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Summary 

Approximately 300 field and well samples from the Ordovician to Devonian interval of the Anti Atlas, 
Morocco have been prepared for palynological investigation. Of these, 118 were selected for detailed 
analysis based on the quality of the palynological recovery, an attempt to achieve the best stratigraphic 
coverage as possible from the material available and also based on the presence of macrofossil data. 

A rapid palynological preparation technique for observation by light microscopy has been developed to 

analyse thermally mature, brittle assemblages, such as those encountered. 

Reviews of the Acritarcha, the fossil Prasinophyta and the Chitinozoa are presented with discussion of their 

morphology, biological affinity and classification. Taxa from these groups are treated systematically with 
389 described species recorded, assignable to 115 genera. A total of 71 unpublished forms are described in 

open nomenclature. Miospores; have also been recorded to enhance biostratigraphic resolution and 
environmental interpretation of the assemblages studied. The miospore taxa recorded are illustrated with 
their authors cited in the plate captions. 

Semi-quantitative analyses of the assemblages has enabled the recognition of 33 Palynological Associations 
from the Ordovician through Devonian based on the presence, absence and abundance of the tax& recorded. 
Cluster analysis of the samples has been undertaken to assist in the recognition and to quantify the 

similarity of the assemblages. The Ordovician field samples yielded poorly preserved assemblages from 

which 12 Associations are recognised. The Silurian to Lower Devonian field samples yielded moderate to 

well preserved assemblages despite the high thermal grade of the material. Twelve Associations are defined 

from this interval, the ages of which are all highly constrained by the generally rich graptolite assemblages. 
Nine Associations are recognised from the Devonian assemblages recovered from Well Oum Doul-I core 

samples. These assemblages are well preserved with abundant and often diverse marine and terrestrial 

elements present. 'Me age interpretations of the 33 Associations are based on both macrofaunal evidence, 

when present, and on comparison with previous palynological studies, primarily those from Northern 

Gondwana. 

A general palaeoenvironmental, interpretation of the formations studied is attempted from the semi 

quantitative analysis of the relative proportions of environmentally sensitive palynomorph groups and the 

relative proportions of morphotypes within palynomorph groups. The major bathymetric fluctuations in 

the environment of deposition which are evident from the palynological, assemblages (e. g. the deep water 

event in the early Silurian) are believed to be eustatically controlled during the Ordovician to Devonian in 

the Anti Atlas. 

The broad nature of the study, geographically and stratigraphically, has revealed much potential for future 

work, of both academic and commercial interest, in the North African and Middle East region. 
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Chapter 1. Introduction. 

The kingdom of Morocco occupies an area of approximately 731000 square km situated at the north- 
west margin of the African continent. It houses a population of about 25,000 people and is ruled by a 

stable democratic monarchy. The economy of Morocco was initially developed on the basis of 

agriculture and fishing but in more recent years it has become significant in the international market 

place with industrial developments primarily in the form of engineering and computer technology. 

Despite the relatively low energy consumption per capita of its inhabitants, Morocco is still almost 

entirely dependant on imported energy resources. This problem was addressed by the government in 

1981 with the establishment of the Office National de Recherches et d'Exploitations Petrolieres, 

commonly referred to by its acronym ONAREP. This organisation, based at its headquarters in Rabat, 

is the state government oil company which has total responsibility for all petroleum exploration 

activities and all exploitation of discovered hydrocarbons in Morocco. 

The present study is based on samples from the Anti Atlas region which were collected by The 

Robertson Group (now Simon Petroleum Technology) for a study commissioned by ONAREP in 1985. 

The samples utilised are from the Ordovician to Devonian stratigraphic interval and are predominantly 
from outcrop and shallow water wells. These samples are supplemented by core from a single 

exploration well from the south of the region, Oum, Doul-1. A full list of the samples analysed is given 

in Appendix I, with the geographic and stratigraphic position given for each. In the course of the South 

Atlas Study, The Robertson Group sub-contracted macropalaeontological. work to experts in their 

respective fields, namely Dr. Mike Romano (University of Sheffield) and Dr. Tim Young (University 

of Cardifo who looked at the Ordovician shelly faunas and Dr. Barry Rickards (University of 

Cambridge) who looked at the Silurian-Lower Devonian graptolitic assemblages. The data relevant to 

the present study generated by these workers is integrated with the palynological investigations 

undertaken. The results of their analysis can also be found in Appendix 1. 

The geographic setting. 

The study area is situated in the Anti Atlas region of Morocco (figs. I and 2). This region is bounded 

to the north by the South Atlas Fault Zone which extends from the coastal resort of Agadir in an ENE 

direction. This boundary separates the High Atlas mountainous region to the north from the more 

varied topography of the Anti Atlas to the south (fig. 2). The Anti Atlas is dominated by the high 

topographic relief of the Anti Atlas mountains which are composed primarily of Precambrian and 
Lower Palaeozoic rocks. However, in some areas, tectonic influences have resulted in large scale 
depressions within the Palaeozoic aged landscape which are commonly infilled with Mesozoic 

sediments and Tertiary and Quaternary desert deposits. To the south of the Anti Atlas, the relatively 



Figure 1. Geographic map of Morocco showing the positions of the topographic niaps utillsed. CP 
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Figure 2. The physiographic regions of Morocco. 
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subdued topography of the Draa plain is composed primarily of the relatively soft Silurian shales and 
post Alpine superficial deposits. 

The main centres of commerce and trade in the Anti Atlas include the towns of Agadir, Tiznit, 

Taroudannt and Ouarzazate in the central and western parts of the region, together with Zagora and 
Erfoud further to the east. There is a good network of tarred roads between these centres which are 

supplemented by many well used dirt tracks for communication with the more rural towns and villages. 

Several sets of topographic maps at various scales exist for Morocco which are published by the 

government. The series utilised in the present study, the 1: 100,000 series, is that used by Robertsons' 

geologists in the field. The relevant sheets are those on which the samples analysed here are located 

which are listed in figure 1. 

Previous work on the Lower Palaeozoic and Devonian rocks of the Anti Atlas. 

7be Anti Atlas is essentially the type area for the Lower Palaeozoic and Devonian interval of Morocco 

(Destombes, Hollard & Willefert 1985). Geological research in the region was initiated in the early 

part of this century with discoveries of Cambrian (Bourcart 1927, Bondon & Neltner 1933), Ordovician 

(Roch 1933) and Silurian (Savornin 1921) faunas. Work in the latter half of the century in Morocco 

has become focused on the Anti Atlas with the realisation of the near complete succession of Lower 

Palaeozoic rocks in that area. 

From 1959 onward, Destombes became the most prolific worker in the anti Atlas with over 30 

publications to his name. His work in the region culminated in 1985 with a summary of the Lower 

Palaeozoic rocks of Morocco (Destombes, Hollard & Willefert 1985) in which a comprehensive review 

of the Lower Palaeozoic stratigraphy is made upto that date. In addition, a wealth of unpublished data 

generated by him, e. g. field guides, have benefited geologists working in the area (T. P. Young pers. 

comm. 1992). 

From 1942 and upto 1947, Choubert established the first type section for the Ordovician in the Anti 

Atlas, but it was not until 1954 that the first Tremadoc (earliest Ordovician) sediments were recognised 
from the Agdz region (Choubert, Hindermeyer & Hupe 1955). Several palynological investigations of 

the Ordovician succession of Morocco are evident in the literature, the earliest of these was made by 

Cramer et aL (1974) from subsurface material from the Tadla basin. More recently, several 

publications by Elaouad-Debbaj (1984,1986,1988a & 1988b) focused on the palynology of the 

Ordovician succession in the Anti Atlas which address both the acritarch and chitinozoan assemblages. 

The names associated with early faunal discoveries of Silurian age in the Anti Atlas include Bondon, 
Clariond & Neltner (1934). Hollard and Willefert in conjunction with Destombes have been largely 

4 



responsible for establishing the Silurian stratigraphic nomenclature of the area (e. g. Destombes, 
Hollard & Willefert 1959 & 1985). It is interesting to note that the prolific Silurian aged graptolitic 
faunas in the region are largely undescribed (Destombes, Hollard & Willefert 1985) and that several 

new lineages are evident from the Silurian to early Devonian material analysed here (R. B Rickards 

pers. co . 1990). 

Hollard (e. g. 1965) has also been instrumental in establishing the Devonian stratigraphy of the Anti 

Atlas. The Devonian palynology of Oum Doul-1, a well utilised, in the present study, has been 

previously analysed by Grignani & Mantovani (1964), however the authors only accounted for the 

chitinozoan components of the palynological assemblages in their contribution. No further publications 

on this stratigraphic interval in Morocco are apparent in the literature, however, in-house palynological 
investigations have been undertaken in recent years by organisations with commercial interests in the 

region (R. Rozza, Agip Ltd., pers. comm. 1991). 

A brief summary of the tectonic and palaeogeographic evolution of the Anti Atlas region. 

The tectonic evolution of the Anti Atlas is rather unique in that the region has experienced the effects of 

the Pan-African Event and each of the Caledonian, Hercynian and Alpine orogenies. 

Morocco is positioned on the northern margin of the West African Craton which was cratonised in the 

early Proterozoic. The craton occupies most of West Africa and has acted as a core through the late 

Proterozoic and Phanerozoic interval. 

The Pan-African Event occurred during the late Proterozoic and early Palaeozoic in the Anti Atlas and 

can be recognised as an east-west trending set of thrusts and faults effecting the Precambrian basement 

and overlying early Palaeozoic sediments. This event is largely masked by younger sedimentary cover, 

however it is believed that the Anti Atlas region is entirely underlain by the rocks of the Pan-African 

basement complex. 

The palaeogeographic position of Morocco during the Ordovician was at the northern margin of 

Gondwana which, through that system, migrated towards the southern magnetic pole (figs. 3& 4). By 

the culmination of the Ordovician (Ashgill), Morocco was situated at or near to the pole which is 

evident from the glacio-marine sediments recorded in the Anti Atlas of that age (Destombes, Hollard. & 

Willefert 1985). 

The Caledonian Orogeny can be regarded generally as the result of the collision between Laurentia and 

Eurasia during the Silurian and early Devonian (figs. 4& 5). Morocco is believed to have been 

effected by the collision of one or more microplates with the northern, margin of the West African 

Craton (e. g. the 'Avalon-Florida microplate [Matte 1986] forming a northeast-southwest trending folds 



Figure 3. An early Ordovician palaeogeographic reconstruction of Northern Gondwana, from 

Paris 1990. 
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Figure 4. Global palaeogeographic reconstructions for the latest Ordovician (Ashoill) and 

middle Silurian (Wenlock), from Scotese & McKerrow 1990. 
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Figure 5. Global palaeogeographic reconstructions for the early Devonian (Gedinnian) and late 

Devonian (Famennian), from Scotese & McKeffow 1990. 
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and thrusts. Accommodation of existing crustal material between these the colliding continental area is 

believed to have been achieved by northward dipping subduction at the northern margin of the West 

African Craton. 

7be effects of the Hercynian Orogeny, generally regarded to be the result of the collision of Gondwana 

and Laurasia, are more in evidence in the Anti Atlas. This is believed to be a near continuation of the 

Caledonian Orogeny with continued northerly directed subduction beneath the Laurasian continent. 

Evidence for the early phase of this episode Oate Devonian-early Carboniferous) is best exposed in the 

western part of the Anti Atlas. Continued subduction and subsequent collision of Laurasia and 
Gondwana gave rise to the Mauritanide mountain range and folded sediments in a similar southeast- 

northwest trend to that of the Caledonian phase. I. Ater in the Hercynian orogeny (mid-late 

Carboniferous), continued collision of the continents gave rise to the Appalachians with associated large 

scale dextral movements which occurred mainly along the South Atlas and Elbe faults during the 

collision stage. 

By the close of the Hercynian Orogeny, the super-continent of Pangea had formed. Relative 

continental movements resumed in the Middle Jurassic with the opening of the Atlantic and the Tethys 

Oceans. The Tethys Ocean is envisaged as being a relatively narrow seaway that extended between the 

continents of Africa and Eurasia. The spreading of these continents from each other was reversed in 

the Late Cretaceous and, as a consequence, collision of these two landmasses took place in the Neogene 

period and continues to the present day. This phase, known as the Alpine Orogeny, has had a major 

influence on shaping the Atlas Mountains of Morocco as we see them at the present day. 

The lithostratigaphic framework. 

By the mid 1960's, the lithostratigraphic framework for the Anti Atlas region was well established, 

since then minor alterations have been made. Chubert (1963) established the principal components of 

the Precambrian and Iower Palaeozoic framework, while Hollard (1963) was primarily responsible for 

formalising the stratigraphy of the Devonian part of the succession. Hollard in 1977 revised this part of 

the sequence himself. An overview and revision of the lithostratigraphy of the Ordovician and Silurian 

stratigraphy of the Anti Atlas region can be found in Destombes, Hollard & Willefert (1985). 

Although well established, The Robertson Group (1985) in the course of their South Atlas study found 

that the published lithostratigraphic framework required modification "in order to express more clearly 
the various aspects of the geology which are important to any consideration of the petroleum potential 
of southern Morocco". In the report, considerable effort was made to preserve as much of the existing 
framework as was practically possible. However changes were considered necessary to produce a 
scheme that is rational but flexible, that is practicable for surface and subsurface analysis (i. e. field, 

9 



well and seismic) and that has greater consideration for lateral facies variation. A direct comparison 

between the published and the proposed Robertson Group lithostratigraphic schemes is given in figs. 6, 

7&8. 

The present study utilises the more flexible Robertson Group scheme for the reasons of practicability. 

A brief description of the relevant formations to the study follows with the published equivalents of the 

formations indicated. The formations are described in stratigraphic order: 

(Published equivalent: Outer Feijas Shales Group [part]). 

This group is a coarsening upward sequence composed of shales of the Fezouata Formation and 

culminates in the western and central parts of the South Atlas region in the deposition of the Zini 

(sandstone) Formation. 

Fezouata (shale) Formation. 

(Published equivalents: Lower Fezouata Shales Formation, Upper Fezouata Shales Formation). 

Age: Tremadoc4ate Arenig. 

Thickness: Upto 400m 

Lithology: Greenish silty mudstones that were deposited on a shallow marine shelf. Ilese 

sediments are generally poorly exposed. 

Zini (sandstone) Formation. 

(Published equivalent: Zini Sandstone Fomation). 

Age: Late Arenig. 

Thickness: Upto 450m. 

Lithology: Sandstones and quartzites interbedded with mudstones. This formation is laterally 

impersistant and is composed of a number of coarsening upward sequences. Deposition is thought to 

have taken place under shallow marine, storm dominated conditions. 

Note: A non-sequence is apparent at the top of the Fezouata Group indicated by the absence of 

uppermost Arenig faunas in the Anti Atlas region. 

10 



Ma LU 
V) 

ui 
LLJ 

U 
0 

V, 

ý- D EXISTING FORMATIONS ý a- 
0 :3 PROPOSED FORMATIONS 

B P &E 
LU 

< ýO - 
LITHOLOGIES a- 0 

. . >- 
Ln 

5< of 
LUO West Members East West Central East 

0 clý 
cc (j 

Members 
438 u C, Upper Second Rant Upper Spcond Rant (Sandýtonp) 

z 
Lower `lyccotid Bani Q, F L(-)\&er Scco 

Upper Kl. wua e 
T IT 2 
U-) < . 1, J 

0 ()k 
1 0 PA01 11p F 

- 448 u 
Rvm( Jpper 

I I, li it it it),, Klaoua (Sandstone and Yialv) 
0 6- 

L) lower Ktao(ja day ýawktorlp 
V 

cy- 
u 

458- Fe-Fe --Fe' z 

0 ULJ 
1.7gouiren FFe, 

< 
CC) 

-i 
()ý -- z z Ouininut-hen . ýýr 

:.:... , I.: ýý: . ::: . :: -, - -- - 
Uj -t 0 

rn i- 
7prt lp F I irýt Rant (ýandstonv) 

Q , 

; 7,, F 

468- 
Taddriýt F Fe lauuta 

u Lit 
> ct 
0 

T h ll ar i a Shal(, ý I A(hilla (Shale) 

c) 
- 478 

ul 
ýAitql`Al OP t, j()T PROVLN 

U o 
lit 

,7 
', tit 

u1i L 0- 

)l)per FeMtratil ShAIPS 

< 

CY D 
cl 

0 Feouata (Shale) 

D ............ 
0 LIj 

Lower 
rpinilata 

Shali-s 
Lij 

> 
0 

505- 

c: llu -i -1 LU 
ýARSFN T 

0 
!l OR 

rl 
NOT FR( )V[ 14 

7 - 

LLJ 
z 0 

z 0 clý 
< 

co 
7- 

Z 
ji-bel I-tTigay,, mat Argillo 

At ero(cous 
jrhel Lrngay-; rnat 

525- < _ A , ag 
u c- .7 

, "Ratleyella" Arg Aren labanite (Sandstone) 

-u r 1 1-111 Pidi Klifila SS --- U 1 
al I Lj 

I :. -.. ' :: ...: ... 
- z J, bcl Afraou (ýandýlnnp and Shalý) 

LU V, 
', awloonp of 

. 

Jvbrl Aftaou 0 

Z-1 ry LU 

z 
7 

-- 

U-1 

Figure 6. The lithostratigraphic framework for the Ordovician System showing the comparison 

between the published lithostratigraphy and that proposed by the Robertson Group 

(1985). 



Bani Group. 

(Published equivalents: Outer Feijas Shales Group [part], First Bani Sandstone Group, Ktaoua Clay and 
Sandstone Group, Second Bani Sandstone Group). 

This group is characterised. by numerous clean and argillaceous sandstone units intercalated with shales 
and silts. 

Tachilla (shale) Formation. 

(Published equivalent: Tachilla Shales Formation). 

Age: Llanvirn. 

Thickness: 50-1150M. 

Lithology: Greenish silty mudstones. This formation is generally poorly exposed. Where the 

Zini Formation has not been deposited, distinction between the underlying Fezouata Formation from 

the Tachilla Formation on lithological grounds alone is a problem. However the later can be 

distinguished by the presence of Llanvirn aged macrofaunas. 

First Bani (sandstone) Formation. 

(Published equivalents: Taddrist Formation, Bou Zeroual Formation, Igzert Formation, Ounnrhen 

Formation, lzgouiren Formation). 

Age: Llandeilo. 

Thickness: Upto, 550m. 

Lithology: Sandstones and quartzites intercalated with greenish silty sandstones with frequent 

ironstones. This formation comprises a series of coarsening upwards sequences that are frequently 

capped by ironstones. The marine macrofaunas suggest a shallow shelf marine setting for deposition of 

the sandy lithologies and the frequent oolitic ironstone units are thought to represent periods of very 

slow sedimentation or omission surfaces. 

Taourzo Member. 

Age: Earliest Llandeilo. 

Thickness: Upto 50M. 

Lithology: Oolitic ironstones interbedded with mudstones. 

Ktaoua (sandstone and shale) Formation. 

(Published equivalents: Lower ktaoua Clay-Sandstone Formation which includes the Foum Zguid, the 
Lower Tiouririne and the Bou Hajaj Members, Upper Tiouririne Formation, Rioud Assa Formation, 
Upper Ktaoua Formation). 
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Age: Caradoc-Ashgill. 

Thickness: 250-500m. 

Lithology: Sandstones and quartzites interbedded with mudstones. The formation comprises 
coarsening upwards sequences of largely shallow marine sediments with occasional coquinas and 
bryozoan debris horizons. lAterally e quivalent deep water mudstones accumulated to considerable 
thicknesses in more offshore settings. 

Note: Lower Ashgill faunas have not, as yet, been recovered from the Anti Atlas region which suggests 
a possible non-sequence or hiatus at this level. 

Lower Second Bani (sandstone) Formation. 

(Published equivalent: Lower Second Bani Formation). 

Age: Late Ashgill. 

Thickness: Upto 160m. 
Lithology: Sandstone. This coarsening upwards sequence has its upper surface truncated by an 

erosional surface. 

UgR2r Second Bani (sandstone) Formation. 

(Published equivalent: Upper second Bani Formation). 

Age: Late Ashgill. 

Thickness: Upto loom. 

Lithology: Coarse, locally pebbly sandstones. These fining upwards sandstones are believed to 

be glacio-marine in origin (Destombes, Hollard & Willefert, 1985) and are probably the time 

equivalent of glacial sediments which characterise the upper Ashgill elsewhere in North Africa. 

Tizi Ambed Group. ' 

(Published equivalent: Taskala Group [part]). 

This group represents a marine transgression that occurred over the Anti Atlas region in the early 
Silurian. Mie sediments rest disconformably on the glaciated palaeotopography of the late Ashgill. 
7be formations of the Tizi Ambed Group have restricted lateral distribution and are normally 

overlapped by the overlying Carbonaceous Shale Formation. 
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Ain Delouine Formation. 

(Published equivalent: Ain Delouine Formation). 

Age: Latest Ordovician (G. persculptus Zone)- Rhuddanian. 
Thickness: Upto 6m in the type section. 
Lithology: Well indurated laminated mudstones, greenish grey, violet, pink or mauve-white in 

colour. 

Sandstone-Shale Formation. 

(Published equivalent: Tizi Ambed Formation? ). 

Age: Rhuddanian-Aeronian. 

Thickness: Unknown. 

