above, distal focus. 
11. Kraeuselisporites crassus. 44/22-3,11558,1,043.1. 
12. Kraeuselisporites pseudoornatus. 44/22-4,12155,1, L44- 
13. Fragilipollenites radintus. 44/22-3,11975,2, K63- 
14. Kraeuselisporites pseudoornatus. Holotype. 44/22-4,12155,2, T56-1- 
15. Kraeuselisporites echinatus. 44/22-3,11867,1, U49.4. 
16. Kraeuselisporites ornates. 44/22-4,12155', 1, H57. 
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PLATE 10. 

1. Auroraspora? pseudogranulata. 44/22-3,11872', 1, W67. 
2. Auroraspora? pseudogranulata. 44/22-3,11872,1, P43. 
3. Auroraspora velata. 44/22-3,11872,2,138. 
4. Auroraspora velata. 44/22-3,11522,2, S50.3. 
5. Auroraspora pickerillensis. Holotype. 44/22-1,11878,1, N52.2. 
6. Auroraspora pickerillensis. 44/22-1,11878', 1, K36. 
7. Auroraspora solisortus. 44/22-1,12242,2, B37.4. 
8. Endosporites pygmaeus. Holotype. 44/22-1,11414.9,1, K43.3. 
9. Endosporites globiformis. 44/22-1,11389,2, E53.2. 
10. Endosporites zonalis. 44/22-1,11880', 2, J54. 
11. Endosporites conarus. 44/22-1,12045', 1, F40. 
12. Endosporites conarus. 44/22-1,12019', 2, H51.1. 
13. Grumosisporites papillosus. 44/22-4,12258.8,2, C45.2. 
14. Grumosisporites varioreticulatus. 44/22-3,11695,1, P45.4. 
15. Grandispora spinosa. 44/22-1,12031', 2, S57.4. 
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PLATE 11. 

1. Rugospora corporata. 44/22-1,11873,1, G45.1. 
2. Rugospora corporata. 44/22-1,12030', 2, B53.4. 
3. Spelaeotriletes arenaceus*. 43/15b-3a. 13843,1, WY65. 
4. Spelaeotriletes oppletus. Holotype. 44/22-3,11872,5, J55. 
5. Spelaeotriletes cf. oppletus. Proximal and equatorial focus. 44/22-4,12262', 5, 

J52.2. 
6. Same specimen as above. Distal focus. 
7. Spelaeotriletes cf. pretiosus. 44/22-4,12261.6,2, F43.3. 
8. Spelaeotriletes bulboides. Holotype. 44/22-1,11878,1, H48.1. 
9. Spelaeotriletes bulboides. 44/22-1,11928', 2, E552- 
10. Spelaeotriletes cf. pretiosus. 44/22-1,12040', 1,052.3. 
11. Discernisporites micronumifestus. 44/22-1,12060', 1, K53. 
12. Discernisporites micromanifestus. 44/22-4,12258.8,2, F51.4. 
13. Discernisporites cf. irregularis. 44/22-1,12060', 1, G38.1. 
14. Discernisporites cf. irregularis. 44/22-1,11785', 1, M39.3. 
15. Discernisporites cf. irregularis. 44/22-1,12060', 2, K44-3- 
16. Discernisporites cf. irregularis. 44/22-4,12262', 5, J52.4. 
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PLATE 12. 

1. Spencerisporites radiatus. Broken specimen, magnification x250.44/22-4, 
12430', 1, L42.4. 

2. Spinozonotriletes uncatus. 44/22-1,12024', 2, K42. 
3. Spinozonotriletes cf. uncatus. 44/22-4,12104', 2, C57. 
4. Ibrahimispores microhorridus. 44/22-4,12262,5, H48. 
5. Ibrahimispores brevispinosus. 44/22-1,12064,1, F64.4. 
6. Cirratriradites rarus. 44/22-1,12032', 1,059.3. 
7. Cirratriradites saturni. 44/22-3,11570', 1, H39. 
8. Crassispora kosankei. 44/22-1,11422', 1,042. 
9. Hymenozonotriletes explanatus. Questionably assigned specimen. 44/22-3, 