Lithology: Sandstones and siliceous shales with epiclastic volcanic elements. 

Ain Chebi (Sandstone) Formation. 

(Published equivalent: Ain Chebi Formation). 

Age: Aeronian. 

Thickness: Very variable over short lateral distances, upto 40m in the type section 

but upto 200m further to the west. 
Lithology: Sandstone, normally grey, violet or yellowish in colour. Ferruginous nodules occur 
towards the base and the sequence fines upwards with numerous clay partings towards the top. 

Amsailikh Plain Group. 

(Published equivalent: Taskala Group [part]). 

Ile black mud deposits of the lower formation of this group represent maximum flooding of the Early 

Silurian transgression. However, continued deposition of coeval arenaceous; sediments, attributable to 

the underlying Tizi Ambed Group, do occur locally, for example at Iriqui. 

Carbonaceous Shale Formation. 

(Published equivalent: Amsailikh Plain Formation [part], Tarnaghrout Formation [part]). 

Age: Aeronian-early Wenlock. 

Thickness: ? The thickest sections occur in the Plains du Draa of the central and 

eastern Anti Atlas. 

Lithology: Carbonaceous and graptolitic black-grey shales. The shales are white-pink when 
weathered. This formation is believed to be the oldest potential source rock in the region. 

is 



Areillaceous Shale Formation. 

(Published equivalent: Amsailikh Plain Formation [part], Tarnaghrout Formation [part]). 

Age: Wenlock-early Ludlow. 

Thickness: Unknown. 

Lithology: Generally grey, micaceous shale with rare intercalations of carbonate nodules. Grey- 

white shales, argillaceous sandstones and iron rich arenites are less common. The Argillaceous Shale 

Formation is generally distinguished from the underlying Carbonaceous Shale Formation by its less 

homogeneous, lighter coloured micaceous lithology. However in the Tazzarine area, the former is a 

black organically rich shale which sits on a much reduced thickness of the Carbonaceous Shale 

Formation. 7be graptolitic faunas present indicate a mid Wenlock-lower Ludlow age for these 

sediments which suggests that the early Silurian maximum flooding occurred later in this area. 

Trigui Group. 

(Published equivalent: Taskala Group [part]). 

Orthoceras Limestone-shale Formation. 

(Published equivalent: Orthoceras Limestone Formation) 

Age: Late Ludlow. 

Thickness: Upto approximately 30m. 

Lithology: Normally black argillaceous limestones with abundant orthoconic cePhalOpods, 

intercalated with shales. This forms the most easily recognisable marker horizon in the Silurian 

sequence. 

Calcareous Shale Formation. 

(Published equivalents: Upper Shales and Limestone Formation, ? Scyphocrinites Limestones 

Formation). 

Age: Late Ludlow-? early Gedinnian. 

Thickness: Unknown. The Formation is thickest in the Akka/Foum el Hassan region. 
Lithology: Grey calcareous shales. 

Argillaceous Sandstone Shale Member. 

Age: Pridoli? 

Thickness: Unknown. 

Lithology: Argillaceous fine sandstone. 
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ýMhrocrinites Member. 

Age: Early Lochkovian? 

Thickness: Unknown. 

Lithology: Sandy limestones and calcareous sandstones with Scyphrocrinites. This member 
forms a useful marker horizon at the top of the Calcareous Shale Formation from Ain (oui-n) Delouine 

in the south-west to the Erfoud region in the ENE. 

Black Shale Member. 

Age: Early Lochkovian? 

Thickness: Unknown. 

Lithology: Black organic rich shale. This can be found to ENE of the South Atlas region 

towards the top of the Calcareous Shale Formation. 

Ile Devonian lithostratigraphic nomenclature proposed by the Robertson Group in their South Atlas 

study follows Hollard's and other workers ideas in being split up into three major east-west tectonically 

related regions, namely the Draa, Maider and Tafilalt. 7be well section from which the majority of the 

Devonian samples analysed in the present study came, Oum Doul-1, lies to the west of the Anti Atlas 

region. It is the Devonian lithostratigraphy of this western region that is described below. 7be 

lithological descriptions and formation thicknesses given are based on data from Oum Doul-1. 

Rich Group. 

(Published equivalent: Rich Group [part]). 

Lmhaifid Formation. 

(Published equivalent: Lmhaifid Formation). 

Age: Gedinnian-early Siegenian. 

Thickness: Greater than 407m. 

Lithology: Grey and brownish grey mudstones with occasional intercalated white or light grey 

sandstones. Both of these lithologies are locally calcareous. 

17 
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Assa Formation. 

(Published equivalent: Assa Formation). 

Age: Siegenian. 

Thickness: 190M. 

Lithology: Dark grey mudstones with occasional intercalated white or yellowish brown 

sandstones. Both of these lithologies are locally calcareous. 

Merza Akhsai Formation. 

(Published equivalent: Akhsai Formation). 

Age: Late Siegenian. 

Thickness: 145m. 

Lithology: Intercalated dark grey mudstones and white and light grey sandstones with light to 

medium grey limestones beds towards the top of the formation. Iron staining is evident in the 

sandstone lithology 

Mdaour el Kbir Formation. 

(Published equivalent: Mdaour el Kbir Formation). 

Age: Emsian. 

Thickness: 150m. 

Lithology: Dark grey mudstones with common fine grained, calcareous sandstones. 

El Ansar Formation. 

(Published equivalent: Kebchia Formation [part]). 

Age: Emsian. 

Thickness: 150M. 

Lithology: Dark grey mudstones with common fine grained, calcareous sandstones. 

N'Kheila Formation. 

(Published equivalent: Kebchia Formation [part], Yeraifia Formation). 

Age: Late Emsian-Eifelian. 

Thickness: 345m. 

Lithology: A coarsening upward sequence with carbonaceous dark grey mudstones predominating 

at the base with fine grained, calcareous silty sandstones more common towards the top. 
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Megsem-Mdarsal GroujR. 
(Published equivalent: Megsem-Mdarsal Group, Draa Group). 

Ahrerouch Formation. 

(Published equivalent: Ahrerouch Formation). 

Age: Latest Emsian-Givetian. 

Thickness: 200m. 

Lithology: Medium to dark grey mudstones which are occasionally silty and calcareous with 

minor silty, calcareous, fine sandstones. 

Anou Smaira Formation. 

(Published equivalent: Anou Smaira Formation). 

Age: Givetian-Frasnian. 

Thickness: 1000M. 

Lithology: Dark grey, carbonaceous mudstones with rare fine sandstone interbeds. 

Draa Formation. 

(Published equivalents: 0. Amstil Formation, El Douiya Formation, Lemgairinat Formation). 

Age: Famennian. 

Thickness: 264m. 

Uthology: Medium to dark grey or brownish grey, carbonaceous mudstones with rare fine light 

grey sandstone interbeds. 

Lefdar Formation. 

(Published equivalent: Tazout 1 Formation). 

Age: Late Famennian. 

Thickness: 157. 

Lithology: Dark grey, carbonaceous mudstones with rare fine sandstone interbeds. 

No group names have been proposed by the Robertson Group for their Carboniferous lithostratigraphic 

framework. 
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Tazout Fomiation. 

(Published equivalent: Tazout 2 Formation, Tazout 3 Formation). 

Age: Tournasian. 

Thickness: 239m. 

Lithology: Light grey and brownish grey calcareous fine to medium grained. sandstones with 
intercalated medium to dark grey or olive grey mudstones. 
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Chapter 2. Aims and Objectives. 

Ile aims and objectives of the thesis fall into two categories. The first category includes those that 

were set out at the start of the project which are essentially the reasons for the conception of the project 
by my sponsors, Simon Petroleum Technology (SPT). The second set of aims and objectives are those 

which arose during the course of the study. 

The initial aims and obiectives. 

1. The primary aim of the project is to extract palynomorph assemblages from the Ordovician to 

Devonian macrofossil dated field samples from the Anti Atlas of Morocco, in order to calibrate the 

palynomorph assemblages against the macrofossil assemblages. 

2. To refine techniques for the palynological preparation of the Lower and middle Palaeozoic rocks 

with a view to their application in the field of industrial palynology. 

3. To produce a palynological zonation for the Ordovician to Devonian interval. 

Aims and obiectives arising during the course of the Rroiect. 

1. To select additional samples (field or well) to those that are macrofossil dated, with suitable 
lithologies for palynology, to fill in the stratigraphic gaps between the macrofossil dated samples made 

available. 

2. To establish the lithostratigraphic position of the field samples utilised with the aid of field note 
books, the Robertson Group South Atlas Study report (1985) and the geological maps of Morocco. 

3. To refine the technique of oxidising palynological. preparations by the use of fuming Schulz's 

solution. 

4. To analyse the practicability of suprageneric schemes currently in use for the acritarchs and 

chitinozoans. 

5. To adopt a generic and specific taxonomy for the acritarchs and chitinozoans that is practicable to 

palynologists worldng with a light microscope alone (i. e. not with SEM) which conforms with the rules 
of the ICBN. 

6. To make general palaeoenvironmental interpretations of the site of deposition of the samples using 
the assemblages recorded, paticularly from the relative abundances of palynomorph groups. 
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Chapter 3. Techniques. 

Palynological processing procedure. 

The procedure for the palynological preparation of rock samples for the present study is illustrated in 
the accompanying flowchart (fig. 9). Ile techniques employed are practical and time-efficient, notably 
the oxidation of the thermally mature samples. These time-efficient techniques are seen as flexible for 

use in future academic research or for use in the time conscious field of industrial palynology. 

Between 20 and 50g of dry rock, (depending on the quantity of rock available and the lithology; shales 
20-30g, siltstones and sandstones 30-50g) were crushed to pea size or smaller fragments with a pestle 
andmortar. The rock was then tested for the presence of calcium carbonate (CaCo3) with dilute (10%) 
hydrochloric acid (HCI). If the sample reacted, it was immersed in 35 % HCI until the effervescent 
reaction was complete. The sample was then decanted several times until neutral. 

The non calcareous sample was then immersed in approximately 100-200ml of 40 % hydrofluoric acid 
to break down the silicate minerals. It was left to stand in the fume cupboard for a period of between 

two days and three weeks. The sample was stiffed twice daily and the HF replaced weekly in the cases 
where the rock was more indurated. 

Recent developments in microwave rock digestion technology, a technique currently under investigation 

at Sheffield University, has shown that the time taken for this part of the processing procedure can be 

drastically shortened, rock digestion usually taking less than 20 minutes. This technique, which was 

not available for the present study, will surely become more widely used in the near future. 

Post the HF digestion, the sample was sieved through a 10um nylon mesh. If abundant organic residue 
was retained by the sieve, two kerogen slides were mounted (see below for the slide mounting 

procedure). 

The 10um plus residue was then oxidised for between 30 minutes to I hour in 70 % nitric acid. This 

was done primarily to remove any pyrite in the sample that may occur within the palynomorphs. The 

presence of pyrite within the palynomorphs would cause them to sink during heavy liquid separation. 
The sample was then neutralised. 

The organic residue was separated from the remaining mineral matter using heavy liquid separation. 
The sample was pipetted into a centrifuge tube and the heavy liquid, zinc chloride (SG 1.54) added. 
The tube was centrifuged for approximately 15 minutes at 2000 RPM. The floating organic residue 
was then 
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Figure 9. Palynological processing flowchart. 
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transferred to a glass beaker, acidified slightly with two drops of HCI and sieved until neutral. Two 
slides of the residue were then mounted. 

If any sample remained, further oxidation of the sample was carried out. The Ordovician, Silurian and 
Lower Devonian field samples prepared in the present study were found to be of high thermal maturity 
and required intense oxidation. Extended oxidation using Schulze's solution was found to be 

unsuccessful in attempting to bring about some degree of transparency of the palynomorphs. Breakage 

occurred prior to them becoming transparent using this oxidation agent. However, a technique using 
finning Schulze's solution, commonly employed on the high maturity Carboniferous assemblages of 
southern Eire (Higgs and other workers) which was recently developed upon by researchers at 
Southampton University (R. Knight and P. lake pers. comm. 1990) proved to be very successful. The 

solution is composed of fuming nitric acid (98 %) saturated with potassium chlorate. The blood red 
coloured fuming Schulze's solution was added to the organic residue for between five and 15 minutes. 
This achieved a more than adequate degree of transparency, with limited breakage, for detailed 

taxanomic analyses of the palynomorphs. This technique was found to be of particular value in 

chitinozoan analysis as thinning of the vesicle revealed the detail of surface ornamentation inmany 

specimens. Mounted and unmounted residues treated with fuming Schulze's are apparently prone to 

reversion back to a the black, opaque condition if subjected to prolonged atmospheric temperatures (R. 
Knight & P. Lake pers. comm. 1989). For this reason, the residues and slides are presently stored in a 
refrigerator. Samples treated with fuming Schulze's approximately two years ago have not yet reverted 
under refrigerated conditions. 

The Devonian core samples from Oum. Doul-I were found to respond better to normal Schulze's 

solution than did the field samples. The downhole samples were oxidised with normal Schulze's for a 

maximum of 16 hours with samples from the uphole Late Devonian interval only requiring 
approximately five minutes oxidation. 

Research into microwave stimulated oxidation of palynological residues, also at Sheffield University, is 

presently being developed . Initial results suggest that acid concentration and oxidation time can both 

be greatly reduced using the microwave technique (S. Ellin & D. McLean pers. comm. 1990-1992). 

The research is ongoing. 

An additional two slides, as a minimum, were mounted after the major oxidation stage. 

If any residue was remaining, it was split using a 53um sieve to isolate the chitinozoa. The 53um plus 
fi-action was then mounted on a slide. 
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Slide mounting: The neutral organic residue was immersed in poly-vinyl alcohol (PVA) to disperse the 

palynomorphs and pipetted onto a cover slip positioned on a hot plate. The cover slip, when dry, was 
then mounted on a biological slide using petropoxy 154 as the mounting medium. 

Amdytical procedure. 

17he preparation procedure employed produced upto four sets of slides for each sample: 
1. Post HF kerogen slides. 
2. Post nitric slides. 
3. Schulze's or fuming Schulze's slides. 
4.53urn slides. 

For every sample, post nitric slides were mounted, with Schulze's or faming Schulze's slides made up 
if any residue remained. The slide from which a palynomorph count was made was selected from one 

of these two sets, selection depending on which contained the better preserved palynomorphs. A 

standard count of 250 palynomorphs (acritarchs, chitinozoans, prasinophytes and spores) was made 
from the selected slide and at least two, and upto five slides were scanned for additional or well 

preserved photogenic specimens. The 53um slides, if available, were also scanned for supplementary 

chitinozoan taxa. 

Photography. 

The photomicrographs of the palynomorphs were taken on a Reichert-Jung Polyvar microscope with an 
80B colour correction filter. Kodak Kodacolour Gold 100 or 200 ASA film was used and the films 

were processed at Masterlab Ltd., Sheffield. The final plates were printed by Mr. B. Piggot, 

University of Sheffield. 

Computer applications. 

The computing package Tilia has been used to generate the illustrations of the presence and relative 

abundances of palynornorphs recorded and the cluster analyses of the assemblages from the samples 

analysed. The manuscript has been produced using the IBM compatable word processing applications 
Word 5.1 and Wordfor Windows. 
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Chapter 4. The Acritarcha Evitt 1963. 

Introduction. 

The first collective name for this group of microfossils, prior to the introduction of the term acritarch, 

was the 'hystrichospheres'. The Group Acritarcha was erected by Evitt (1963) in order to 

accommodate the numerous miscellaneous hystrichospheres that were not assignable to recognised plant 

groups at that time e. g. the Dinophyceae, the Prasinophyceae, and the land plant spores. Since 1963, 

several groups of morphotypes within the Acritarcha have been reinterpreted as having affinity to 

recognised plant groups, some of these interpretations, in my opinion, are correct, some are incorrect. 

Ile Acritarcha can be viewed as an amorphous amoeboid collection of microfossils that we should aim 

to reduce in size. This we should do by reassigning morphotypes within it that, on the basis of research 

can be reassigned, without question, to a recognised biological group. 

The Group Acritarcha (Evitt 1963) was originally defined as "Small microfossils of unknown and 

probably varied biological affinities consisting of a central cavity enclosed ba wall of single or multiple 

layers and chiefly of organic composition; symmetry, shape, structure, and ornamentation varied; 

central cavity closed or communicating with the exterior by varied means, for example: pores, a slit 

like or irregular rupture, a circular opening (the pylome). " This definition was restricted by Fensome 

et al. (1990) to account for the introduction of the colonial spheromorph group, the Cryptarcha Diver 

& Peat (1979, p. 404). The restricted definition of Fensome et al. (1990, p. 3) is as follows: 

"unicellular, or apparently unicellular, non colonial organic-walled microfossils of unknown or highly 

questionable affinity, occurring in palynological assemblages'. 

The acritarchs are a polyphyletic group of fossils (Evitt 1963; Downie, Evitt & Sadeant 1963) which 

are commonly the dominant group of microfossils in Palaeozoic rocks. Various aspects of the group, 

including morphology, possible biological affinity and classification are discussed in the following 

sections. 

Acritarch momhology. 

Ile morphological terminology adopted for the description of the Acritarcha has been somewhat 

inconsistent. Several glossaries of terms have been published, e. g. Lister 1970, Kjellstrom. 1971a. 

Unfortunately, these glossaries include some dinoflagellate cyst terms for acritarch morphological 
features that are potentially misleading. 7he functional implications of some of the dinoflagellate cyst 
terms used e. g. cyst, cingulum, if applied to acritarchs, may be interpreted as having a dinoflagellate 

style of function for the acritarch specimen in question. The potential for this type of confusion to arise 

can be avoided by using terms that have no implication for the mode of life of the acritarchs, as we are 

presently unaware of the true affinities of forms included in this group. The alternative terms used here 

are those already available so as to keep the dictionary of descriptive terms to a minimum. 
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A glossary of terms follows which is drawn from three sources, the published glossaries of Kjellstrom 

(1971) and Lister (1970) mentioned above with the addition of information personally conveyed by 

Professor C. Downie. 

Central body: Mie test minus the processes. Synonymous with vesicle. 

Cluster. Discoid or spherical shaped agglomeration of similar individuals. 

Distal: In an outward direction from the geometric centre of the vesicle. A term commonly used with 

reference to the processes. 

Epibystra: A circular opening positioned at the apex of a cone shaped process. 

Epityche: A flap-like opening at the lateral margin if a flattened vesicle. 

Equatofial split: An opening formed be the splitting of a spherical vesicle into two equal hemispheres. 

Heteromorphic. Processes having a variable morphology on a specimen. 

Homomorphic. Procewes having the same morphology on a specimen. 

Lippedpylome: Circular opening of the vesicle with a raised rim at the margin. 

Longitudinal split: A slit-like opening running parallel to the longitudinal axis of the vesicle. 

Marginal split: A slit-like opening at the lateral margin of a flattened vesicle. 

Me, diwn split: An opening formed by the splitting of an elongated vesicle into two more or less equal 

halves. 

Opening: A regularly shaped aperture in the wall of the vesicle. It is commonly regarded as the 

aperture through which the vesicle contents (the protoplasm) escaped to continue the life cycle of the 

acritarch, i. e. having a similar function as the archaeopyle in dinoflagellate cysts. 

Cýýculwn: The part of the vesicle wall lost in the formation of a pylome, an epityche or an epibystra. 

Orn, ament: projections on, or sculpture of the test. Elements 2um in height and less are considered to 
be ornamentation. Onuu=tation may be scabrate, granulate, baculate, echinate or in the form of 
ridges. 
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Process: A prominent projection from the vesicle, here considered to be greater than 2um in height. 

Process base: That part of the process adjacent to the vesicle. Ibe process base may be angular, 

curved or constricted. 

Process branching: Ile furcation of the process distally. Branching may be bifurcate, trifurcate, 

palmate, ramusculose/multifurcate, floreate or digitate. 

Process distribution: Processes distribution may be regular, apical, linear, bipolar or unipolar 

Process shaft: That part of the process between the process base and the process termination. Ile 

shaft may be conical, cylindrical or inflated. 

Process termination: Ile distal part of the process. The process termination may be accuminate, 

truncated, capitate, bulbous, rounded or, branched. 

Praximal: In an inward direction towards the geometric centre of the vesicle. A term commonly used 
with reference to the processes. 

Pylome: A circular opening of the vesicle. 

Plug: An accumulation of organic matter at the base of a process dividing the process cavity from the 

vesicle interior. 

Stigmata: An opening of the vesicle in the centre of one of the flattened surfaces of a flattened vesicle. 

Test: The organic test as a whole. 

Test shape: The overall shape of the acritarch. The terms used here are acanthomorphic with a 

rounded vesicle, acanthomorphic with a polygonal vesicle, acanthomorphic with an elongated vesicle, 
polygonal, spherical, fusiform, cylindrical, flattened or discoid. 

Vesicle: The test minus the processes. Synonymous with central body. 

Vesick communication: 7be separation or non-separation of the process cavity from the interior of the 
vesicle. 
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Figure 10. Acritarch morphology. 

a. A briefly labelled specimen of Die-rallqphaýis sp. 