11458', 1, S50. 
10. Densosporites duriti. 44/22-1,11880', 1, L41. 
11. Densosporites sphaerotriangularis. 44/22-4,12080', 2, E54. 
12. Densosporites crassigranifer. Two specimens. 44/22-1,11818', 1, S39. 
13. Densosporites anulatus. 44/22-1,11424,1, E50.3. 
14. Densosporites pseudoannulatus. 44/22-1,11758,1, T40. 
15. Densosporites tennis. 44/22-4,12010', 1, C46. 
16. Densosporites gracilis. 44/22-4,11880', 1, P63.3. 
17. Densosporites crassigranifer. 44/22-3,11570', 1, T49. 
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PLATE 13. 

1. Densosporites spinosus. 44/22-4,12102', -1, P47.1- 
2. Densosporites spinosus. 44/22-4,12430', 2, L45.1. 
3. Cingulizonates bialatus*. 43/15b-3a, 13580', 1, H63-3- 
4. Cingulizonates loricatus. 44/22-1,11620', 1, C45.2. 
5. Lycospora noctuina. 44/22-1,11393,1, N50.2. 
6. Lycospora orbicula. 44/22-1,11425,1, J41.2. 
7. Lycospora pusilla. 44/22-1,11422,1,065. 
8. Lycospora rotunda. 44/22-1,11393,1, C50.2. 
9. Cristatisporites connexus. 44/22-1,11880', 1, K44-3- 
10. Cristatisporites splendidus. 44/22-1,11880', 1, H61-4- 
11. Radiizonates aligerens. 44/22-3,12120', 1, K53. 
12. Radiizonates difformis. 44/22-4,12460', 2, T50.2- 
13. Cristatisporites indignabundis. 44/22-1,11880', 1, L44. 
14. Cristatisporites splendidus. 44/22-1,11414.9,2, U44.2. 
15. Radiizonates tenuis. 44/22-4,12095,2, B37. 
16. Radiizonates striatus. 44/22-3,12030', 2, G47.3. 
17. Radiizonates aff. straitus. 44/22-1,12758,1, L52.1. 
18. Radiizonates faun us. 44/22-1,11758,1, D47. 
19. Simozonotriletes intortus. 44/22-1,11453,2, L62. 
20. Vallatisporites vallatus. 44/22-3,11986.5,2,047.1. 
21. Diaphanospora parvigracila. 44/22-1,11422', 1, E41. 
22. Hymenospora inurdochensis. Holotype. 44/22-1,12064', 1, V58. 
23. Hymenospora murdochensis. 44/22-1,12064', 1, M68. 
24. Hymenospora in u rdochensis. 44/22-1,12064,1, U67.1. 
25. Hymenospora cf. caperata. 44/22-1,12045,1, K48. 
26. Colatisporites decorus. 44/22-3,12016', 1,050. 
27. Schulzospora campyloptera. 44/22-1,11878', 2, F52.1. 
28. Schulzospora rara. 44/22-1,12064,1, U54. 
29. Schulzospora Tara. 44/22-1,12064', 2, M65.3. 
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PLATE 14. 

1. Pteroretis primum. 44/22-1,12090', 1, E37.3. 
2. Alatisporites pustulatus. 44/22-1,11880', 1, V37.2. 
3. Alatisporites hoffineisterii. 44/22-4,12102', 2, M30-3- 
4. Alatisporites nudus. 48/11b-4,9680', 1, R48.4. 
5. Elaterites anfractus. 44/22-1,12090', 2, Q40. 
6. Etaterites anfractus. 44/22-1,11414.9,2, H32.3. 
7. Elaterites anfractus. 44/22-1,12090', 2, U37.3. 
8. Etaterites anfractus. Holotype. 44/22-1,12090', 1, D40.1. 
9. laevigatosporites densus. 44/22-1,11422,1, N56.2. 
10. Iaevigatosporites densus. 44/22-4,11880', 1, K55. 
11. Laevigatosporites vulgaris. 44/22-4,12104', 2, S47. 
12. Laevigatosporites desrnoinesensis. 44/22-1,11393,1, T57.3. 
13. Iaevigatosporites minimus. 44/22-1,11683', 1,052.3. 
14. Latosporites globosus. 44/22-1,11685', 1, T66.1. 
15. Punctatosporites minutus. 44/22-1,11506', 1, X55. 
16. Fabasporites pallidus. 44/22-3,11458,1, D51. 
17. Dictyomonolites swadei. 44/22-1,11414.9,2, R5. 
18. Dictyomonolites swadei. 44/22-1,11752,1, D35. 
20. Columinisporites ovalis. 44/22-1,11375.5,2, R37. 
21. Columinisporites ovalis. 44/22-4,12104', 2, K31.1. 
22. Thymospora sp *. Form intermediate between T. obscura and T. 