Test sh=. 

b. Acanthomorph with rounded vesicle 
C. Acanthomorph with polygonal vesicle 
d. Polygonal 

e. Spherical 
L Acanthomorph with elongated vesicle 
g. Fusiform 
h. Cylindrical 
i. Flattened 
j. Discoid 

Qptning typrL 

k. Pylome, with the corresponding operculum, 
1. Lipped pylome 
m. Epibystra 
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S. Equatorial split 
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Figur* 11 - Acritärch Mrphology (cc>ntinuej). 

Processcs to Vesic1c relationship. 
a. Free communication between the process cavity and the vesicle 
b. Solid processes 
C. Scaled. 7be process cavity Is scaled from the vesicle by the inner wall 12)'Cf- 
d. Plugged. Ile base of the process cavity Is plugged by an accumulation of Oftlr'1*4 

matter 

Processes distribution. 
C. Regular 
f. Apical 
g. Linear 
h. Dipolar 
1. Unipolar 

Process base. 
J. Angular 
k. Curved 
1. Consuicted 

M. Conical 
n. Cylindrical 
0. Inflated 

Rroc ess terminations. 
P. Accuminate. 
q. Truncated. 
r. Capitatc. 
S. Bulbous. 
t. Rounded. 

Proce 
U. 

ss branching. 
Simple, not branched. 

V. Bifurcatc. 
W. Trifurcate. 
X. Palmate. 
Y. Ramusculose or multifurcate. 
Z. Floreate. 
aa. Digitate. 
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Wall: 7le organic wall of the test which consists of one or more layers. Where two wall layers occur, 
they are simply referred to as the inner and outer layers. If three layers occur, the middle layer is 

referred to as such. 

Biological affinity. 

Acritarchs are, by nature of their definition, a group of microfossils of unknown or uncertain affinity. 
However, many acritarchs show closely comparable morphological features to recognised microfossil 
groups. 

The Dinophyceae show a remarkable similarity in morphology to many genera presently included in the 
Acritarcha. This similarity was investigated to a considerable extent by Lister (1970) who proposed 
tabulation configurations for species of Cymbosphaeridium which he recorded from the Ludlow of 
Shropshire. The anomalous occurrence of Arpylorus Calandra 1964 emend. Sadeant 1978 in the 
Silurian, which is considered to be a dinoflagellate cyst genus (Lentin & Williams 1989; Fensome et al. 
1990), suggests that perhaps more genera of acritarchs may be demonstrated to be closely related to the 
dinoflagellates by future research. 

A number of acritarchs show close morphological similarities to the phycoma stage in the life cycle of 

some prasinophyte genera. Although some genera that were originally included in the acritarchs are 

now universally accepted as prasinophytes, e. g. Tasmanites Newton 1875, Pterospermella Eisenack 

1975, many are still in dispute (Colbath 1979; 1983), see the Prasinophycean algae chapter herein. 

Comparison and transfers of acritarchs to the Chlorophyta is also apparent in the literature (rappan 

1980). A notable genus which is relevant to this study is Deflandrastrum Combaz 1962. This is a four 

celled form which, although appearing superficially similar to the present day Pediastrum, can not be 

placed in the Chlorophyta without question. For this reason Deflandrastrum is included in the 
Acritarcha here. 

Spheromorphic acritarchs with low ornamentation or a smooth vesicle wall may in some cases be 

related to the land plants. From middle Ordovician records and younger, the time of land plants 
development, it is quite possible that such spherical bodies may be alete miospores of land plant origin. 
Detailed investigation of the wall ultrastructure of such bodies would have to be undertaken to elucidate 
such questions. 

Acritarch classification. 

For purely practical reasons, Evitt (1963) recommended that the Acritarcha should be treated under the 
same classificatory code as the dinoflagellates which is the International Code of Botanical 
Nomenclature (ICBN). Earlier, Downie, Williams & Sadeant (1961) had proposed that fossil organic 
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shelled microplankton, which included the dinoflagellates and the then named hystrichospheres, should 
be classified as plants and subject to the rules of the lCBN- Evitt, in 1963, endorsed this view. 

Prior to the introduction of the Acritarcha, several family names were in use for the hystrichospheres 

e. g. Leiosphaeridae Eisenack 1954, Hystrichosphaeridae Wetzel 1933, Diplotestidae, Cookson & 

Eisenack 1960. In order to reorganise the suprageneric framework post the introduction of the group 

Acritarcha, Downie, Evitt & Sadeant (1963) published 13 subgroups of acritarchs. The subgroups 

were recognised as not conforming to the rules of the ICBN by the authors but were proposed as a 

purely mechanical means of suprageneric grouping. A list of the 13 subgroups of Downie Evitt & 

Sadeant follows with an indication of the corresponding pre 1963 family names follows. The present 

systematic position of the subgroup is indicated if it is no longer included in the Acritarcha. 

Subgroup ACANTHOMORPHITAE Downie, Evitt & Sadeant 1963, equivalent to the 

Hystrichosphaeridae (pars) Wetzel 1933a. 

Subgroup POLYCONOMORPHrrAE Downie, Evitt & Sarjeant 1963, equivalent to the 

Hystrichosphaeridae (pars) Wetzel 1933a. 

Subgroup SPHAEROMORPHrrAE Downie, Evitt & Sadeant 1963, equivalent to the Leiosphaeridae 

Eisenack 1954. 

Subgroup NETROMORPHITAE Downie, Evitt & Sadeant 1963, equivalent to the Netromorphitae 

Eisenack 1938a. 

Subgroup DIACROMORPHITAE Downie, Evitt & Saxjeant 1963, equivalent to the Dicrodiaceae 

Timofeev 1958, the Diomatosphaeridea Downie 1958 and the Trachydiacrodidae Deflandre & 

Deflandre-Rigaud 1962. 

Subgroup HERKOMORPHITAIE Downie, Evitt & Sadeant 1963. Some authors believe that all species 

that are accommodated in this subgroup are assignable to the Class Prasinophyceae Round 197 1, e. g. 

Tappan 1981. The present author believes only some of the species included here can bejustifiably 

transferred at the present time. 

Subgroup PTEROMORPHITAF. Downie, Evitt & Saýeant 1963, equivalent to the Pterospermopsidae 

(pars) Eisenack 1954a. Species included here are now assignable to the Class Prasinophyceae. 

Subgroup PRISMATOMORPHrrAF, Downie, Evitt & Sadeant 1963. 

Subgroup OOMORPHrrAE Downie, Evitt & Sadeant 1963. 
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Subgroup STEPHANOMORPHITAF. Downie, Evitt & Sadeant 1963. Species included here are now 
included in the Class Dinophyceae Fritsch 1929. 

Subgroup DISPHAEROMORPHITAE Downie, Evitt & Sadeant 1963. 

Subgroup DINETROMORPHITAE Downie, Evitt & Sarjeant 1963, equivalent to the Diplotestidae 

(pars) Cookson and Eisenack 1960. Species included here are now included in the Class Dinophyceae. 

Subgroup PLATYMORPHITAE Downie, Evitt & Sarjeant 1963. Species originally assigned here are 

now included in the Class Dinophyceae. 

In addition to the initial 13 subgroupings, Staplin Jansonius & Pocock 1965 published the subgroups 
Baltisphaeritae, which is essentially a subset of the Acanthomorphitae, the Leiosphaeritae, which is 

identical to the Sphaeromorphitae and the Tasmsinatae which is equivalent to the family Tasrnqnaceae 

Sommer 1956. In 1967, Seagroves published the subgroup Schizomorphitae which incorporated 

spherornorphs with an equatorial split. Brito introduced the subgroups Scutellomorphitae (Brito 1967a) 

and the Retractomorphitae, (Brito 1969), the former to accommodate Maranhites type forms, the latter 

for TrianguUna type forms. The only other subgroupings that have been published are the 

Reticulasphaeromorphitae Sinha 1969 which includes reticulate spheromorphs, as the name implies, and 

the Coryphomorphitae Vavrdova 1973 which includes pad shaped forms with decorated apices. 

In 1979, Cramer & Diez published a comprehensive key to genera which utilises some of the 

subgroupings published previously. They divided the acritarchs into three broad units as follows: 

Unit 1. Sphaeromorphitae: Unit consisting of spheromorphs with a smooth or little ornamented 

vesicle wall. 

Unit 2. Ilose acritarchs that do not belong to the spheromorphs (Unit 1) and the acanthomorphs (Unit 

3). 

Unit 3. Acanthomorphitic acritarchs: Acritarchs possessing processes. This overwhelmingly large 

unit was subdivided into three subunits. 

a. The Netromorphitae. Fusiform acanthomorphs. 
b. Diacromorphitae Acanthomorphs with a bipolar distribution of processes. 

c. Acanthomorphitae. Acanthomorphs with a regular distribution of processes. 

The main criticism of this key is the total disregard for the method of opening as a morphological 
feature of the acritarchs. It would appear likely from comparison with other algal groups, e. g. the 
Dinophyceae, that this phenomenon is biologically significant and should, therefore, not be ignored. 
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An unpublished suprageneric scheme of Downie, personally conveyed to the students on the 1988-89 

palynology M. Sc. course at the University of Sheffield, has some very interesting aspects. The scheme 

splits the acritarch genera into 19 complexes based not only on morphology, as did the scheme of 
Downie, Evitt & Sadeant 1963, but on both morphology and their distribution in time. The restriction 

of a particular morphotype to a relatively narrow time interval may well indicate a biological 

relationship between taxa falling into that complex. Providing further information as to the possible 
biological relationship between taxa is probably the major benefits of constructing a morphological 

suprageneric scheme. As for the other supposed benefit of a suprageneric scheme, i. e. rapid location 

and retrieval of taxa, it is hard to imagine a purely morphological scheme in which taxa are more easily 
located than in a system where taxa are listed alphabetically. 

The author believes that the suprageneric ordering of acritarchs on a morphological basis will only 

create problems for future workers wishing to use this piece of work. The published scheme of 
Downie, Evitt & Sadeant 1963 is far from ideal, as indicated by the additional work of Downie (pers. 

comm. 1989). This suggests that alterations will be made or alternative schemes will be used by future 

workers. Evolution of such artificial suprageneric schemes leads to frustration and time wasting for 

workers wishing to locate a particular taxon buried in a scheme that is out of date. For these reasons, 

acritarch taxa are listed alphabetically in this thesis. 
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Acritarch systematics. 

In this section all taxa are listed alphabetically for the reasons outlined in the previous chapter. All size 

dimensions given are based on five specimens measured, unless stated otherwise. 

Synonomy for the Acritarcha largely follows that of Fensome et al 1990. However, where there is 

disagreement with this publication, remarks are made under the tax& concerned. Selective synonomy 

lists for these controversial taxa are included. 

The ages stated here for the holotypes of the species are those sited by their authors. 

Group Acritarcha Evitt 1963. 

Genus Acanthodlacrodium Timofeev 1958 emend. Deflandre & Deflandre-Rigaud 1962. 

Synonomy: 1961, Priscotheca, Deunff, p. 42-43. 

Type species: Acanthodiacrodium dentiferum Timofeev 1958. 

Generic description: Timofeev 1958, p. 831; Deflandre & Deflandre-Rigaud 1962, p. 194. 

Remarks: The genus Actinodissus Loeblich & Tappan 1978 includes species with a thinner wall than 

those included in Acanthodiacrodiwn. Priscotheca Deunff 1961 is here considered to be a junior 

synonym of the Acanthodiacrodium as suggested by Cramer & Diez (1979). 

Acanthodiacrodium amplium Rasul 1979. 

Plate 1, figs. 1&2. 

Description: Rasul 1979, p. 64, pl. 2, fig. 1. 

Holotype: Rasul 1979, pl. 2, fig. 1. Age: Tremadoc. 

Remarks: Acanthodiacrodium wnplium differs from A. computulum Rasul 1979 by having broader and 

longer processes. 
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Acanthodiacrodium angustizonale Burmann 1968. 

Plate 1, figs. 3 & 4. 

Description: Burmann 1%8, p. 641, pl. 1, fig. 8. 

Holotype: Burmann 1968, pl. 1, fig. 8. Age: Late Llanvim. 

Remarks: Morphologically similar species include A. plenum Timofeev 1959 and A aciferum 
Timofeev 1959. The former appears to have less rigid processes and a more spherical central body. 

Acanthodiacrodium aciferum has a very similar body shape and process morphology to A. 

angustizonale but, from the illustration of the holotype by Timofeev 1959, it appears to have 

considerably fewer processes. 

Acanthodiacrodium constrictum (Deunff) Downie & Sadeant 1965. 

Plate 1, figs. 5 & 6; pl. 14, fig. 1. 

Description: Deunff 1961a, p. 43-44, pl. 3, fig. 8; for an English translation see Eisenack, Cramer & 

Diez 1979, p. 13. 

Holotype: Deunff 1961a, pl. 3, fig. S. Age: Tremadoc. 

Remarks: Specimens of A. constricium recorded here have a varying degree of equatorial constriction. 
In addition to those closely resembling the holotype, a considerable number of specimens included here 

have a similar morphology to A. (Diornatosphaera) cf. constricrum sensu Deunff 1961 which has a less 

marked constriction of the central body at the girdle. 

Acanthodiacrodium costatum Burmann 1968. 

Plate 1, figs. 9,10 & 11. 

Description: Burmann 1968, p. 640, pl. 1, fig. 5. 

Holotype: Burmann 1968, pl. 1, fig. 5. Age: Late Llanvim. 
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Remarks: Acanthodiacrodium costatum is distinguished from the majority of Acanthodiacrodium 

species by the presence of longitudinally arranged ribs in the region of the girdle. Acanthodiacrodium 
latizonale Burmann 1969 and A. rectinerve Burmann 1968 also possess ribs but these two species differ 

by having more prominent spines than A costatum. Acanthodiacrodium tassefil Martin 1968 also 

possesses feint ribs but the processes of this species are also longer and greater in number. 

Acanthodiacrodium raia (Deunff) Eisenack Cmmer & Diez 1979. 

Plate 1, figs. 7 & 8. 

Synonomy: 1961, Priscotheca raia, Deunff, p. 42-43, pl. 3, fig. 2. 

Description: Deunff 1961a, p. 42-43, pl. 3, fig. 2; for English translation see Eisenack, Cramer & Diez 

1979, p. 20. 

Holotype: Deunff 1961a, pl. 3, fig. 2. Age: Tremadoc. 

Remarks: Fensome et al. 1990 retained the genus Priscotheca Deunff 196 1, of which 'P. raia' is the 

type species, for the sole reason that Volkova 1988 published another species in that genus. The 

present author sides with Cramer & Diez 1979 in this case (p. 89) in discarding the genus Priscotheca 

and accommodating all species of that genus within Acanthodiacrodium. 

A number of species whose morphology varies only slightly from that of A. raia have been split on 

very minor variations in the shape of the base of the process, shape of the central body and size. 
Susceptibility of these elongate forms to folding and distortion in compression makes splitting of this 

group of morphotypes on such characteristics rather arbitrary. 7be species A. prismatic (Deunfo 

Eisenack, Cramer & Diez 1979, A. minima (Deunff) Eisenack, Cramer & Diez 1979 and A. compliant 
(Deunff) Eisenack, Cramer & Diez 1979 are all closely comparable and require biometrical analysis of 
their populations to establish the legitimacy and the scope of these species within this complex of 
forms. 
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Acanthodiacrodium seleawn Timofeev 1959. 

Plate 2, figs. 1&2. 

Description: Timofeev 1959b, p. 75, pl. 6, fig. 34. 

Holotype: Timofeev 1959b, pl. 6, fig. 34. Age: Late Cambrian. 

Remarks: Specimens assigned here have a rather thick, robust wall. 

Acanthodiacrodium uniforme Timofeev 1959. 

Plate 2, figs. 3,4 & 5. 

Synonomy: 1959, Acanthor 
. 
oldodiacrodium serotinwn Timofeev, p. 82, pl. 7, fig. 9. 

1959, Acanthorytidodiacrodium diffuswn Timofeev, p. 86, pl. 7, fig. 27. 

Description: Timofeev 1959b, p. 69, pl. 6, fig. 2. 

Holotype: Timofeev 1959b, pl. 6, fig. 2. Age: Mid-Late Cambrian. 

Remarks: Of the 51 species of Acanthodiacrodium and 34 species of 'Acanthorytidodiaaodium' (the 

majority of the species originally described in Acanthoryt"iaaodium are now accommodated in 

Acanthodiacrodium, [Fensome et al. 1990]) described by Timofeev (1959) from the Soviet Cambrian, 

there is much room for synonomy as one might expect. 

Specimens have an ovoidal central body with rounded apices. Spine length varies between 2-Sum in 

length and breakage of the spines is common. 7be girdle occupies approximately 1/4-1/3 of the length 

of the body. 7bere are no longitudinal ribs or striations in the region of the girdle. 7be vesicle is 30- 

45um in length. 

Acanthodiacrodium costatum Burmann 1968 is similar in overall shape but differs in having ribs id the 

area of the girdle. 
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Acanthodiacrodium varvrdovae Cramer & Diez 1977. 

Plate 2, fig. 6. 

Description: Cramer & Diez 1977a, p. 343, pl. 5, figs. 4,5 & 9. 

Holotype: Cramer & Diez 1977a, pl. 5, fig. 5. Age: Early Arenig. 

Remarks: A morphologically similar species is A. petrovi Timofeev 1959 which differs in having 

markedly fewer processes at each pole. 

Acanthodiacrodium cL vulgare Timofeev 1959 ex Downie & Sadeant 1965. 

Plate 2, fig. 10. 

Holotype: Timofeev 1959b, pl. 7, fig. 27. Age: Late Cambrian. 

Remarks: Compare with Timofeev 1959b, p. 86, pl. 7, fig. 27 and Downie & Sadeant 1965, p. 81. 

Specimens assigned here have a squat cylindrical central body, a girdle occupying approximately 1/3 of 

the body length and short stout processes at the poles. Specimens are 35-40um in length. 

The holotype of A. vulgare has a similar body shape and process morphology to A. cf. vulgare but it 

has noticeably fewer processes. The type material is also larger in size, the central body ranging in 

length between 51-40urn compared to 35-40um in length here. 

Acanthodiacrodium sp. 1. 

Plate 2, figs. 7,8 & 9. 

Description: Acanthomorphic acritarchs with processes concentrated at each pole of the central body. 

The central body has a strongly polygonal aspect as a result of the conical shaped 'Goniosphaeridium 

type' processes. 17he body is as broad as it is long (the length ranges between 22-3 lum). The girdle is 

poorly defined and occupies approximately 1/4 of the length of the central body. The processes are 

cone shaped, upto 10um long and upto 7um wide at the base tapering distally to truncated or 

accuminate tips. The wall is composed of a single wall layer and the processes communicate freely with 
the central body. The wall is smooth. No regular form of opening is apparent. 
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Remarks: This species has similar process morphology and a similar polygonal aspect to the central 
body as has A. constriawn described above. However, Acanthodiacrodiwn sp. I has a more 

equidimensional central body and little, if any, constriction at the girdle. 

Acanthodiacrodium sp. 2. 

Plate 2, figs. 11-14. 

Description: Acanthomorphic acritarchs with processes concentrated at each pole of the central body. 

The central body is flattened (as in Veryhachium) and has a strongly polygonal aspect as a result of the 
Tolygonium type' processes. The body is generally equidimensional. The girdle occupies 

approximately 3/4 of the central body and the length of the body ranges between 22-29um. Processes 

are long, upto l5um in length, with broad polygonal bases and accuminate tips. The wall is composed 

of a single wall layer and the processes communicate freely with the central body. The wall is smooth. 
No regular form of opening is apparent. 

Remarks: This species is distinguished from other species of Acanthodiacrodium by the flattened 

polygonal body and 'whip-like' processes. It closely resembles some of the Polygonium spp. observed 
from the Tremadoc-Arenig aged samples in the present study. The most notable similarity is with A 

gracile vars. 2&3 described below. This form also has a polygonal central body but they differs in 

having a more regular distribution of processes. 

Genus Acdno&ssus Loeblich & Tappan 1978. 

Type species: Actinadissus longitaleosus Loeblich & Tappan 1978. 

Generic description: Loeblich &Tappan 1978, p. 1236-1238. 

Remarks: Actinodissus is distinguished from Acanthodiacrodium in possessing a thinner vesicle wall. 

43 



Actinodissus rectinerve (Burmann) comb. nov. 

Plate 14, figs. 2,3 & 4; pl. 40, figs. 1,2 & 3. 

Synonomy: 1968, Acanthodiacrodium rectinerve Burmann, p. 641, pl. 1, fig. 7; pl. 7, fig. S. 

Description: Burmann 1968, p. 641, pl. 1, fig. 7; pl. 7, fig. 5. 

Holotype: Burmann 1968, pl. 1, fig. 7; pl. 7, fig. S. Age: Late Llanvim. 

Remarks: This ffiin walled, granulate diacrodian species described from the Llanvirn by Burmann 

(1968) is better accommodated in the genus Actinodissus. Species within the genus Acanthodiacrodium 

are generally more robust in appearance with a thicker wall. In addition, Acanthodiacrodium species 

generally occur in older sediments (usually Late Cambrian-Arenig in age) than the thinner walled 

Actinodissus species. 

Actinodissus sp. 1. 

Plate 3 1, fig. 1. 

Description: Acanthomorphic acritarchs with processes concentrated at each pole of the central body. 