pseudothiessenii. 44/21-3,4060m., 1, D34. 
23. Torispora securis*. 44/21-3,4153m., 1, E38. 
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PLATE 15. 

1. Vestispora costata. 44/22-1,11878', 2, V56.4. 
2. Vestispora? dubia. Holotype: 44/22-1,11878,1, L49-4- 
3. Vestispora? dubia. 44/22-1,11878,1, Q34. 
4. Vestisporafenestrata*. 44/21-3,4168m., 1, L41. 
5. Vestispora magna*. 44/21-4,3888m., 1, U58.1. 
6. Vestispora magna. 44/21-4,4228m, 1, D45. 
7. Vestispora pseudoreticulata. 44/22-1,11422,1, B48. 
8. Vestispora cf. magna*. 44/21-4,3888m., 1, U63. 
9. Vestispora cf. magna. 44/21-4,3888m., 1, H49.3 
10. Vestispora tortuosa. 44/22-1,11752,1, J64. 
11. Costatascyclus crenatus. 44/22-1,12064', 2,858.4. 
12. Tinnulisporites microsaccus. 44/22-4,12104', 2, L37-3- 
13. Guthoerlisporites cf. magni, ficus. 44/22-3,11872', 6, K53. 
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PLATE 16. 

1. Wilsonites kosankei. 44/22-4,12380', 1, U56.4. 
2. Wilsonites vesicatus. 44/22-4,12104', 2, N42.3. 
3. Wilsonites ephemerus. 44/22-1,11414.9', 2, L43.4. 
4. Wilsonites circularis. 44/22-4,12104', 2,634.4. 
5. Peppersites ellipticus. 44/22-1,11433,1, M60.4. 
6. Quasillinites diversiformis. 44/22-1,12242,2, J31.4. 
7. Wilsonites delicatus. 44/22-3,11716', 2, D54.2. 
S. Florinites pumicosus. 44/22-3,11872,5, J41. 
9. Potonieisporites microsaccus. 44/22-1,11752,1, N34.1. 
10. Potonieisporites elegans. 44/22-4,12262,1,158.2. 
11. Florinites florin i. 44/22-1,11506', 1, M57. 
12. Florinites mediapudens. 44/22-1,11424.9,21,539.2. 
13. Florinites minutus. 44/22-1,11506', 1, P37.1. 
14. Florinites visendus. 44/22-3,11872', 5, F48. 
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PLATE 17. 

1. Florinites triletus. 44/22-4,12104', 2, S45. 
2. Florinites junior. 44/22-3,11920', 1, F62.1. 
3. Florinites similis. 44/22-1,11685', 1, P42.4. 
4. Florinites volans. 44/22-3,11872', 5, R44.2. 
5. Paleospora fragila. Folded specimen. 44/22-4,12102', 2, K37- 
6. Parasporites macanensis. 44/22-3,11872,6, I39. 
7. Illinites unicus. 44/22-3,11886,1, Q57.3. 
8.111inites unicus. 44/22-3,12013', 1, U44. 
9. Gen et. sp. indet. Striate monosacccate. 44/22-4,12257,2, P61.1. 
10. Pityosporites westphalensis. 44/22-1,11752,2, G55. 
11. Parasporites cf. macanensis. 44/22-1,11425,2, F55-2- 
12. Pityosporites in aequus. Holotype. 44/22-1,11752,1, J65. 
13. Pityosporites in aequus. 44/22-1,11422,1, Q49.3- 
14. Pityosporites inaequus. 44/22-1,11752', 2, P39.1. 
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PLATE 18. 