The body is elongate ellipsoidal and measures 35-40um in length and 20-25um wide at the girdle, the 

girdle occupying approximately 1\4 of the length of the body. Each pole has a concentration of about 

20 processes measuring between 10-15um in length and upto 3um wide at their base. 7be processes are 

simple with accuminate tips and they communicate freely with the central body. 7be wall is thin and 

composed of a single layer with a smooth or granulate surface. No regular form of opening is 

apparent. 

Remarks: Actinodissus crassus Loeblich & Tappan 1978 has a more equidimensional central body and 
has a longer and more slender processes than Acrinodissus sp. 1. The former also differs in possessing 

striations on the central body. Actinodissus longitaleosus Loeblich & Tappan 1978 has more straight 

sided processes which gives a more polygonal aspect to the shape of the central body of this species. In 

addition processes are longer, more slender and are ornamented with fine grana. Actinodissus ubuii 
(Martin) Fensome et al. 1990 has shorter spine-like processes and a striate central body. 
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Actinodissus sp. 2. 

Plate 14, fig. 5. 

Description: Acanthomorphic acritarchs with the processes concentrated at each pole of the central 
body. Ile body is elongate ellipsoidal and measures 35-44um in length and 25-35um wide at the 

girdle. The girdle occupies approximately 1\3 of the length of the body. Each pole has a concentration 

of about 15 processes measuring up to 15um in length and up to 4um wide at the base. Ile processes 

are broad with accuminate tips and they communicate freely with the central body. Ile wall is thin and 

composed of a single layer and the wall surface is granulate. No regular form of opening is apparent. 

Remarks: This species is very similar in morphology to Actinodissus sp. I but differs in having 

broader, more blunt processes and a broader central body. 

Genus Actinophasis Loeblich & Wicander 1976. 

Type species: Actinophasis complurikua Loeblich & Wicander 1976. 

Generic description: Loeblich & Wicander 1976, p. 5-6. 

Remarks: This genus is similar to the genus Multiplicisphaeridium. Species within it are distinguished 

by the presence an ornament of radially arranged striations on the central body centred about the base of 

the processes. The genus Stelliferidiwn has a very similar ornamentation on the central body but can be 

distinguished by the presence of a pylome. 

Actinophasis cf. complurilata Loeblich & Wicander 1976. 

Plate 120, figs. 1-4. 

Holotype: Loeblich & Wicander 1976, pl. 1, fig. 3. Age: LAte Gedinnian. 

Remarks: compare with Actinophasis complurilata Loeblich & Wicander 1976, p. 6, pl. 1, figs. 1-3. 
Specimens included here strongly resemble the type material. However, the processes are slightly 

shorter and the central body is slightly more rounded in the specimens recorded here. 
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Genus AmmonlNum Lister 1970. 

Type species: Ammonidium microcladum (DOwnie) Lister 1970. 

Generic description: Lister 1970, p. 48-48. 

Remarks: The genus Ammonidium encompasses acanthomorphic acritarch species with processes that 

are equifurcate at the distal terminations. The wall may be smooth or sculptured. 
Multiplicisphaeridium differs by having heteromorphic processes that branch in a more elaborate 
manner. 

Ammonidium? alloiteauii (Deunfo Deunff 1976. 

Plate 149, fig. 1; pl. 153, figs. I&2; pl. 163, fig. 1; pl. 172, fig. 1; pl. 180, figs. I&2. 

Description: Deunff 1955, p. 148, pl. 4, fig. 3. 

Holotype: Deunff 1955, pl. 4, fig. 3. Age: Middle Devonian. 

Remarks: This species is a moderately thick walled form and commonly appears dark in coloration in 

palynological preparations. Ammonidium sp. 1 (herein) is morphologically very similar. However, 

this older form, recorded here from Wenlock aged sediments, has broader, more stout processes. 
Multiplicisphaeridium raspum (Cramer) Eisenack, Cramer & Diez 1973 has longer processes than A? 

alloileauii that furcate in a less ordered manner. 

Ammonidium grosjeanii (Stockmans & Williere) Martin 1981. 

Plate 172, figs. 2-6; pl. 180, fig. 3. 

Description: Stockmans & Williere 1962, p. 87-88, pl. 2, fig. 17, text-fig. 6. 

Holotype: Stockmans & Williere 1962, pl. 2, fig. 17. Age: Frasnian. 

Remarks: This species has a similar morphology to A. microcladum, however it has processes which 

are more robust, having thicker shafts and thicker distal pinnae. 
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Ammonidium microcladum (Downie) Doming 1981. 

Plato 57, figs. 2 & 3; pl. 72, fig. 1; pl. 8 1, figs. 1,2 & 3. 

Description: Downie 1963, p. 645, pl. 91, fig. 3; pl. 92, fig. 6, text-fig. 3g. 

Holotype: Downie 1963, pl. 92, fig. 6. Age: Wenlock. 

Remarks: The intraspecific variation widiin A. microcladwn reported by Le Herrise, (1989, p. 83) 

indicates that A. waldronense (Tappan & Loeblich) Doming 1981 may be a junior synonym of this 

species. Salopidium granuliferum (Downie) Doming 1981 has a similar gross morphology to A. 

microcladum but differs in having simple as opposed to equifurcate process tips. 

f 
Ammonidium cf. ludloviense Lister 1970 ex Doming 1981. 

Plate 57, figs. 1&4. 

Holotype: Lister 1970, pl. 1, fig. 14. Age: Wenlock-Ludlow. 

Remarks: Compare with Lister 1970, p. 50, pl. 1, figs. 6,12-14. The two specimens recorded here 

have processes with expanded bases that merge with the central body, as in A. ludloviensis. 7be central 

vesicle is faintly granulate. The specimens observed have capitate process terminations which differs 

from the combination of capitate and minutely furcate process terminations of the holotype. Specimens 

here are also slightly larger than the type material, the central body measuring upto 50um. in diameter. 

Ammonidiwn listeri Smelror 1986 also has expanded process bases but possesses a greater number of 

processes. 

Ammonidium sp. 1. 

Plate 78, figs. 1-4. 

Description: Acanthomorphic acritarchs which have a rigid spherical central body measuring between 

32-38urn in maximum diameter. 7bere are more than 50 short evenly distributed processes present. 

They measure between 3-7um in length and upto 4um wide at the base. They taper distally and possess 

a combination of capitate, equifurcate bifid and\or equifurcate trifid tips. The process to body ratio is 

approximately 1: 8. The wall is composed of a single layer and is smooth. The processes appear to 

communicate freely with the central body. Opening of the vesicle is by medium split. 
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Remarks: This species is morphologically similar to Ammonidium? sp. I sensu Hill 1974 (Ph. D. 

thesis), 1974 and 1984. Specimens recorded in the present study have a slightly thicker, more robust 

wall. Ammonldiwn? sp. 1 Hill sensu Le Herisse 1989 (p. 84, pl. 5, fig. 6) is also very similar in 

morphology to Anunonidium sp. 1. 

Of the formally published species, A? alloiteauii is the most comparable. Ammonidium? alloiteauil, 
described from the Devonian of North America, differs in possessing more straight sided and longer 

processes. 

Anunonidium sp. 2. 

Plate 104, figs. 1 -5; pl. 114, figs. I&4. 

Description: Acanthomorphic acritarchs which have a subspherical central body measuring between 

40-50um in maximum diameter. 7bere are more than 50 slender evenly distributed processes present. 
7bey measure approximately 8um in length and are 1-2um wide at the base. 7bey taper very slightly 
distally and possess a combination of capitate, equifurcate bifid and equifurcate trifid tips. Ile process 
to body ratio is approximately 1: 6. The wall is composed of a single layer which under high 

magnification appears to be vacuolate with many hundreds of small (lum in diameter) subspherical 

vacuoles. Opening of the vesicle is by medium split. 

Remarks: 7be thin processes and the distinctive vacuolate wall structure distinguish this taxon. 

Ammonidium microcladum is a comparable form by way of the form of the processes. However, A. 

microcladum has a more dense distribution of processes, the processes also being longer relative to the 

diameter of the central body. 

Genus Arbusculidium Deunff 1968. 

Type species: Arbusculidium destombesii Deunff 1968. 

Generic description: Deunff 1968a, p. 101-102. 

Remarks: Arbusculidium is comparable to the genus Dicrodiacrodium. Both genera include species 
with filamentous processes at one pole of the elongated vesicle. However, the opposite pole to that 

possessing the filamentous elements in Dicrodiacrodium species possesses a single process with a 
farcate distal termination in contrast with the several simple processes at the opposite pole in 

Arbusculidium species. 
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Arbusculidiumfilwnentosum (Vavrdova) Vavrdova 1972. 

Plate 14, figs. 8,9 & 10. 

Description: Vavrdova 1965, p. 335-336, pl. 4, fig. I. 

Holotype: Vavrdova 1965, pl. 4, fig. 1. Age: Arenig. 

Remarks: Specimens recorded here closely resemble the type specimens described by Vavrdova. 

Genus Ballisphaeridium Eisenack 1958 ex Eisenack 1959 emend. Eisenack 1969. 

Type species: Baldsphaeridium longispinosum (Eisenack ex 0. Wetzel) Eisenack 1959. 

Generic description: Eisenack 1969, p. 249. 

Remarks: Baltisphaeridium is distinguished from Micrhystridium by having the communication 

between vesicle and processes blocked proximally. The processes communicate freely with the vesicle 

in Micrhystridium. The genus Baltisphaerosum Turner 1984 differs from Baltisphaeridium in the 

method by which the vesicle opens. In the former, opening is by medium split and in the latter by 

means of a pylome. 

Baltisphaeridium anfractum Playford 1977. 

Plate 137, fig. 1; pl. 153, fig. 3; pl. 163, fig. 2,3 & 5. 

Description: Playford 1977, p. 11, pl. 1, figs. 1 -8. 

Holotype: Playford 1977, pl. 1, fig. 1. Age: Emsian. 

Remarks: This species is characterised by the relatively small central body (17-35um) and the very 
long (30-60um), flexible, slender processes. 
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Baltisphaeridium archaicum Cramer & Diez 1972. 

Plate 58, fig. 1; pl. 72, fig. 2. 

Description: Cramr&Diezl972, p. 148, pl. 3l, figs. 3&4. 

Holotype: Cramer & Diez 1972, pl. 31, figs. 3 & 4. Age: Early Llanclovery. 

Baltisphaeridiwn cf. cantabricwn Cramer 1964. 

Plate 81, fig. 5. 

Holotype: Cramer 1964, pl. 4, fig. 15. Age: Ludlow-Siegenian. 

Remarks: Compare with Cramer 1964, p. 290-291, pl. 4, figs. 15-16. Specimens included here have the 

same overall dimensions, the same process number and distribution, and the same central body to 

process ratio as the holotype. However, the inner body is noticeably thicker in the specimens observed 
here. 

Baltisphaeridium distentum Playford 1977. 

Plate 163, figs. 4 & 6. 

Description: Playford 1977, p. 12-13, pl. 1, figs. 13 & 14; pl. 2, figs. 1-5. 

Holotype: Playford 1977, pl. 2, fig. 1. Age: Emsian. 

Baltisphaeridium hirsutoides (Eisenack) Eisenack 1959. 

Plate 3, figs. 1,2 & 3; pl. 14, fig. 7. 

Description: Eisenack 1951, p. 189-190, pl. 3, fig. 8. 

Holotype: Eisenack 193 1, pl. 5, fig. 19. 

Neotype: Eisenack 1951, pl. 3, fig. 8. Age: Late Ordovician. 
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Bakisphaeridium klabavense (Vavrdova) Kjellstrom 1971. 

Plate 3 1, figs. 2,3 & 6. 

Description: Vavrdova 1965, p. 353, pl. 2, fig. 1, text-fig. 1. 

Holotype: Vavrdova 1965, pl. 2, fig. 1. Age: Arenig. 

Remarks: Deunff 1977 recorded this taxon from the Llanvim aged Tachilla shales from Morocco. 

Baltisphaeridium longispinosum subsp. delicatum Tumer 1984. 

Plate 14, figs. 11 & 12. 

Description: Turner 1984, p. 99-100, pl. 6, figs. 1&7. 

Holotype: Tumer 1984, pl. 6, fig. 7. Age: Caradoc. 

Remarks: These forms with rather delicate processes commonly show evidence of mechanical damage 

in the poorly preserved material observed. 

Baltisphaeridium sp. I 

Plate 40, fig. 1. 

Description: Acanthomorphic acritarchs which have a rigid spherical central body measuring between 

29-32um in maximum diameter. There are approximately 15 evenly distributed, simple processes 

which are 15-20um in length, upto 3um wide at the base and taper distally to accuminate tips. The 

process to body ratio is approximately 1: I. S. 'ne wall is composed of a single layer. 'ne central body 

is relatively thick walled and has a granulate ornamentation. The processes are smooth. No regular 
form of opening is apparent. 

Remarks: Baltisphaerldium bulbosum Kjellstrorn 1971 is larger in size, has a smooth central body and 
has broader based processes. 
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Baltisphaeridium sp. 2. 

Plate 40, fig. 2. 

Description: Acanthomorphic acritarchs with a rigid spherical central body measuring between 20- 

23um in maximum diameter. There are approximately 15 evenly distributed simple processes. They 

are upto 30um in length, upto 3um wide at the base and they taper distally to accuminate tips. 7he 

process to body ratio is approximately 1.5: 1. Ile wall is composed of a single layer and is smooth or 

very finely granulate. No regular form of opening is apparent. 

Remarks: Baltisphaeridium sp. I differs in the Processes length to central body ratio. Processes are 
longer and the central body is smaller in Baltisphaeridium sp. 2. 

Baltisphaeridium? sp. 3. 

Plate 58, figs. 2 & 3. 

Description: Acanthomorphic acritarchs with a rigid spherical central body measuring between 35- 

50um. in maximum diameter. 17here are approximately 7-15 evenly distributed simple processes. The 

processes are upto 45um in length, upto 4um wide at the base and they taper distally to accuminate tips. 

The process to body ratio is approximately 1.2: 1. The wall appears to be composed of two wall layers. 

Ile layers are closely appressed over the central body, the outer layer forming the processes. Ilie 

central body has a granulate or rugulate ornament and the processes are smooth. No regular form of 

opening is apparent. 

Remarks: This taxon is distinguished by the relatively dark coloured, thick walled central body. The 

wall structure is similar to that of some of the Cymbosphaeridiwn species recorded at the same 

stratigraphic level in this study. However, specimens included here have simple process terminations 

in contrast to the denticulate terminations of Cýmbosphaeridium species. 

Baltisphaeridium? sp. 5. 

Plate 180, figs. 4-7. 

Description: Acanthomorphic acritarchs which have a rigid subspherical central body measuring 
between 16-30um in maximum diameter. 7bere are approximately 10-20 evenly distributed simple 

processes. The processes are upto l5um in length, upto 3um wide at the base and they taper distally to 
accuminate tips. 7be process to body ratio is approximately 1: 1.2.7be wall appears to be composed 
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of two wall layers. 7be layers are closely appreuod over the central body and the ban of the 

procatsm, the outer layer forming the process shaft and tip. 7be vesicle wall of the central body and 

the processes is smooth. 7he opening of the vesicle is by *double pylome* which forms by the loss of 

two subcircular portions of the vesicle wall which lie adjacent to each other prior to pylome formation. 

Each pylome is surmounted by a single process. 

Remarks: The distinctive 'double pylomee excystment mechanism Is the most diagnostic feature of this 

taxon. Assignment to the genus BaWsphaeridium is questioned due to the presence of this unique form 

of opening. 

BabitphatridiumlBakisphaermum sp. 

Plate 3 1, rig. 12. 

Remarks: This large form of Bahisphaeridium or Bahisphaerosum (central body 72um in diamettf) has 

plugged, granulate processes that measure at least 35um in length (the processes am all broken). Ile 

single specimen observed closely resembles Bakisphaerosum dispar Turner 19 94, however the central 
body is markedly smaller in B. dispar and the diagnostic tnedium split style of opening is not 
discen2ible. 

Genus Balt4phatrosum Turner 1994. 

Type species: Bakisphaemum diristoferi (Kjcllamm) Tumer 1994. 

Genetic description: Turner 1984, p. 101-102. 

Remarks: Babisphaeroswn Turner 1994 is distinguisW from BaUrphaeridium by having a medium 

split style of opening. Species of BaUrphaeridiurn open by means of a pylome Crurner 1984, p. 102). 

Baltisphaerasum onniewe Tumer 1994. 

Plate 31. figs. 2.3 &- 6. 

Description: Tumer 1984, p. 104-105. pl. 5, figs. 2 & S. 

Holotype: Turner 1984, pl. 5, fig. 5. Age: Caradoc. 
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Genus Buafingisphaeridium Schaarschmidt 1963 emend. Lister 1970. 

Type species: Buedingisphaeridium pennicum Schaarschmidt 1963. 

Generic description: Lister 1970, p. 59-61. 

Remarks: The genus Lophosphaeridium has an ornament of solid tubercles in contrast to the hollow 

tubercular elements of Beudingisphaeridium. Trichosphaeridiwn has an ornament of fine hair-like 

echinae. Tylotopalla may have short stumpy elements similar to those in Beudingisphaeridium but it 

differs in having additional ornament in the viscinity of the elements. 

Buedingisphaeridiwn lunatum Le Herisse 1989. 

Plate 58, fig. 7; pl. 81, fig. 4. 

Description: Le Herisse 1989, p. 87-88, pl. 5, figs. 14-15. 

Holotype: Le Herisse 1989, pl. 5, fig. 14. Age: Liandovery. 

Bue, dingisphaeridium sp. 1. 

Plate 58, fig. 6. 

Description: Subspherical acritarchs with numerous short pyramidal outgrowths. The maximum 
diameter of the body ranges between 26-35um. Ile hollow conical processes are closely spaced and 

number approximately 100. They are 3-4um high and 3-Sum wide at the bases. The process to body 

ratio is approximately 1: 9. The wall is composed of a single layer, the processes communicate freely 

with the central body. The wall is smooth to scabrate and no regular form of opening is apparent. 

Remarks: 7ýlotqpalla pyramidale (Lister) Doming 1981 appears morphologically identical from the 
description and illustration of the holotype given by Lister (1970, p. 61). However, re-examination of 
the holotype by Doming (1981) revealed that the processes of the holotype are ornamented with echinae 

which justifies his transfer of this species to Tylotopalla. 7y1otopalladeerlijAlanum (Martin) Le 

Herisse 1989 has striate ornamentation at the base of the processes. 
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Genus Caldariola Molyneux 1988. 

Type species: Caldariola glabra (Martin) Molyneux 1988. 

Generic description: Molyneux 1988, p. 57. 

Remarks: In their erection of the genus Caldariola, Molyneux & Rushton (1988, p. 56-57) discuss in 

considerable detail the complex of Lower Ordovician genera with large polar openings or pylomes, 

namely Cymatiogalea, Priscogalae, Stelliferidium and Caldariola. 7be present author follows their 

interpretation of these genera (p. 57,4th paragraph). 

Caldariola glabra (Martin) Molyneux 1988. 

Plate 3, fig. 12. 

Description: Martin 1972, p. 22, pl. 4, fig. S; pl. 5, fig. 17. 

Holotype: Martin 1972, pl. 5, fig. 17. Age: Tremadoc. 

Remarks. lle two specimens recorded here accord well with the description of the type material. 

Genus Candelasphaer0um Deunff 1978. 

Type species: Candelasphaeridiwn insolitum Deunff 1978. 

Generic description: Deunff 1978, p. 115. 

Candelasphaeridium cf. insolitum Deunff 1978. 

Plate 128, fig. 6?; pl. 149, figs. 3-6. 

Holotype: Deunff 197 8, pl. 1, fig. 11. Age: Early Gedinnian. 

Remarks: Compare with Deunff 1978, p. 115, pl. 1, figs. 8-14. Ile poorly preserved specimens of C. 

cf. insolitum that have been recorded in the present study have fewer processes than the type specimens. 
The original description states that 12-25 processes are present in this species, upto 10 processes are 

present on specimens recorded here. 
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Genus ComasphaerWum Staplin Jansonius & Pocock 1965. 

Type species: Comasphaeridium cometes (Valeasi) Staplin Jansonius & Pocock 1965. 

Generic description: Staplin, Jansonius & Pocock 1965, p. 192. 

Remarks: This genus is distinguished by the high density of solid processes on the central body. 

Comasphaeridium denseprocessum Cramer & Diez 1977. 

Plate 15, fig. 11. 

Description: Cramer& Diez 1977a, p. 346, pl. 2, figs. 10 &11. 

Holotype: Cramer & Diez 1977a, pl. 2, fig. 11. Age: Early Arenig. 

Remarks: 7be processes of this form are less in number and are broader than those of C pratulum 
Cramer & Diez 1977 and C. tonsum Cramer & Diez 1977. 

Comasphaeridium cE denseprocessum Cramer & Diez 1977. 

Plate 3 1, figs. 10 & 11. 

Holotype: Cramer & Diez 1977, pl. 2, fig. 11. Age: Early Arenig. 

Remarks: Compare with Cramer & Diez 1977, p. 346, pl. 2, figs. 10 & 11. Processes are diimer and 

more numerous in the specimens observed here than in the type material of C. denseprocessum. 

Comasphaeridium pratulum Cramer & Diez 1977 has thinner and more numerous processes than C. cf. 
denseprocessum. 

Comasphaeridium hirtum Le Herine 1989. 

Plate 58, figs. 8&9. 

Description: Le Herisse 1989, p. 89, pl. 6, figs. 8-10. 
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Holotype: Le Herisse 1989, pl. 6, fig. 10. Age: Aeronian, Liandovery. 

Remarks: Comasphaeridium caesariatum Wicander 1974, described from the Upper Devonian of 
Ohio, USA has longer procmw than L. hirtum. Filisphaeridium brevispinosum Lister 1970 is a 

comparable species in terms of the morphology of the processes and the central body. It differs in the 

number and density of processes present, processes being fewer and more sparsely distributed. 

Genus Coryphidium Vavrdova 1972. 

Type species: Coryphidium bohemicum Vavrdova 1972. 

Generic description: Vavrdova 1972. 

Coryphidium abnohadillum? Cramer & Diez 1976. 

Plate 15, fig. 7. 

Description: Cramer & Diez 1976b, p. 204, pl. 23, figs. 8& 11. 

Holotype: Cramer & Diez 1976b, pl. 23, fig. 8. Age: Late Arenig. 

Remarks: This striate form has short accuminate, spines. Preservation is rather poor and there is some 

question as to the primary form of the spines. 

Cramer & Diez 1976b illustrated and compared the 9 species of Coryphidium published to that date. 

Similar species with surface striations are C. elegans Cramer et al. 1974, C. miladum Cramer & Diez 

1976 and C bohemicum Vavrdova 1972. Coryphidium elegans differs by having longer processes, C. 

miladum has processes with wide bases and capitate tips and C bohemicum has short, stout, branching 

processes. 

Coryphidium elegans Cramer et al. 1974. 

Plate 3 1, figs. 4 & S. 

Description: Craxner et al. 1974, p. 184, pI. 27, figs 12-19. 
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Holotype: Cramer et al. 1974, pl. 27, fig. 16. Age: Late Arenig-Early Lianvim. 

Remarks: Similar species with surface striations are C abnohadilla Cramer & Diez 1976, C. miladum 
Cramer & Diez 1976 and C bohemicum Vavrdova 1972. The former two species have shorter more 

stout processes and the latter has processes with wide bases and capitate tips. 

Coryphidium rarniferum? Cmmer & Diez 1976. 

Plate 15, fig. 8. 

Description: Cramer & Diez 1976, p. 206, pl. 23, figs. 16 & 24. 

Holotype: Cramer & Diez 1976, pl. 23, fig. 16. Age: Early Arenig. 

Remarks: The poorly preserved specimens recorded bere are questionably assigned to this species. 

Co? yphidium cf. tadlum Cramer & Diez 1976. 

Plate 15, figs. 1-6. 

Holotype: Cramer & Diez 1976b, pl. 23, fig. 4. Age: Late Arenig. 

Remarks: Compare with Cramer & Diez 1976b, p. 206, pl. 23, figs. 3,4,15,18 & 19. Specimens 

observed here differ slightly from C radlum in the nature of the process terminations. Process tips 

here tend to be accuminate rather than club-like as in the type material. Coryphidium elegans has a 

similar body shape and process shape but has striations on the central body. 

Genus Cmssiangulina Jardine et al. 1972. 

Type species: Crassiangulina tesselita Jardine et al. 1972. 

Generic description: Jardine et al. 1972, p. 295. 

Remarks: The genus crassiangulina is, to date, monospecific, the single species, C tesselita, having a 

rather broad range of morphology. 
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Crassiangulina tesselita Jardine et al. 1972. 

Plate 180, fig. 9; pl. 187, figs. l. &2; pl. 191, fig. l. 

Description: Jardine ef al. 1972, p. 295-296, pl. 1, figs. I&2. 

Holotype: Jardine et al. 1972, pl. 1, figs. 1. Age: Late Devonian. 

Remarks: This species has a simple but distinctive morphology. It has a polygonal vesicle with 
between three and upto as many as eight 'reinforced' angles. The angles are reinforced by thickenings 

of the vesicle wall. 

Genus Craterisphaerklium Deunff 1981. 

Type species: Craterisphaeridium sprucegrovense (Staplin) emend. Turner 1986. 

Generic description: Deunff 1981, p. 67. 

Remarks: Crateyisphaerldium inuncans Deunff 1981 was stated as the type species for the genus by 

Deunff (1981). However, this species is considered to be ajunior synonym of C sprucegrovense 

which is now the correct name for the type. 

Species assigned to this genus are acanthomorphic forms with branched processes. These forms have 

craters present in the wall of the central body forming a foveolate ornamentation. A very similar genus 

morphologically is Hapsidiopalla Playford 1977 emend. Wicander & Wood 1981 which differs in 

possessing a reticulate, as opposed to a foveolate, ornamentation on the vesicle wall. 

Craterisphaeridiwn sprucegrovense (Staplin) emend. Tumer 1986. 

Plate 153, figs. 4-7; pl. 163, figs. 7,8 & 9; pl. 164, fig. 1; pl. 172, figs. 7-10; pl. 187, figs. 4 & 5; 

pl. 191, figs. 2-5 

Description: Turner 1986, p. 602-606. 

Holotype: Staplin 1961, pl. 49, fig. 6. Age: Late Devonian. 

Remarks: The de-screte pitting of the vesicle wall is only apparent under high magnification when 
observed using light microscopy. 7his species is closely similar to some species of Hapsidiopalla, e. g. 
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H. chela Wicander & Wood 1981 and H. invenusta Wicander & Wood 1981 but differs in the presence 

of a foveolate rather than reticulate vesicle wall. 

Genus CrystalUnium Vanguestaine 1978 ex Fensorne el al. 1990. 

Type species: Oystallinium oWlknse (Cramer & Diez) Fensome et al. 1990. 

Generic description: Vanguestaine, 1978, p. 270. 

Remarks: Fensome et al. (1990) validated the genus by designating a validly published species as the 

type. By designating the invalid species Dicryotidium cambriense as the type species of the genus 
Crystallinium, Vanguestaine had not fulfilled this obligation. 

Crystallinium oWlIense (Cramer & Diez) Fensome et al. 1990. 

Plate 3, figs. 4,5 & 6. 

Description: Cramer & Diez 1972a, p. 44, pl. 2, figs. 4,7 & 10. 

Holotype: Cramer & Diez 1972a, pl. 2, fig. 4. Age: Middle Cambrian. 

Genus Cymatiogaka Deunff 1961 emend. Deunff 1964. 

Type species: Cymatiogalea margaritata Deunff 196 1. 

Generic description: Deunff 196 1 a, p. 41-42; Deunff 1964a, p. 12 1. 

Remarks: The interpretation of this genus by Molyneux & Rushton (1988, p. 56-57) is accepted here. 

Cymatiogalea deunffii Jardine et al. 1974. 

plate 3, figs. 7-10; pl. 16, fig. 4? 

Description: Jardine et al. 1974, p. 123, pl. 1, figs. 7 & 8; for an English translation see Eisenack, 

Cramer & Diez 1979, p. 97. 
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Holotype: Jardine et al. 1974, pl. 1, fig. 7. Age: Arenig. 

Cymatiogalea cf. deuniffli Jardine et al. 1974. 

plate 3, fig. 11. 

Remarks: Compare with Jardine et al. 1974, p. 123, pl. 1, figs. 7 & 8. Specimens included here have 

grana and echinae ornamenting the membranous outer wall layer. 

The specimens observed differ from C deunffii in having minor sculptural elements developed on the 

outer wall layer. 

Cymatiogalea cE margaritata Deunff 1961. 

Plate 4, figs. I&2. 

Holotype: Deunff 1961a, p. 42, pl. 1, fig. l. Age: Tremadoc. 

Remarks: Compared with Deunff 1961a, p. 42, pl. 1, fig. 1. Ile specimens observed here have slightly 

thinner and slightly longer processes than the holotype. 

Cymatiogaka bellicosa Deunff 1961 has thicker, more sturdy processes which are fewer in number 

than in C. cf. margaritata. 

Cymatiogalea messaoudii Jardine et al. 1974. 

Description: Jardine et aL 1974, p. 123, pl. 2, figs. 5&6; for an English translation see Eisenack, 

Cramer & Diez 1979, p. 105. 

Holotype: Jardine et al. 1974, pl. 2, fig. 5. Age: Tremadoc. 

Remarks: Within this species, two morphological varieties have been Tecognised: 
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Cymatiogalea messaoudii var. A. 

Plate 4, figs. 3 & 4; pl. 15, figs. 12 & 13. 

Remarks: Included here are atypical forms with very elaborate and densely packed processes with 

fenestrate terminations. 

Cymatiogalea messaoudil var. B. 

Plate 4, figs. 5-8. 

Remarks: Included here are forms closely resembling the holotype of the species with fewer and 

relatively simple processes compared to var. A. 

Cymatiogaka multarea (Deunff) Eisenack, Cramer & Diez 1973. 

Plate 16, fig. 1. 

Description: Deunff 1961a, p. 41, pl. 1, fig. 5; for an English translation see Eisenack, Cramer& Diez 

1973, p. 229. 

HoloqW: Deunff 1961a, pl. 1, fig. 5. Age: Tremadoc. 

Cymatiogalea velifera (Downie) Martin 1969. 

Plate 16, figs. 2 & 3. 

Description: Downie 1958, p. 340, pl. 17, fig. 2; Martin 1969 p. 133. 

Holotype: Downie 1958, pl. 17, fig. 2. Age: Treraadoc. 

Remarks: Only seven specimens are recorded here, all are poorly preserved. However, they do appear 

to have the characteristic bifurcating and trifurcating process tips and the vela between processes that 

are characteristic of this species. 
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Cymatiogalea sp. 1. 

plate 4, figs. 9-13. 

Synonomy: 1988, Cymatiogaka messaoudii, Molyneux & Rushton, pl. 5, fig. c. 
1989, Cymatiogaka messaoudii, Mette, pl. 3, figs. 13-16. 

Description: Polygonal acritarchs with a complex double wall layered structure. 7be inner body is 

subspherical in shape, relatively thick walled and smooth. It has a maximum diameter of 28-35um. 7lie 

outer wall layer is relatively thin and is 'pinched up' into elaborately ornamented linear crests. 7be 

crests are 7-10um in height and have short furcating processes at their apices, these being an additional 
2-7um in height. 7be crests are arranged into polygons dividing the vesicle into fields. 7be intracrest 

areas are smooth. 7be vesicle opens by means of a pylome. 

Remarks: This species shows minor variation in the height of the crests and the processes ornamenting 

the crests. The variation is considered insufficient tojustify the proposal of any varieties within this 

species. 

Comparable species include C messaoudii and C gorkae Raucher 1974. The former has a similar 

structure to the outer wall layer but the field boundaries are defined by prominent processes composed 

of the outer wall with low crests draped between them. In contrast, Cýmatiogalea sp. I has fields 

defined by crests with minor processes ornamenting the crest apices. Cymadogalea gorkae appears to 

have delicate processes ornamenting the field boundaries as in Cýmatiogalea sp. 1 but differs in that the 

processes support an outer membranous network. 

Cymatiogalea? sp. 

Plate 16, figs. 5-8. 

Remarks: Five specimens of this taxon have been recorded from sample DW 294. Specimens are small 
(less than 35um in central body diameter), possess the characteristic pylome of Cymatiogalea species 

and have slender processes with branched terminations. The processes are approximately 10um long, 

lum wide and branch distally upto the second order. 

ornamentation of the central body is not apparent on the dark specimens recorded, hence their 

questioned assignment to the genus Cymatiogalea. Lighter coloured. specimens may reveal & 
Stelliferidium type ornamentation. Unfortunately no material for further oxidation of sample DW 294 

remains. 

63 



Genus Cymbosphaeridium Lister 1970. 

Type species: Cymbosphaeridium bikidiwn Lister 1970. 

Generic description: Lister 1970, p. 63. 

Remarks: This genus includes acanthomorphic acritarch species with two wall layers. The wall layers 

are closely appressed on the central body, giving it a relatively dark coloration. The outer layer form 

the hollow tubiform processes which are relatively light in colour. 7be process terminations are 
denticulate. A common feature is the presence of a pylome, the operculum of which possesses a single 
or several process. 

Cýmbosphaeridiwn bikidium Lister 1970. 

Plate 81, figs. 8-12. 

Description: Lister 1970, p. 64-65, pl. 6, figs. 1-9, text-figs. lga-c, f, k, 21. 

Holotype: Lister 1970, pl. 6, fig. 1. Age: Ludlow. 

Remarks: The central body of this species is smooth. Cyrnbosphaeridium pilar var. pilar Cramer 1964 

has a coarsely granular body with the grana adjacent to each other. Cyinbosphaeridiwn pilar var. 

scabrawn Cramer 1970 also has a granular body, the grana being more widely spaced in this variety of 
the species. Cymbosphaeridium pilar var. 1 (herein) has a faintly granular body and is larger in size 

than Cymbosphaeridium biAldium. 

Cymbosphaeridium cariniosum (Cramer) Jardine et al. 1972. 

Plate 82, figs. 1-5. 

Description: Cramer 1964, p. 284, pl. 1, fig. 13, text-fig. 14, nos. 7 & 8. 

Holotype: Cmmer 1964, pl. 1, fig. 13. Age: Ludlow. 

Remarks: This species is included in the genus Cymbosphaeridiwn here on the basis of its wall 
structure, the species having a double wall layer, the outer layer forming the processes, and also 
because it possesses a pylome. The species is distinct from other species in the genus in possessing a 
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greater number of processes. The processes are also much shorter than in the other C5vnbosphaeridium 

species. 

Cymbosphaeridium pilar Cmmer 1964. 

Description: Cramer 1964, p. 286, pl. 1, figs. I&2, text-fig. 14, no. 1. 

Holotype: Cramer 1964, pl. 1, fig. 1. Age: Ludlow. 

Remarks: Cýmbosphaeridiwn gueltaense Jardine et al. 1974 is described as being almost identical to 
C. pilar, differing only in lacking a pylome, a diagnostic characteristic of C. pilar. Jardine et al. 
(1974) had probably observed unexcysted specimens of C pilar which they described as C gueltaense. 
Cymbosphaeridiwn gueltaense is probably therefore a junior synonym of C pilar. 

Two published varieties of C pilar have been recorded in the present study. 

Cymbosphaerldium pilar var. pilar Cramer 1964. 

Plate 114, fig. 2; pl. 120, figs. 5,6 & 7; pl. 121, figs. 1-4; pl. 128. fig. 3?, 4&5; pl. 137, figs. 2-5 & 7; 

pl. 149, fig. 2. 

Description: Cramer 1964, p. 286, pl. 1, figs. 1&2, text-fig. 14, no. 1. 

Holotype: Cramer 1964, pl. 1, fig. 1. Age: Ludlow. 

Remarks: This variety of C. pilar is distinguished by the presence of coarse, closely spaced or adjacent 

grana on the central vesicle. Cymbosphaeridium pilar var. scabratum has more widely spaced grana. 
Cymbosphaeridium bikidium has a smooth central body. 

C"ymbosphaeridium pilar var. scabratwn Cramer 1970. 

Plate 82, fig. 6; pl. 104, figs. 6? & 7?; pl. 128, fig. 2? 

Description: Cramer 1970, p. 167, pl. 18, fig. 252-255, text-fig. 52L 

Holotype: Cramer 1970, pl. 18, fig. 252. Age: Silurian. 
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Remarks: This variety of C. pilar is distinguished by the presence of widely spaced grana on the 

central body. Cymbosphaeridium pilar var. pilar has closely spaced, coarse grana. Cymbosphaeridium 
bikidium has a smooth central body. 

Cymbosphaeridium pilar var. 1. 

Plate 82, figs. 7 & 8. 

Remarks: This variety of Cymbosphaeridiwn pilar is distinguished by its large size, central body less 

than 45um in diameter, and the faintly granular body wall. Cymbosphaeridium cf. raVUM is similarly 
large in size but differs by having a coarsely scabrate central body wall. 

Cýmbosphaeridium cf. ravum (Downie) Doming 1981. 

Plate 59, figs. 1,3 & 5. 

Holotype: Downie 1963, pl. 91, fig. 6. Age: Wenlock. 

Remarks: Compare with Downie 1963, p. 643, pl. 91, fig. 6, text-fig. 3c. Specimens observed here fall 

within the upper part of the size range given for the species by Downie. The texture of the wall of the 

central body appears to be more coarsely scabrate in the specimens observed here than on the holotype. 

This could be due to the poor preservation of the present material. 

Cýmbosphaeridium sp. 1. 

Plate 104, figs. 8-11. 

Description: Acanthomorphic acritarchs which have a spherical central body measuring between 34- 

45um in maximum diameter. Ilere are approximately 40 evenly distributed processes, measuring 8- 

Bum in length and upto 5um wide at the base, which branch distally in a ramusculose man er. The 

process length to body diameter ratio is approximately 1: 4. The wall is composed of two layers that 

are closely appressed over the central body which gives the central body a relatively dark coloration. 
The processes are composed of the outer wall layer only and are consequently relatively light in colour. 
The central body wall is thick (> lum) and has a granulate ornamentation. The processes are smooth. 
opening of the vesicle is by a pylome. 
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Remarks: Specimens included here have the same wall structure, the same number and distribution of 

processes and are of similar dimensions to C cariniosum. However, the processes shafts are thicker 

and the process terminations branch in a more complex manner in the specimens included here. Dispite 

the poor preservation, surface ornament is apparent on some specimens which appears to be granulate. 

Genus Dactylofusa Brito & Santos 1965b emend. Cramer 1970. 

Type species: Dactylqfusa maranhensis Brito & Santos 1965b. 

Generic description: Brito & Santos 1965b, p. 12 & 20; Cramer 1970, p. 79 & 80. 

Remarks: EupoiWofusa Cramer 1970 is considered to be a junior synonym of Dactylojiua, for 

arguments see Fensome el aL 1990, p. 179,213 & 214. 

Dactylqfusa ctenista (Loeblich & Tappan) Fensome et al. 1990. 

Plate 41, figs. 5 & 6. 

Synonomy: 1988, EupoiAllofiisa striata, Elaouad-Debbaj, pl. 2, figs. 1-6. 

Description: Loeblich & Tappan 1978, p. 1263, pl. 8, figs. 8-9. 

Holotype: LA)eblich & Tappan 1978, pl. 8, figs. 8-9. Age: Ashgill. 

Remarks: Specimens recorded here are slightly smaller (132-17lum in length) than in the type material 

(170-193um). The species is distinguished by the slender fusiform vesicle with accuminate poles and 

the longitudinal ribs that are restricted to the central region of the vesicle. Comparable species include 

D. anolata (Loeblich & Tappan) Fensome et al. 1990, which has a more dense ornamentation, D. 

platynetrella (Loeblich & Tappan) Fensome et al. 1990 which has a broader central vesicle, D. squaina 

(Deunfo Fensome et al. 1990 which has very feint longitudinal ridges and A striata (Staplin, 

Jansonius & Pocock) Fensome et al. 1990 which has a more squat vesicle shape with less pointed poles. 

Dactylofusa striatirera (Cramer) Fensome et al. 1990. 

Plate 121, fig 5? 

Description: Cramer 1964, p. 35-36, pl. 2, figs. 9 & 13. 

67 



Holotype: Cramer 1964, pl. 2, fig. 9. Age: Early Gedinnian. 

Remarks: Poorly preserved specimens of D. striatifera are included here. 

Dactylqfusa striatifera var. striatifera (Cmmer) Fensome et al. 1990. 

Plate 85, figs. 9,10 & 11; pl. 128, figs. 8&9. 

Description: Crmner 1964, p. 35-36, pl. 2, figs-9 & 13. 

Holotype: Cramer 1964, pl. 2, fig. 9. Age: Early Gedinnian. 

Remarks: Dactylqfwa stfiatifera var. stericula (Cramer & Diez) Fensome et al. 1990 differs from D. 

striatifera var. striatifera in having a broader fusiform vesicle with a greater number of longitudinal 

striations. 

Genus DaUlydium Stockmans & Williere 1969. 

Type species: Daillydium pentaster (Staplin) Playford in Playford & Dring 19 8 1. 

Generic description: Stockmans & Williere 1969, p. 33. 

Remarks: The type species for the genus designated by Stockmans & Williere (1969), A 

quadradactylites, is considered to be a junior synonym of D. pentaster (according to Playford in 

Playford. & Dring 1981). For this reason, D. pentaster is now the correct name for the type species of 
Daillydium. However, the nomenclatural type of the genus remains the holotype of D. 

quadradactylites. 

DallWium pentaster (Staplin) Playford in Playford & Dring 198 1. 

Plate 173, figs. 2 & 3; pl. 180, figs. 10 & 13; pl. 191, fig. 6. 

Description: Staplin 1961, p. 416, pl. 49, fig. 18. 

Holotype: Staplin 196 1, pl. 49, fig. 18. Age: Late Devonian. 
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Remarks: As mentioned above, D. quadradactylites is considered to be a junior synonym of D. 

pentaster. The only other species of Daillydium published to-date, D. foveolatum Deunff 198 1, differs 

in possessing an ornament foveolae on the wall of the inner body. 

Genus DaisypUula Loeblich & Wicander 1976. 

Type species: DaLs)pilula compacta Loeblich & Wicander 1976. 

Generic description: Loeblich & Wicander 1976, p. 26. 