1. Limitisporites cf. rectus. 44/22-1,11425', 1, K68-4- 
2. Limitisporites cf. rectus. 44/22-4,12262,2, Q52-4- 
3. Limitisporites cf. rectus. 44/22-1,12060', 2', L36. 
4. Limitisporites cf. lotus. 44/22-1,11527,2,067.3. 
S. Protohaploxypinus masonii. Holotype. Focus on tenae. 44/22-1,12045', 1, L46. 
6. Platysaccus saarensis. 44/22-1,11928,1, M29.3. 
7. Protohaploxypinus masonii. Holotype (as figure 5). Focus on sacci. 
8. Cycadopites sp. A. 44/22-4,12257'1 5, H55. 
9. Cycadopi tes sp. A. 44 / 22-3,11522', 2, E63.2. 
10. Protohaploxypinus masonii. 44/22-4,12262,1, V45. 
11. Zonalosporites ellipsoides. 44/22-3,12120', 1,562. 
12. Protohaploxypinus cf. amplus. 44/22-1,12060', 2, U33.3. 
13. Protohaploxypinus cf. amplus. 44/22-4,12262', 1, G51. 
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PLATE 19. 

1. Biannulatisphaerites simplex. 44/22-3,12013', 1, M40. 
2. Chomotriletes vedugensis. 44/22-1,12055', 1, F43.3. 

" 3. Leiosphaeridium sp. 44/22-3,11726,2, G45. 
4. Buedingiisphaeridium cf. pyramidale. 44/22-1,12032', 2, L63.3. 
S. hlicrhystridium sp. 44/22-3,11468,1, N149.4. 
6. Alicrhystridium sp. 44/22-1,11763,1, M56. 
7. Baltisphaeridium sp. 44/22-3,11458,2, S61.1. 
8. Baltisphaeridium sp. 44/22-1,11763,1, H54. 
9. Multiplicisphaeridium sp. 44/22-1,11763,2, D31.4. 
10. Timofeevia acrimonia. 44/22-1,11527', 1, R66.2. 
11. Polygonium gracile. 44/22-1,11878,2, L37. 
12. Polygonium gracile. 44/22-1,11683,1, K37. 
13. Cymatiosphaera sp. 44/22-1,12032,2, C58. 
14. Veryhachium wenlockianum. 44/22-1,11763,2, U43.1. 
15. Acanthodiacrodium ignoratum. 44/22-4,11850', 2, W36.4. 
16. Acanthodiacrodium unigeminuin. 44/22-1,12040', 1,042. 
17. Acanthodiacrodium spinuin. 44/22-1,12055,2, S55. 
18. Dasydiacrodium annosum. 44/22-1,12050,2, R42.3- 
19. Priscogalea cortinula. 44/22-1,11818', 1, X39. 
20. Priscogalea fimbria. 44/22-1,12024,2,155. 
21. Cymatiogalea cristata. 44/22-1,11763,1, S50. 
22. Cymatiogalea cuvillierii. 44/22-1,11683,2, H28.1. 
23. Cymatiogalea multarea. 44/22-1,11873,1, F33.1. 
24. Stelliferidium simplex. 44/22-1,11873,1, F43.1. 
25. Stelliferidium simplex. 44/22-1,12004', 1,040. 
26. Lophosphaeridium sp. 44/22-1,11873,1, J27. 
27. Cymbosphaeridium bikidium. 44/22-3,11468,1, K46- 
28. Stelliferidium sp. Fragment. 44/22-4,12104', 2, P55.3. 
29. Veryhachium sp. 44/22-1,11818', 2, E28.2. 
30. Cymbosphaeridium bikidium. 44/22-3,11468,1, G48.3- 
31. Diexallophasis sp. 44/22-3,11480', 2, N63.4. 
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PLATE 20. 

1. Scolecodont element. 44/22-1,12019,2,055.1. 
2. Scolecodont element. 44/22-1,12019,2, E63.1. 
3. Fungi and Botryococcus braunii. 44/22-4,12010', 1, B46.4.. 
4. Spirifer pennystonensis. 44/22-1,12031'. 
5. Lingula mytilloides. 44/22-1,12019'. 
6. Crinoid ossicle. 44/22-1,12031. 
7. Anthracosia ovurn. 44/22-1,11878'. 
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