Remarks: This genus is distinguished by the presence of a subspherical central body with a cover of 

matted solid processes of varying length. A similar genus is Caminella Cramer 1968 which differs in 

possessing a cylindrical outer membrane which encloses the processes. 

Dais)pilula compacta Loeblich & Wicander 1976. 

Plate 137, fig. 11. 

Description: Loeblich & Wicjmder 1976, p. 10, pl. 3, fig. 1. 

Holotype: Loeblich & Wicander 1976, pl. 3, fig. 1. Age: lAte Gedinnian. 

Remarks: The only other species described in the genus Daisypilula to-date, D. storea Wicander & 

Loeblich 1977, differs in having a much smaller vesicle diameter and mat width and having a much 

thhmer vesicle wall. 

Genus Dateriocradus Tappan & Loeblich 1971. 

Type species: Dateriocradus monterossae (Cmmer) Pothe de Baldis 1981. 

Generic description: Tappan & Loeblich 1971, p. 394. 

Remarks: Dateriocradus pot4actylus Tappan & LA)eblich 1971 was initially stated as the type species 

for the genus. However, this species is considered to be a junior synonym of D. monterossae (see 

Eisenack, Cramer & Diez 1976, p. 185). Thus, A monterossae is the correct name for the type species 

of Datefiocradus but the nomenclatural type of the genus remains the holotype of D. Powacrylus, i. e. 

Tappan & Loeblich 197 1, pl. 5, fig. 1. 
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The genus Daterlocradus includes species with a three sided, slightly inflated central body with 
processes at the apices. lle processes branch distally to a minimum of the second order and commonly 
in a ramusculose fashion. The genus Frankea has a similar shape to the central body and the same 
distribution of processes but differs in that the processes branch in a palmate manner. Oppilatala 

differs by having a rounded-subrounded central body. 

Dateriocradus lindus (Cramer & Diez) comb. nov. 

Plate 128, figs. 7,10 & 11. 

Synonomy: 1976, Mukiplicisphaeridiwn lindum, Cmmer & Diez, p. 85, pl. 1, figs. 4,6 & 8, not 
1-3, pl. 2, fig. 11. 

Description: Cramer &Diez 1976, p. 85, pl. 1, figs. 4,6 & 8, not 1-3, pl. 2, fig. 11. 

Holotype: Cramer & Diez 1976, pl. 1, fig. 6. Age: Emsian. 

Remarks: 7be illustrations of the type specimens given by Cramer & Diez (1976) shows two 

morphotyrpes within their taxon. 7be holotype and three of the additional specimens illustrated ( pl. 1, 

figs. 4,6 & 8, pl. 2, fig. 11) have a three-sided vesicle with three processes present positioned at the 

apices of the vesicle. A fourth process may be present. The distal terminations of the processes are 

ramusculose. The other group (pl. 1, figs. 1-3) have a subspherical central body with more numerous 

processes. 7be former group of morphotypes, which include the holotype, are better accommodated in 

the genus Dateriocradus than Multiplicisphaeridium due to the morphology of the vesicle and the 

distribution of processes. 

Dateriocradus monterossae (Cramer) Pothe de Baldis 198 1. 

Plate 72, figs. 6&7. 

Description: Cramer 1969, p. 490, pl. 70, figs. 5-7, text-fig. 10f. 

Holotype: Cramer 1969, pl. 70, fig. 5. Age: Late Uandovery. 

Remarks: Dateriocradus pot4acrylus Tappan & Loeblich 1971 is considered to be a junior synonym 
of D. monterossae (Eisenack Cramer & Diez 1976, p. 185). Morphologically similar species in terms 

of wall structure and process form are Oppikaala eoplanktonica (Eisenack) Doming 1981 and 0. 

70 



rwnusculosa (Deflandre) Doming 198 1. They both differ from D. monterossae in the distribution of 
processes. Processes are positioned at the apices of the subtriangular central body in D. monterossae in 

contrast with the more random distribution of processes in the OPPilatala species. A useful pictorial 
comparison of D. monterossae and some morphologically similar species is given by Cramer 1970, 

p. 125, text-fig. 39. Dateriocradus tenuatum (Burmann) has more polygonal central body than A 

monterossae. 

Dateyiocradus tenuatum (Burmann) Comb. nov. 

Plate 32, fig. 1. 

Synonomy: 1970, Vogilandia tenuatum, Burmann p. 293, pl. 3, fig. 3; pl. 4, fig. 2.1976, 
Multiplicisphaeridium tenuatum, Eisenack, Cmmer & Diez, p. 485-486. 

Description: Burmann 1970, p. 293, pl. 3, fig. 3; pl. 4, fig. 2; for an English translation see Eisenack, 
Cramer & Diez 1976, p. 285-286. 

Holotype: Burmann 1970, pl. 3, fig. 3. Age: Ute Arenig- Early Llanvirn. 

Remarks: This species is transferred to the Genus Dateriocradus as it possesses a three sided central 
body and has processes positioned at the apices of the body which branch distally in a ramusculose 

manner. 

This species is similar in body shape and process distribution to species of Frankea. However, species 

of Frankea differs by having palmate pinnae at the process terminations, Dateriocradus monterossae 
has deeper furcation of the distal part of the processes. 

Genus Deflandrostrum Combaz 1962. 

Type species: Deflandrastrum millepiedi Combaz 1962. 

Generic description: Combaz 1962, p. 1977. 

Remarks: The species included here are forms composed of four cells that are positioned about a 
circular or quadrate central lumen. Each elongated triangular cell is joined to two adjacent cells at the 
basal apices. This acritarch genus is comparable with the chlorophyte genus Pediastrum, however it 
differs in the number and arrangement of cells. 
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Deflandrastrum millepiedi? Combaz 1962. 

Plate 82, fig. 9. 

Description: Combaz 1962, p. 1977-1978, fig. 1. 

Holotype: Combaz 1962, fig. 1. Age: Silurian. 

Remarks: The single specimen recorded is poorly preserved. Ile radial spines are damaged, hence the 

questioned assignation to the species. 

Deflandrastrum authierae Combaz 1962 has a more elongate form to the triangular cells than D. 

millepiedi. Deflandrastrwn speciosum Deflandre 1967 has a much larger central lumen than the other 

species in the genus. 

Genus Demorhethium Loeblich & Wicander 1974. 

Type species: Demorhethium lappaceum Loeblich & Wicander 1974. 

Generic description: Loeblich & Wicander 1974, p. 708. 

Remarks: This genus is quite distinct from any other by way of the short, distally open processes with 

denticulate terminations. Demorhethium is, at present, a monospecific genus. 

Demorhethium cf. lappacewn Loeblich & Wicander 1974. 

Plate 137, figs. 6,8 & 11. 

Holotype: Loeblich & Wicander 1974, fig. 2. Age: Late Gedinnian. 

Remarks: Compare with Loeblich & Wicander 1974, p. 708-71 1, figs. 1-6. Specimens recorded here 

are closely similar to the illustrations of the type material given by Loeblich & Wicander 1974. 

However, there are more than the stipulated number of processes for the species present on the 

specimens here. Processes number eight or more here compared to five to seven processes on the type 

specimens. In addition, the ornament of baculae is less prominent on the present specimens. 
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Genus Dicrodiacrodium Burmann 1968. 

Type species: Dicrodiacradium ancorifonne Burmann 1968 

Generic description: Burmann 1968, p. 643; for English translation see Eisenack Cramer & Diez 1979, 

p. 203. 

Remarks: The genus Arbusculidium is comparable to Dicrodiacrodium. Both genera include species 

with filamentous processes at one pole of the elongated vesicle. However, the opposite pole to that 

possessing the filamentous elements in Dicrodiacrodiwn species possesses a single process with a 
furcate distal termination in contrast with the several simple processes at the opposite pole in 

Arbusculidium species. 

Dicrodiacrodium ancoriforyne var. minutum Burmann 1968. 

Plate 16, figs. 11 & 12; pl. 32, fig. 2. 

Description: Burmann 1968, p. 644, pl. 5, fig. 5; for an English translation see Eisenack Cramer & Diez 

1979, p. 207. 

Holotype: Burmann 1968, pl. 5, fig. S. Age: Late Llanvim. 

Remarks: This form is distinguished by the relatively broad, ribbed central body, the single 'apical' 

process, the flattened 'antapex' with the fine anastomosing mesh and its relatively small size. 7be 

papical' process is broken in all the specimens observed. 

Of the five species of Dicrodiacrodium published to date, two have a single lapical' process, namely D. 

ancoriforme and D. normak Burmann 1968. From the original descriptions and illustrations of these 

two species, they would appear to be synonymous. 

Genus Dictyotidium Eisenack 1955 emend. Staplin 1961. 

Type species: Dictyotidium dlayotum (Eisenack) Eisenack 1955. 

Generic description: Eisenack 1955, p. 179; Staplin 196 1, p. 417. 

Remarks: The prasinophyte genus Cymatiosphaera Wetzel 1933 cr Deflandre 1954 differs from 

Dictyotidium in possessing membranous outgrowths from the vesicle that divide it into polygonal 

73 



fields. In Diaptidium the field dividers are non-membranous ridges. Alveosphaera Kiryanov 1978 

differs from Diayoddium by having a very thick, double wall layered vesicle with very small polygonal 

fields. 

Diaptidiwn cf. arctum Kiryanov 1978. 

Plate 59, fig. 6. 

Holotype: Kiryanov 1978, pl. 4, fig. 7. Age: lAte Llandovery. 

Remarks: Compare with Kiryanov 1978, p. 39, pl. 4, figs. 6,7 & 9. Specimens assigned here differ 

from the type material of this species in size only. The specimens observed are 39-40um in diameter, 

the type material ranges between 18-30um in diameter. Diciyotidium dicryotum differs in having a 

diameter of 60-100um. Dicryotidium stenodictyum Eisenack 1965 is also larger in size and has a 

greater number of small fields on the vesicle. 

Dictyotidium coarclatum (Kiryanov) Colbath 1983. 

Plate60, fig. 4; pl. 72, figs. 4&5; pl. 82, figs. 10&11; pl. 105, figs. 1,2&3; pl. 137, fig-10. 

Description: Kiryanov 1978, p. 24-25, pl. 7, figs. I&4; emend. Colbath 1983, p. 257-258. 

Holotype: Kiryanov 1978, pl. 7, figs. 4. Age: Late Silurian. 

Remarks: Colbath's emended description of the species broadened the size dimensions from 58-64urn 

(Kiryanov 1978, p. 24) to 25-70um (Colbath 1983, p. 257). A broad range of specimens in terms of size 

has consequently been accommodated in this species. The fields on the vesicle in the species D. 

arclum, D. dictyotum and D. stenodicryum Eisenack 1965 are broader than on D. coarctatum. 

Dictyotidium dictyotum (Eisenack) Eisenack 1955. 

Plate59, figs. 2&4; pl. 83, figs. 2&4; pl. 105, figs. 4&6; pl. 114, fig. 3; pi. 138, fig. 2? 

Description: Eisenack 1938, p. 27-28, pl. 3, figs. 8a-c. 

Holotype: Eisenack 1938, pl. 3, fig-8a (lost according to Kiryanov [1978, p. 40-411 and Eisenack, 

Cramer & Diez [1979, p. 162]). Age: Silurian. 
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Remarks: Specimens assigned accord well with the description and illustration of the type material. 

Dictyotidium stenodictyum Eisenack 1965 

Plate 60, figs. 3 & 6; pl. 72, fig. 8; pl. 121, fig. 8. 

Description: Eisenack 1965, p. 264, pl. 22, figs. 2-3. 

Holotype: Eisenack 1965, pl. 22, fig. 2. Age: Llandovery. 

Remarks: Tbe fields on the vesicle of D. stenodictyum are smaller than on D. dicryota and A arclum. 
7be greater numbers of ridges dividing the fields gives the vesicle a rigid structure. 7bere are 
thickenings of the wall at the triple junctions of the ridges. 

Dicryoddium sp. 1. 

Plate 60, figs. 1,5 & 7. 

Description: A species of Dictyotidium with a thick vesicle wall. The vesicle measures 55-80um in 

maximum diameter and the wall is 4-9um, wide. The vesicle surface is reticulate with the vesicle 

surface divided into many hundreds of polygonal fields. The fields measure between 2-5um. across. 
The ridges dividing the fields are less than Im high and less than Im wide. The thick vesicle wall 

makes for a rigid structure, however, broad thick fold are present. No regular form of opening is 

apparent. 

Remarks: This species has similarly small fields on the vesicle to A coarctatum but can be 

distinguished by the thick vesicle wall. Alveosphaera locellata Kiryanov 1978 has a similarly thick 

vesicle wall and a similar vesicle diameter to Dicryotidium sp. I but differs in possessing broader, more 

rigid muri dividing more regular polygonal fields on the vesicle. 

Dictyotidiwn sp. 2. 

Plate 60, fig. 2; pl. 83, figs. l. & 3; pl. 105, fig. 8; PI-114, fig. 5; pl. 138, fig. l. 

Description: A species of Dictyotidium with a thick vesicle wall. 7be vesicle measures 100-160um in 
maximum diameter and the wall is approximately lum thick. 7be vesicle surface is reticulate with the 
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vesicle surface divided into polygonal fields. The fields measure between 8-18um across. 'me ridges 
dividing the fields are less than 2um high and less than 2um wide. The wall may be markedly 
thickened at the triple junctions of the ridges. No regular form of opening is apparent. 

Remarks: This taxon differs from D. dictyotwn in the diameter of the vesicle. Specimens included 
here are between 100-160um in maximum diameter which is greater than the sizes given in the 
diagnosis of D. dictyotum (60-100um) by Eisenack. Gonal thickenings of the vesicle wall are another 
notable feature of Dictytidium sp. 2. 

Genus DiexaUophasis Loeblich 1970. 

Type species: Dierallophasis denticulata (Stockmans & Williere) Loeblich 1970. 

Generic description: Loeblich 1970,1970a, p. 714. 

Remarks: Ile contention that the type species, A denticulata, is a junior synonym of D. remotum 
(Deunff) Playford 1977, (Playford 1977, p. 19; upheld by Fensome et al. 1990, p. 197-19 8) is rejected 
here as the polygonal shape of the central body of the latter is distinguishable from the more rounded 
central body of the former. 

This group of acritarchs represents a good example of a morphological continuum of forms. The 

morphological continuity, in process length and branching, sphericity of the central body and the 
degree of ornamentation has resulted in a complex of species and subspecies, of essentially the same 

morphotype being published. In the interest of practicability, the present author considers there to be 

two dominant species in the genus Diexallophasis; D. denticulata in which the central body is rounded 
to subrounded and D. reinota in which the central body is polygonal. Variations within these species 

are considered to be at the subspecies or variety rank. 

The genus Evittia includes very similar morphotypes in terms of general outline, process shape and 
ornamentation, but differs by including forms with flattened veryhachid type bodies rather than the 

central body being inflated. I'his differentiation is rather unsatisfactory as compression can be very 

misleading. Species of Evittia are very similar in form to the species Diexallophasis remota. 

The genus Estiastra includes species in which the processes are cone shaped, the processes merging 
proximally, as in the genus Goniosphaeridium. Adjacent processes merge to form sharp angles 
between each other and no distinct central body apparent. 
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Dlexallophasis denticulata (Stockmans & Williere) Loeblich 1970. 

Plate 61, figs. 4-7; pl. 72, fig. 9; pl. 83, fig. 5; pl. 84, fig. 1; pl. 105, figs. 5,7 & 9; pl. 121, figs. 9 & 

10; pl. 129, figs. 1 & 2; pl. 138, figs. 3 & 5-9; pl. 149, figs. 7 & 8; pl. 153, figs. 8 & 107 

Synonomy: 1963, Ve? Aachium denticulata, Stockmans & Williere, p. 458, pl. 1, fig. 4, text- 
fig. 13. 

1973, Mukiplicisphaeridium denticulatwn, Eisenack Cramer & Diez, p. 587-591. 

Description: Stockmans & Williere 1963, p. 458, pl. 1, fig. 4, text-fig. 13. 

Holotype: Stockmans & Williere 1963, pl. 1, fig. 4- Age: Silurian. 

Remarks: Included here are specimens of Diewallophasis with a rounded central body. Specimens not 

assigned to a variety of this species are either too poorly preserved or of too few numbers to warrant 

subdivision at the subspecies level. 

Dierallophasis denticulata var. gotlandica (Cramer) Comb. nov. 

Plate 40, figs. II& 12. 

Synonomy: 1970, Diexallophasisgotlandica, Cramer, p. 138-140, pl. 10, fig. 151, pl. 20, fig. 302; 

text-fig. 43b. 

Description: Cramer 1970, p. 138-140, pl. 10, fig. 151, pl. 20, fig. 302; text-fig. 43b. 

Holotype: Cramer 1970, pl. 19, fig. 151. Age: Silurian. 

Remarks: This variety is characterised by the spherical central body, the relatively simple processes 

with shallow furcations and a relatively low denticulate ornament. 

Diexallophasis denticulata var. granulatispinosa (Downie) Comb. nov. 

Plate 6 1, figs. 1,2 & 3. 

Synonomy: 1963, Baltisphaeridium granulatispinoswn, Downie, p. 640-641, pl. 9 1, figs. I&7, 
text-fig. 3c. 
1970, EWttia granulatispinosa, Lister, p. 67. 
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1973, Multiplicisphaeridium granulatispinosum, Eisenack Cramer & Diez, p. 643. 

Description: Downie 1963, p. 640-641, pl. 91, figs. 1 & 7, text-fig. 3c. 

Holotype: Downie 1963, pl. 91, figs. I. Age: Wenlock. 

Remarks: This new combination is proposed to accommodate a variety of A denticulata specimens 
that appear to be restricted stratigraphically to the late Liandovery-early Wenlock in the samples 

studied. Ile specimens observed are almost identical in morphology to the holotype of this taxon. 

Die-zallophasis denticulata var. figida (Cramer) Comb. nov. 

Plate 83, fig. 6. 

Synonomy: 1966, Dicrallophasis remota forma rigida, Cramer, p. 36-37, pl. 3, figs. 6-8. 

Description: Cramer 1966, p. 36-37, pl. 3, figs. 6-8. 

Holotype: Cramer 1966, pl. 3, fig. 7. Age: Silurian. 

Remarks: This variety of D. denticulata is distinguished by its large size (upto 150um including the 

processes) and the long rigid processes. 

Diexallophasis denticulata var. A. 

Plate 106, figs. 1-6; pl. 114, figs. 6,7 & 8. 

Remarks: Specimens included here have the same broad range of process morphology as 
Diexallophasis denticulata var. denticulata (Stockmans & Williere) Loeblich 1970. However, A 

denticulata var. A has a thicker wall (ca. 2um) and a more deSCrete echinate ornamentation on the 

central body and on the processes. 

Multiplicisphaeridium amphitrite Deunff, Lefort & Paris 1971, described from the late Ludlow of 
France, is of very similar morphology to this variety of Diexallophasis denticulata and could possibly 
be synonymous. 
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Diemallophasis remota (Deunff) Playford 1977. 

Plate 84, fig. 5; pl. 107, figs. 3 & 4; pl. 122, fig-5; pl. 164, figs. 2,5 & 6; pl. 173, figs. I&5; pl. 180, 
figs. II& 12. 

Description: Deunff 1955, p. 146, pl. 4, fig. 8. 

Holotype: Deunff 1955, pl. 4, fig. 8. Age: Wenlock-Givetian. 

Remarks: Included here are specimens of Diexallophasis with a polygonal central body. Specimens 

not assigned to a variety of this species are either too poorly preserved or of too few numbers to 

wan-ant subdivision at the subspecies level. 

Diemallophasis remota var. remota (Deunff) Fensome et al. 1990. 

Plate 84, figs. 3 & 4; pl. 107, figs. I&2; pl. 115, figs. 1,2 & 3; pl. 139, figs. 2 & 4; pl. 149, figs. 9 & 

10; pl. 164, pl. 3 &4 

Description: Deunff 1955, p. 146, pl. 4, fig. 8. 

Holotype: Deunff 1955, pl-4, fig. S. Age: Wenlock-Givetian. 

Remarks: The specimens of D. remota var. remota recorded here measure upto I 10um in total 

diameter. This variety has four-six processes, four of which are positioned at the apices of the flattened 

polygonal central body. Ile processes are echinate and striate and the process terminations are 
denticulate with shallow (<Sum) furcation at the tips. 

The specimens observed strongly resemble the holotype. Also comparable are specimens recorded by 

Deunff (1966) as Veryhachiwn remotum from the Devonian of Tunisia. 

Diexallophasis remota var. rabiosum (Cmmer) comb. nov. 

Plate 129, fig. 3; pl. 139, figs. 3 & 6; pl. 149, figs. 11 & 12; pl. 153, fig. 9? 

Synonomy: 1964, Ve? yhachium rabiosum, Cramer, p. 299, pl. 5, fig. 7; pl. 6, figs. 3 & 8, pl. 7, 
figs. 5,8 & 9, text-fig-21b. 

1967, EWttia rabiosa, Brito, p. 477 

1970, Baltisphaeridium rabiosum, Cramer, p. 182-183. 

79 



1973, Multiplicisphaeridiwn rabloswn, Eisenack, Cramer & Diez, p. 747-749. 

Description: Cramer 1964, p. 299, pl. 5, fig. 7, pl. 6, figs. 3 & g, pl. 7, figs. 5,8 & 9, text-fig. 21b. 

Holotype: Cramer 1964, pl. 5, fig. 7. Age: Siegenian-Emsian. 

Remarks: This form is combined with D. remota as it possesses a flattened vesicle and has processes 

which have a granulate or echinate ornamentation and denticulate distal terminations. This particular 

variety has a large, quadrate central body and six processes, four of which are positioned at the apices 

of the vesicle. The processes are rather broad. Diexallophasis remota var. remota has an identical 

arrangement of the processes but differs in having thinner, more slender processes. 7be latter variety is 

also generally smaller in size. 

Diexallophasis reinota var. thyrae (Cramer) comb. nov. 

Plate 173, fig. 1; pl. 180,8,11 & 12? 

Synonomy: 1964, Ve? yhachium thyrae, Cramer, p. 316-317, pl. 12, figs. 10 & 13. 

1973, Multiplicisphaeridium thyrea, Eisenack, Cramer & Diez, p. 809-810. 

1984, Exochoderma cleopatra, Martin, p. 55, pl. III, figs. 1-6,8 & 9. 

Description: Cramer 1964, p. 316-317, pl. 12, figs. 10 & 13. 

Holotype: Cmmer 1964, pl. 12, figs. 10. Age: Ludlow. 

Remarks: This form is recombined here with D. remota due to the similarity of morphological features 

such as i. central body shape, ii. process terminations and iii. ornamentation with that species. The 

species D. thyrae is denoted to variety status within D. remota due to the broadening of the species D. 

remota, see p. 76 and p. 79. 

Ditmallophasis remota var. A. 

Plate 115, figs. 4,5 & 6. 

Remarks: This large variety of A reinota, upto 150um in total diameter, has four to six broad 

processes with a strongly polygonal central body. Ile processes are coarsely denticulate at the 

terminations and branch in the distal halfi Ile wall is thick (> lum) and sparsely ornamented with 

echinae. 
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Diexallophasis cf. sanpetrensis (Cmmer) Doming 1981. 

Plate 78, figs. 7 & 10 

Holotype: Cramer 1964, pl. 3, fig. 16. Age: Ludlow. 

Remarks: Compare with Cramer 1964, p. 293-294, pl. 3, figs. 15-16, text-fli. 18. This small form of 
Diexallophasis, measuring between 18-38um in diameter across the central body, is recorded here from 

samples from the ludensis (graptolite) Zone, latest Llandovery only. Specimens have a similar process 
to central body ratio and a similar degree of denticulation to D. sanpetrensis. Specimens here are 
smaller and have a slightly more polygonal aspect than the holotype. 

Diexallophasis? sp. 1. 

Plate 40, figs. 8&9. 

Remarks: Acanthornorphic acritarchs with a four-sided, slightly inflated central body. From the two 

poorly preserved specimens recovered, it appears probable that there would have been four short stout 

processes at the apices of central body (each specimen observed has only two fully preserved). The 

central body is 41-42um wide. The processes are 14-18um long, approximately 8um wide at the base 

and 4-5urn wide distally. The distal tips have very shallow furcations less than 3urn deep. The wall is 

composed of a single layer and the processes communicate freely with the central body. The body and 

processes are ornamented with grana and minute echinae. 

A morphologically similar species is Evittia sommeri Brito 1967 which has deeper furcations in the 
distal extremities of the processes. 

Genus Duvernaysphaera Staplin 1961. 

Type species: Duvernaysphaera tenuicingulata Staplin 1961. 

Generic description: Staplin 1961, p. 414-415. 

Remarks: The author agrees with Cramer & Diez 1972 (p. 162) and Playford 1977 (p. 21) that Helios 
Cramer 1974 is a junior synonym of Duvernaysphaera. 
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Duvernaysphaera gothica Martin 1967. 

Plate 62, figs. 1&2; pl. 85, figs. I&2. 

Description: Martin 1967, p. 323, pl. 1, figs. 6 & 15. 

Holotype: Martin 1967, pl. 1, fig. 15. Age: Silurian. 

Remarks: Duvernaysphaera aranaides (Cramer) Cramer & Diez 1972 has a similar discoid vesicle 

shape, size, and approximately the same number of processes as A gothica. It differs in the position of 
the processes. Duwmaysphaera gothica has a circle of processes radiating from the equator of the 
discoid central body, whereas the circle of processes of D. aranaides radiate from a position between 

the pole and the equator of the vesicle. 

Duvernaysphaera radiata Brito 1967. 

Plate 185, figs. 4 & 5. 

Description: Brito 1967, p. 477, pl. 1, figs. I&2. 

Holotype: Brito 1967, pl. 1, fig. 2. Age: ? Middle Devonian. 

Duvernaysphaera sp. 

Plate 78, figs. 5 & 6. 

Remarks: Ile two specimens included here have a similar structure to D. aranaides. It differs in 

possessing a greater number of processes, approximately 50, supporting the velum. Duvernaysphaera 

aranaides possesses approximately 10 processes. 

Genus Ephelopalla Wicander 1974 emend. Martin 1981. 

Type species: Ephelopalla elongata Wicander 1974. 

Generic description: Wicander 1974, p. 22, emend. Martin 1981, p. 20-21. 
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Ephelopalla gorkae Martin 19 8 1. 

Plate 181, figs. 1-6; pl. 187, fig. 3; pl. 191, figs. 7,8 & 9. 

Description: Martin 1981, p. 22-23, pl. 2, figs. 1-3 & 5-7. 

Holotype: Martin 1981, pl. 2, figs. 1. Age: Late Devonian. 

Remarks: The well preserved specimens recorded in the present study accord well with the description 

and illustrations of the type material from Belgium. 

Genus Florisphaerldium Lister 1970. 

Type species: Florisphaeridium castellum Lister 1970. 

Generic description: Lister 1970, p. 74. 

Remarks: This genus is distinguished from Multiplicisphaeridium by having floreate, as opposed to 

ramusculose, distal terminations of the processes. 

Florisphaeridium toyetae (Cramer) Cramer & Diez 1976. 

Plate 150, fig. 1. 

Description: Cramer 1964, p. 302, pl. 1, figs. 14 & 15. 

Holotype: Cramer 1964, pl. 1, fig. 15. Age: Middle Siegenian-Emsian. 

Remarks: Specimens recorded here have processes that are shorter than on the holotype. However, 

specimens assigned to this species by Cramer & Diez in 1976 when they transferred the species to the 

genus Florisphaeridium are almost identical to those observed here. 
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Florisphaeridium sp. 

Plate 129, fig. 4; pl. 165, fig. 2. 

Remarks: The single folded specimen included here has approximately eight processes with floreate 

distal terminations. The central body is approximately 40um in diameter and processes are upto Bum 

in length. 

Genus Frankea Bunnann 1970. 

Type species: Frankea hamata Bumiann 1970. 

Generic description: Burmann 1970, p. 290; for an English translation see Eisenack, Cramer & Diez 

1979, p. 295. 

Frankea saribernardensis (Martin) Colbath 1986. 

Plate 16, fig. 13; pl. 32, figs. 3-6. 

Description: Martin 1966b, p. 434-435, text-figs. 11-13. 

Holothm: Martin 1966b, text-figs. 12-13. Age: Arenig. 

Remarks: The combination F. sartbernardensis was not validlY published in Burmann 1970 (p. 291) as 

the author did not fully reference the basionym. 

Frankea hamata Burmann 1970 is very similar in morphology but differs in having only two pinnae at 

the distal terminations of the processes, F. sanbernardensis may have three or four. Frankea hamulata 

Burmann 1970 has three or more short stub4ike pinnae. 

Genus Goniosphaeridium Eisenack 1969 emend. Turner 1994. 

Type species: Goniosphaeridium polygonale (Eisenack ax Eisenack) Eisenack 1969. 

Generic description: Eisemck 1969a, p. 256; Turner 1984, p. I 11-112. 
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Remarks: As discussed by Turner (1984, p. 112), the morphological limits of the genus 
Goniosphaeridium are rather vague. Forms included here are smooth walled and have conical 

processes whose bases merge to form the poorly defined central body (i. e. the shape of the central body 
is dictated by the shape of the process bases). Forms included in the genus Polygoniwn have a 
polygonal, well defined central body with simple processes. Forms included in Micrhystridium have a 

round-ovate central body with simple processes. Stellichinitwn and Uncinisphaera both have an 

ornament of echinae. 

Goniosphaeridium cf. conneawn Kjellstrom 1971. 

Plate 5, figs. 1.2 & 3. 

Holotype: Kjellstrom 1971a, pl. 3, fig. 5. Age: Middle Ordovician. 

Remarks: Compare with Kjellstrom 1971a, p. 4445, pl. 3, fig. 5. Specimens assigned here are smaller 
(central body diameter 25-40um as opposed to 40-45um) and have more processes (15-20 rather than 

'about 10*) than the material described by Kjellstrom. The illustration of the holotype by Kjellstrom 

(1971, pl. 3, fig. 5) is rather feint. 7he present author has been influenced in to comparing the 

specimens assigned here to G. connectum by the illustration of the species given in Eisenack, Cramer & 

Diez 1979, p. 483. 

Goniosphaeridium polygonale subsp. pellucidum (Timofeev ex Tynni) Fensome ei aL 1990. 

Plate 5, fig. 8. 

Description: Timofeev 1959b, p. 40, pl. 3, fig. 37. 

Holotype: Timofeev 1959b, pl. 3, fig. 37. Age: Early Ordovician. 

Remarks: Specimens observed here have folded, rather flexible processes in contrast to the relatively 

rigid processes of the holotype as illustrated by Timofeev. 

Goniosphaerldium polygonale subsp. polygonale (Eisenack) Fensome et aL 1990. 

Plate 17, figs. 1-4; pl. 32, figs. 7 & 8. 

Synonomy: 1977, Veryhachium splendens, Paris & Deunff, pl. 1, fig. 4. 
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Description: Eisenack 1931, p. 113, pl. 4, figs. 16-20; pl. 5, fig. 18. For further morphological 
information see Eisenack, Cramer & Diez 1979, p. 499. 

Holotype: Eisenack 193 1, pl. 4, fig. 19; lost according to Eisenack (1959a, p. 199. Age: Silurian (the 

type material was taken from an erratic). 

Goniosphaeridium polygonale var. A. 

Plate 5, fig. 9; pl. 17, figs. 6,7 & 9. 

Remarks: Acanthornorphic acritarchs which have a strongly polygonal central body ranging between 

3 lum, and 42um, in maximum diameter. The processes have broad bases (upto, 7um wide) that taper 

rapidly in the proximal half of the shaft and taper more gradually distally. Processes are 15-19um in 

length and have accuminate tips. The process length to central body diameter ratio is approximately 

3: 5. The wall is composed of a single layer and the processes communicate freely with the central 

body. The wall is smooth and no regular form of opening is apparent. 

Remarks: This form is morphologically most similar to G. polygonale subsp. polygonale. The size 

and shape of the central body are almost identical, as is the process to central body size ratio. 

However, G. polygonale var. A has processes that are thinner distally and more numerous. 

Goniosphaeridium polygonale subsp. pellucidum has longer processes relative to the central body and 

the central body is markedly smaller. 

Kote- Goniosphaeridium sp. 1 to sp. 3 described below can be considered as a complex of 

Goniosphaeridiwn species which have a similar two-tier, galaeate processes. The three species 

described show variation in the number and dimensions of the processes. 

Goniosphaeridium sp. 1. 

Plate 5, fig. 4 

Description: Acanthomorphic acritarchs which have a strongly polygonal central body. The central 
body ranges between 20um and 25um in maximum diameter. There are approximately 20 processes 

that am galaeate in form. They have broad, inflated, bulbous bases (upto 10um wide) that taper 

rapidly to approximately half way up the shaft. The distal half of the shaft tapers more gradually to 

commonly truncated or to accuminate tips. Process are 10-14um in total length and the process to 
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central body ratio is approximately 1: 2.7be wall is composed of a single layer and the processes 
communicate freely with the central body. 7be wall is smooth and no regular form of opening is 

apparent. 

Remarks: The species is distinguished from those previously published by the galaeate processes. 
Goniosphaeridium sp. 2 has fewer more conical shaped processes. Goniosphaeridium sp. 3 has a 

greater number of processes and is larger in size. 

Goniosphaeridium sp. 2. 

Plate 5; fig. 5. 

Description: Acanthomorphic acritarchs which have a strongly polygonal central body. The central 

body ranges between 25um and 30um in maximum diameter. There are about 8-15 processes that are 

galaeate, in form. 7bey have broad conical bases (upto l5um wide) that taper rapidly to approximately 
half way up the shaft. The distal half of the shaft tapers more gradually to commonly truncated or to 

accuminate, tips. Process are upto, Hum in total length and the process to central body ratio is 

approximately 1: 2. The wall is composed of a single layer and the processes communicate freely with 

the central body. Ile wall is smooth and no regular form of opening is apparent. 

Remarks: This species differs from Goniosphaeridium sp. I by having fewer processes which are more 

conical as opposed to bulbous at their bases. A morphologically similar published species is Stellinium 

ocioaster (Staplin) Jardine et al. 1974 which has a similar vesicle form and number of processes. This 

Late Devonian species, however, has crested processes. 

Goniosphaeridium sp. 3. 

Plate 5, fig. 6. 

Description: Acanthomorphic acritarchs; having a strongly polygonal central body which ranges 
between 35um and 40um in maximum diameter. 71ere are approximately 20-30 processes that are 

galaeate in form. They have broad conical bases (upto 8um wide) that taper rapidly to approximately 
half way up the shaft. The distal half of the shaft tapers more gradually to truncated or to rare 

accuminate tips. Process are upto l5um in total length and the process to central body ratio is 

approximately 2: 5. The wall is composed of a single layer and the processes communicate freely with 
the central body. The wall is smooth and no regular form of opening is apparent. 
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Remarks: Goniosphaeridium sp. I is smaller in size and has fewer processes with more bulbous bases 
than this taxon. 

Genus Gorgonisphaerifium Staplin, jansonius & Pocock 1%S. 

Type species: Gorgonisphaeridiwn winslowiae Staplin, Jansonius & Pocock 1965. 

Generic description: Staplin, Jansonius & Pocock 1965. 

Remarks: An English translation of the restricted generic description proposed by Kiryanov (1978) is 

not available to the author. For this reason, the parameters of the genus utilised here are those stated in 

the original description by Staplin, Jansonius & Pocock (1965). 

Of the 43 species of Gorgonisphaeridium considered to be valid at the present time (Fensome et al. 
1990), 26 are described from the Middle to Late Devonian. It is apparent from personal observation of 

the illustrations of the holotypes of these Mid-Late Devonian species that these relatively simple, thick 

walled, acantho-morphotypes have been over-split. Ile thick, generally dark-coloured vesicle wall 

makes subdivision of these forms on the detail of the wall sculpture somewhat impractical. The group 
has, therefore, been subdivided into complexes of species in the interests of practicality for future usage 

of these morphotypes. 

Gorgonisphaeridium ohioense Complex. 

Plate 181, figs. 8,9 & 10; pl. 187, figs. 6 & 7; pl. 192, figs. 1-4 

Remarks: Included here are forms with relatively long processes, i. e. with process to central body ratio 

greater than 6: 1, and with simple process terminations. Ile central body is greater than 30um in 

maximum diameter. 

The species G. ohioense (Winslow) Wicander 1974, G. crinegerum Deunff 1981, G. elongatum 
Wicander 1974 and G. solidum Jardine et al. 1974 are included in this complex. Transitional 

morphotypes, falling morphologically between these formally described species, are common in the 

material studied. It is for this reason that these forms are difficult to split practically and have, 

therefore, been grouped. 

The G. winslowiae complex differs in possessing furcate process terminations. 
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Gorgonisphaeridium spicatum Complex. 

Plate 182, figs. 1,2 & 3; pl. 187, fig. 10; pl. 192, fig. 6. 

Remarks: Included here are forms with relatively short processes, i. e. the process to central body ratio 
is less than 6: 1. The process termination are simple. The central body measures more than 30um in 

maximum diameter. 

The species included in this complex are G. spicatwn (Staplin) Staplin el al. 1965, G. absilum 
Wicander 1974, G. disparatum Playford 1977, G. evexispinoswn Wicander 1974, G. granatum 
Playford. 1977 and G. pleurispinwn Wicander 1974. Although the descriptions and illustrations of the 

type specimens of these species suggest that these forms are easily recognisable, practical application of 
them was found to be very difficult due to the common occurrence of transitional morphotypes. The 

use of this group of species as the G. spicatum complex is thought to be of more practical value for 

f4ture work. 

A comparable species with this complex is G. seperatum Wicander 1974 which also has relatively short 

processes. This form, however, possesses bifid processes. Gorgonisphaeridium telum Wicander & 

Playford 1985 also has simple process terminations but is a much smaller species, measuring between 

14-24um in vesicle diameter. 

Gorgonisphaeridium telum Wicander & Playford 1985. 

Plate 154, figs. 1,2 & 3; pl. 165, figs. 3 & 4; pl. 192, figs-9 & 12. 

Description: Wicander & Playford 1985, p. 106-108, pl. 3, figs. 4 & 5. 

Holotype: Wicander & Playford 1985, pl. 3, figs. 4. Age: Fmsnian. 

Remarks: This species is distinguished by the simple process terminations and the small size of the 

central vesicle which measures between l4urn and 24um. 
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Gorgonisphaeridium winslowiae Complex. 

Plate 192, fig. 5. 

Remarks: Included here are forms with relatively long processes, i. e. the process to central body ratio 
is greater than 1: 6, with bifurcate and rarely trifurcate process terminations. The central body is 

greater than 30urn in maximum diameter. 

Species included here are G. winslowiae Staplin et al. 1965 and G. furcillatum Wicander and Playford 

1985.7be G. ohioense complex differs in possessing simple as opposed to furcate processes. 

Gorgonisphaeridium? sp. 2. 

Plate 187, figs. 8 & 9; pi. 191, figs. 9,11 & 12. 

Remarks: Included here are acanthomorphic acritarchs with a spherical central body measuring 
between 2545um in maximum diameter. The processes are simple and solid and measure upto 15um in 

length. The process to central body ratio is generally about 1: 2. The vesicle wall is coarsely reticulate. 
No regular form of opening is apparent. 

This form may be easily distinguished by the reticulum on the vesicle wall. The inclusion of such 

strongly reticulate forms in the genus Gorgonisphaeridium is questioned. 

Gorgonisphaerldium? sp. 3. 

Plate 187, figs. 11 & 12. 

Remarks: This taxon includes acanthomorphic acritarchs with a spherical central body measuring 
between 35-55um in maximum diameter. 7be processes are simple and solid and measure upto 20um in 

length. The process to central body ratio is generally about 1: 2. The vesicle wall is vermiculate. No 

regular form of opening is apparent. 

This form can be distinguished by the sinuous ridges or vermiculae ornamenting the vesicle wall. The 

inclusion of such ornamented forms in the genus Gorgonisphaeridium is questioned. 
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Genus HapsidopaUa Playford 1977 emend. Wicander & Wood 1981. 

Type species: Hapsidopalla sannemannil (Deunff) Playford 1977. 

Generic description: Playford 1977, pl. 25 emend. Wicander & Wood 1981, p. 42-43. 

Remarks: Hapsidopalla is differentiated from the genus Craterisphaeridium by the presence of a 
reticulate, as opposed to a foveolate, ornamentation on the vesicle wall. 

Hapsidopalla cL sannemanni (Deunft) Playford 1977. 

Plate 107, figs. 5,6,8 & 9; pl. 139, figs. 10,11 & 12. 

Holotype: Deunff 1957, pl. 13, fig. 1. Age: Middle Devonian. 

Remarks: Compare with Deunff 1957, p. 6, pl. 13, fig. 1. Specimens recorded here have shorter and 

more slender processes than the type specimen. 

Genus HeliosphaerMum Lister 1970. 

Type species: Heliosphaerldium claWspinulasum Lister 1970. 

Generic description: Lister 1970, p. 76. 

Remarks: The low ornamentation of the wall of these spheromorphs is expanded at the distal. part of 

the element. Lophosphaeridium differs in possessing an ornament of solid tubercles. 

Buedingisphaeridium has conical tubercles that communicate freely with the vesicle cavity. 

Heliosphaeridium cf. citrinipeltatum (Cramer & Diez) Doming 198 1. 

Plate 62, figs. 3,4,7 & 8. 

Holotype: Cramer & Diez 1972, pl. 35, fig. 58. Age: Early Llandovery. 

Remarks: Compare with Cramer & Diez 1972, p. 166-167, pl. 35, figs. 58-59. Specimens recorded 
have slightly lower ornament than that of the holotype, of H. citrinipekatwn. 7be specimens observed 
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have closely spaced 'donut-like' elements ornamenting the wall. The vesicle measures between 38um- 
50um in diameter. 

Heliosphaeridium malwwnsls Doming 1981, H. claWspinosum Lister 1970 and H. pseudodictywn 
Lister 1970 all differ by possessing solid processes with blunt distal tips. 

Genus ImpluWeulus Imblich & Tappan 1%9 onend. Martin 1975. 

Type species: Impluviculus milonii (Deunff) Loeblich & Tappan. The vesicle is 38um-50um in 
diameter. 

Generic description: Loeblich & Tappan 1969, p. 48; Martin 1975, p. 15. 

Impluviculus? sp. 

Plate pl. 5, fig. 7. 

Remarks: Specimens are questionably assigned to the genus Impluviculus as the characteristic lid-like 

opening is not discernible in this dark coloured material. 

Genus Lelofusa Eisenack 1938 emend. Combaz et al. 1967. 

Type species: Ldofitsafusiformis Eisenack 1934 ex Eisenack 1938 

Generic description: Eisenack 1938a, p. 28; Combaz et al. 1967, p. 297. 

Leiofitsa cf. bernesgae Cramer 1964. 

Plate 62, fig. 5. 

Holotype: Cmmer 1964 Cmmer 1964, pl. 2, fig. 10. Age: Gedinnian. 

Remarks: Compare with Cramer 1964, p. 37, pl. 2, fig. 10. Specimens included here have a fusiform 

vesicle closely resembling the holotype, however, the processes are shorter in the specimens observed. 
Leiofusa tumida Downie 1959 has a slightly more rounded central body and longer processes. 
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Leiofiisa estrecha Cramer 1964. 

Plate 78, figs. 12? & 13?; pl. 85, figs. 4,5 & 6; pl. 107, fig. 7; pl. 129, fig. 6; pl. 139, figs. 5 & 13; 

pl. 154, fig. 10? 

Description: Cramer 1964, p. 36, figs. 8 & 11. 

Holotype: Cramer 1964, fig. 11. Age: Early Gedi 'an. 

Remarks: Specimens of this large leiofusid species (upto 270um in length) are commonly broken in the 

material observed. 

Leiofusafusifonnis Eisenack 1934 ex Eisenack 1938. 

Plate 42, fig. 4. 

Description: Eisenack 1934, p. 65-66, pl. 4, fig. 19. 

Holotype: Eisenack 1934, pl. 4, fig. 19. Age: Silurian. 

Remarks: Specimens included here are 110-150mm in length. Leiofusa simplex (Combaz) Martin 1975 

would appear to have an almost identical morphology (by comparison of the photographic illustrations 

of the holotype) and is probably a junior synonym. 

Leiofusa cf. pittauae ex Pittau 1985; Fensome et al. 1990. 

Plate 6, fig. 1. 

Holotype: Pittau 1985, pl. 9, fig. 12. Age: Late Tremadoc-Early Arenig. 

Remarks: Compare with Pittau 1985, p. 188-189, pl. 9, figs. 9 & 12. Only the size dimensions of 

specimens observed here differ from the type material. The specimens here are 85-96um long here 

compared to 40-47um. long in the type material. The species with the most similar vesicle form to L. 

cf. pittauae is Dactylqfwa squama (Deunfo Rauscher 1973. T'his species is also of similar size but 
differs in possessing striae on the vesicle wall. 
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Leiofitsa tumida Downie 1959. 

Plate 62, fig. 5. 

Description: Downie 1959, p. 65, pl. 11, fig. 5. 

Holotype: Downie 1959, pl. 11, fig. 5. Age: Wenlock. 

Remarks: Leiofitsa granulacutus Loeblich 1970 has a similar shaped vesicle and process form, and is a 

similar size to L. tumida, however, the former has a granulate ornamentation on the wall. 

Genus Leiosphaeridia Eisenack 1958 emend. Turner 1985. 

Type species: Leiosphaeridia baltica Eisenack 1958. 

Generic description: Eisenack 1958a, p. 2-5; Turner 1985, p. 116. 

Leiosphaeridia microcystis Eisenack 1938 ex Eisenack 1958. 

Plate 62, figs. 9,10 & 11. 

Descriotion: Eisenack 1958, p. 8-9, pl. 2, fig. 6. 

Holotype: Eisenack 1958, pl. 2, fig. 2. Age: Silurian. 

Remarks: This species of Leiosphaeridia is distinguished by its size, 50-100um in diameter, and thick 

wall, 2-3um. wide. Leiosphaefidia Wenlockia Downie 1959 has a thinner wall and has a diameter of 
20-50um. 

Leiosphaeridia wenlockia Downie 1959. 

Plate 73, fig. S. 

Description: Downie 1959, p. 65, pl. 12, figs. 24. 

HoloqW: Downie 1959, pl. 12, fig. 2. Age: Wenlock. 
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Remarks: Specimens included here are smooth thin walled spheromorph acritarchs with a maximum 
diameter of 20-50um. 

Leiosphaeridia sp. 1. 

Plate 62, fig. 9; pl. 122, fig. 1. 

Description: Spheromorphic acritarchs which have a thin (< lum thick), smooth wall. The diameter 

of the vesicle ranges between 100-180um. No regular form of opening is apparent. 

Remarks: This species is larger in size and has a thinner wall than L. microcystis. 

Leiosphaeridia spp. 

Plate 5, figs. 10,11 & 12; pl. 18, fig. 1; pl. 41, figs. I&2; pl. 84, fig. 6; pl. 122, figs. 2 & 4. 

Remarks: Specimens assigned here are thin, smooth walled leiospheres that are commonly folded in an 
irregular manner. Opening of the vesicle may be by medium split or by irregular rupturing of the wall. 

Genus Leiovalia Eisenack 1965 ex Gorka 1969 ernend. 

Type species: Leiovalia ovalls (Eiseuck) Corka 1969. 

Emended description: Spheromorphic acritarchs which have an ovate central body. The wall is 

composed of a single layer and is smooth or ornamented with features of low relief (< 2um, high). 

Remarks: The description has been emended to include the many species published in this genus that 

possess ornament (e. g. L. scaberula Loeblich & Tappan 1978). Eisenack 1965 (p. 139) described the 

genus as one that included smooth walled species. Mosphaeridia is spherical-subspherical with a 

smooth wall. Lophosphaeridium is spherical-subspherical with an ornamented wall. NaWfusa is 

elongate ellipsoidal or cylindrical with rounded poles and has a smooth or ornamented wall. Lelofusa 

is elongate ellipsoidal, smooth walled and has accuminate poles. 
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Leiovalia sp. 1. 

Plate 41; fig. 7. 

Description: Spheromorphic acritarchs which have an ovate vesicle measuring between 59-64um in 
length and 32-Slum in width. The length to width ratio is approximately 1.5: 1. The wall is single 
layered and is ornamented with grana (< lum in diameter). No regular form of opening is apparent. 

Remarks: Leiovalia scaberula is slightly larger and has a scabrate, ornamentation composed of fine 

dimples and minute irregular elevations. 

Genus Lophosphaer0um Timofeev 1959 ex Downie 1963 emend. 

Type species: Lophosphaeridium rarum Timofeev 1959 ex Downie 1963. 

Emended description: Spheromorphic acritarchs which have a spherical to subspherical vesicle. Ile 

wall is composed of a single layer and is ornamented with features of low relief (< 2um high). 

Remarks: Lister 1970, p. 61 gave an emended diagnosis of the genus that restricted it to include forms 

with solid tubercular omament. The genus is broadened here to incorporate spheromorphs ornamented 

with any form of low relief ornamentation. 

Lophosphaeridium citrinum Downie 1963. 

Plate 63, fig. 1. 

Description: Downie 1963, p. 630-631, pl. 92, fig. 3. 

Holotype: Downie 1963, pl. 92, fig. 3. Age: Wenlock. 

Remarks: The transfer of this species to the genus Baltisphaeridium by Stockmans & Williere (1974, 

p. 12) is rejected here. The short spines on the vesicle are largely solid in this species which is a 

characteristic of species included in Lophosphaeridiun. 
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Lophosphaeridium sp. 

Plate 41, figs. 3,8 & 9. 

Description: Spheromorphic acritarchs which have a subspherical. vesicle measuring between 81-90um 

in maximum. diameter. 7be wall is single layered, thin and commonly folded. The wall is ornamented 

with subpolygonal clusters of grana and baculae. Ile clusters are 2-4um. in diameter and the elements 

within the clusters are approximately lum in height. The non-ornamented boundaries between clusters 

are < lum wide. No regular form of opening is apparent. 

Remarks: The ornament of subpolygonal clusters of elements distinguish this species. 
Lophosphaeridiwn kptomolgion Loeblich & Tappan 1978 is also a strongly ornamented species, 
however the ornamentation is of variably spaced grana and verrucae in that form. 

Lophosphaeridiwn sp. 2. 

Plate 42, fig. 12; pl. 108, figs. 1,2 & 3. 

Description: Spheromorphic acritarchs which have a subspherical vesicle measuring between 85-9 lum 

in maximum diameter. The wall is single layered, thin and commonly folded. The wall is scabrate, 

ornamented with minute granulate elements (< lum high) and fine fovea (< lum deep and < lum in 

diameter). No regular form of opening is apparent. 

Remarks: This species has a very similar ornamentation to Movalia scaberula Loeblich & Tappan 

1978 but differs in the shape of the vesicle. 

Lophosphaeridium sp. 3. 

Plate 42, fig. 3. 

Description: Spheromorphic acritarchs which have a subspherical vesicle measuring between 30-55um 

in maximum diameter. The wall is single layered, thick and occasionally folded. The wall is coarsely 

scabrate and ornamented with what appear to be a combination of grana, baculae and pila (all < 2um 

high). No regular form of opening is apparent. 

Remarks: The elements are not easy to distinguish because of the Poor preservation. Tle pila make the 

wall surface appear 'hairy' in some specimens. 
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Lophosphaeridium sp. 4. 

Plate 73, fig. 2. 

Description: Spheromorphic acritarchs which have a spherical vesicle measuring between 65-75um in 

maximum diameter. The wall is single layered, thick (approximately lum) and occasionally folded. 

The wall is ornamented with grana and baculae which are closely spaced (< 2m between elements). 
The elements are approximately 2um in height and 2um in diameter. No regular form of opening is 

apparent. 

Remarks: This species has a similar morphology to Visbysphaera microspinosa. However, the wall is 

thinner and the elements are more densely distributed on the vesicle than in V. microspinosa. 

Lophosphaeridium sp. 5. 

Plate 63, figs. 2 & 3. 

Description: Spheromorphic acritarchs which have a spherical vesicle measuring between 25-30um in 

maximum diameter. The wall is single layered and ornamented with coarse baculae. The baculae are 

evenly spaced with approximately 2-3um between the elements. The baculae are 1-3um in height and 

approximately 3-4um in diameter. No regular form of opening is apparent. 

Remarks: This species is distinguished by its small size and the coarse baculate ornament on the 

vesicle. 

Lophosphaeridium sp. 6. 

Plate 63, figs. 4&6. 

Description: Spheromorphic acritarchs which have a spherical vesicle measuring between 37-45um in 

maximum diameter. The wall is single layered, moderately thick (approximately lum) and occasionally 
folded. The wall is ornamented with evenly spaced grana (<2um between elements) that are < lum in 

height and < 2um in diameter. No regular form of opening is apparent. 

Remarks: This species is distinguished by the evenly distributed, descrete grana and the rather rigid 

vesicle. 
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Lophosphaeridium sp. 7. 

Plate 78, figs. 8 & 9; pl. 85, figs. 3,7 & 8; pl. 108, fig. 4. 

Description: Spheromorphic acritarchs which have a spherical vesicle measuring between 23-45um in 

maximum diameter. 7be wall is single layered, moderately thick, approximately lum, and is 

commonly folded. 7he wall is ornamented with closely spaced, evenly distributed (< lum between 

elements) grana that are < lum in height and < lum in diameter. No regular form of opening is 

apparent. 

Remarks: This species is distinguished by the dense, even distribution of grana and the small size of 
the vesicle. 

Lophosphaeridium sp. S. 

Plate 86, fig. 8. 

Description: Spheromorphic acritarchs which have a spherical vesicle measuring approximately 35um 

in maximum diameter (two specimens measured). 7be wall is thick (> lum) and single layered. It is 

ornamented with evenly distributed verrucae (> 4um between the elements) that are > 2um in height 

and > 2um in diameter. No regular form of opening is apparent. 

Remarks: The specimens included here strongly resemble Tapajonites roxol Sommer & Van Boekel 

1963 which was described from the Middle Devonian of Brazil. However, T raxoi is approximately 
140um in diameter compared to the diameter of approximately 35um of Lophosphaeridium sp. 8. The 

genus Tapajonites has size limits of 100-200um. for the species included within it, hence, specimens 

recorded here are assigned to the genus Lophosphaeridium. 

Lophosphaeridium? sp. 9. 

Plate 5 1, figs. 3,5 & 8. 

Description: Spheromorphic acritarchs which have a spherical vesicle measuring 75-105um in 

maximum diameter. The wall is very thick (approximately 2um) and single layered. The wall has an 

unusual 'sponge-like' texture giving the vesicle surface a coarsely scabrate appearance. No regular 
form of opening is apparent. 
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Remarks: Lophosphaeridium? sp. 9 is only recorded from sample DJ 10. 'Mese morphotypes are 
questionably included in the genus Lophosphaerldium as it is debatable weather or not the coarsely 
scabrate surface of the wall should be considered as *ornamentation of low relief", the presence of 
which is a diagnostic feature of Lophosphaeridium species. 

Genus Mamnhiles Brito 1965. 

Type species: Maranhites brasiliensis Brito 1965. 

Generic description: Brito 1965, p. 1-2. 

Maranhites britoi Stockmans & Williere 1969. 

Plate, 173, figs. 4 & 6; pl. 188, fig. 1; pl. 193, fig. 1. 

Description: Stockmans & Williere 1969, p. 44-45, pl. 2, figs. 4 & 7. 

Holotype: Stockmans & Williere 1969, pl. 2, fig. 4. Age: Early Famennian. 

Remarks: This rather elaborate form of Maranhites has tabular extensions protruding from the lateral 

margin of the vesicle. The cells or pods are enclosed by a thin wall layer which are positioned between 

the tabular extensions from the vesicle. Maranhites perpkxus Wicander & Playford 1985 has a similar 

morphology but is described as being consistently smaller in size than M. britoi. 

Maranhites cf. britoi Stockmans & Williere 1969. 

Plate 173, fig. 7; pl. 174, fig. 2. 

Holotype: Stockmans & Williere 1969, pl. 2, fig. 4. Age: Early Famennian. 

Remarks: Compare with Stockmans & Williere 1969, p. 44-45, pl. 2, figs. 4 & 7.7bese forms have 

thicker, more robust tabular extensions from the central body supporting the membranous pods than do 

specimens assigned to M. britoi. 
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Maranhites mosessii (Sommer) Brito 1967. 

Plate 182, fig. 8; pl. 193, fig. 2. 

Description: Sommer 1956, p. 458-461, figs. 5-8. 

Holotype: Sommer 1956, p. 458-461, figs. 5,7 & 8. 

Remarks: This species of Maranhites has a smooth, circular outer margin of the vesicle with large 

subcircular pods positioned on the inner wall. Morphologically similar species are A brasifiensis 

Brito 1965 and A stocknansii Martin 1981 emend. Martin 1984.7bese species also have a circular 

outline but differ in possessing smaller cells which are restricted to the outer margin of the vesicle. 

Maranhiles perplexus Wicander & Playford 19 85. 

Plate 193, fig. 6. 

Description: Wicander & Playford 1985, p. 110, pl. 3, figs. 1 la-b & 12. 

Holotype: Wicander & Playford 1985, pl. 3, figs. I la-b. 

Remarks: This species has a similar morphology to M. britoi but can be distinguished by the larger 

size of the vesicle. 

Maranhites stocknansil Martin 1981 emend. Martin 1984. 

Plate 174, fig. 1; pl. 182, fig. 6. 

Description: Martin 1984, p. 25, pl. 7, figs. 1,3,4-7 & 10. 

Holotype: Martin 1981, pl. 4, fig. 10. Age: Early Famennian. 

Remarks: This species is distinguished by the circular outline of the vesicle and the presence of minute 

pods which are restricted to lateral margin. 
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Maranhites cfi stockmansli Martin 1981 emend. Martin 1984. 

Plate 174, figs. 3&4. 

Holotype: Martin 1991, pl. 4, fig. 10. Age: Early Famennian. 

Remarks: Compare with Martin 1984, p. 25, pl. 7, figs. 1,3,4-7 & 10. The pods of this form are 
restricted to the lateral margin of the vesicle as in M stock? nansii, however, the pods are noticeably 
larger and more obtrusive in M. cf. stoclanansii. 

Maranhites sp. 1. 

Plate 193, figs. 3,4 & 5. 

Description: A species of Maranhites with a subcircular central body measuring between 65-IODum in 

maximum diameter. Tle central body is moderately thick walled and is ornamented with a reticulum. 
Ile pods are positioned on the periphery of the central body and are ovate in shape. Ilere is a 
thickening of the wall at the outer margin of the central body marking a boundary between it and the 

pods. There is little or no lateral extension of the central body between the pods. Ile pods are 

positioned closely adjacent to each other giving a gently undulating outline to this species. 

Remarks: Ile reticulate ornamentation and the thickening of the wall at the outer margin of the central 
body distinguishes this species from the closely comparable M. britoi. 

Maranhites sp. 2. 

Plate 182, figs. 4 & 7. 

Description: A species of Maranhites with a subcircular central body measuring between 75-95um, in 

maximum diameter. The central body is very thick walled and appears black in the material observed. 
The pods are positioned on the periphery of the central body and are subspherical to ovate in shape. 
There is little or no lateral extension of the central body between the pods. 

Remarks: Ile absence of the lateral extensions of the central body between the pods is the major 
difference between this form and Maranhites britoi. This gives Maranhites sp. 2a distinctly 

undulating outer margin in contrast with the smoother outer margin of M. britoi. 
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Genus Marrocanium Crwner et al. 1974. 

Type species: Marrocanium simplex Cmmer et al. 1974. 

Generic description: Cramer et al. 1974b, p. 59. 

Remuics: Species included here have a four-sided veryhachid-shaped vesicle with a thin membrane 

extending between the processes. 

Marrocanium simplix Cramer et al. 1974. 

Plate 18, figs. 3-8; pl. 33, figs. 1& 2. 

Description: Cramer et al. 1974, p. 59, pl. 26, figs. 1-9. 

Holotype: Cramer et al. 1974, pl. 26, figs. 1&2. Age: We Arenig-Early Llanvirn. 

Remarks: Ile diin transparent membrane or web extending between processes is poorly preserved in 

the specimens observed. 

Marrocanium sp. 

Plate 18, figs. 9 & 10. 

Remarks: Two specimens are recorded here. Iley have a rectangular shaped vesicle measuring 

approximately 35urn in length and 28urn wide. Ilere are four processes at the apices of the vesicle 

measuring upto, l7urn in length. A poorly preserved membrane is present in the viscinity of the 

processes. The wall is ornamented with grana. 

These forms can be distinguished from Marrocanium simplex by the presence of the granulate 

ornamentation on the wall of the central body and the processes. 

Genus Micrhystridium Deflandre 1937 anend. Sarjeant 1%7. 

Type species: Micrhystridium inconspicuum (Deflandre) Deflandre 1937. 

Generic description: Deflandre 1937b, p. 79-80; Sadeant 1967, p. 204. 
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Remarks: Micrhystridium here encompasses species with well defined, round to ovate central bodies, 

simple processes that communi freely with the central body and that have a smooth or scabrate wall. 
Gonlosphaeridium has conical processes whose bases merge to form a poorly defined central body, i. e. 

the shape of the central body is dictated by the shape of the process bases. Species included in the 

genus Polygonium have a polygonal, well defined central body with simple processes. Stellichinitum 

and Uncinisphaera both have an ornamentation of echinae. 

Micrhystridiwn are? wrecanium (Paris & Deunff) Fensome et al. 1990. 

Plate 6, figs. 2 & 3. 

Description: Paris & Deunff 1970, p. 32, pl. 2, fig. 20; for English translation see Eisenack, Cramer & 

Diez 1979, p-445. 

Holotype: Paris & Deunff 1970, pl. 2, fig. 20. Age: Llanvirn. 

MicrhystýWiwn henryii Paris & Deunff 1970. 

Plate 18, figs. 13 & 14. 

Description: Paris & Deunff 1970, p. 3 1, pl. 2, figs. 2,10,14-15, IS. 

Holotype: Paris& Deunff 1970, pl. 2, fig. 14. Age: Llanvirn. 

Micrhystridium inaffectilumium? Loeblich 1970. 

Plate 18, figs. 11 & 12. 

Description: Loeblich 1970, p. 728, figs. 21E-D. 

Holotype: Loeblich 1970, fig. 21D. Age: Middle Silurian. 

Remarks: Processes of the specimens observed here are slightly shorter than in the type material 

described from the Middle Silurian Maplewood Shale, New York, USA. 
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Micrhystridium stellatum Deflandre 1945. 

Plate 86, fig. 4; pl. 140, fig. 1; pl. 174, fig. 7. 

Description: Deflandre 1945, p. 65, pl. 3, figs. 16-19. 

Holotype: Deflandre 1945, pl. 3, fig. 16. Age: Silurian. 

Genus Multiplicisphaer0um Staplin MI emend. Turner 1984. 

Type species: Multiplicisphaeridium ramispinosum Staplin 196 1. 

Generic description: Staplin 1961, p. 410; Turner 1984, p. 120. 

Remarks: The genus Piliferosphaera has the same general morphology as Multiplicisphaeridium but 

differs in possessing an ornament of short spine-like pila on the central body. Ammonidium differs by 

having equifurcate processes. The genera Baltisphaeridium, Micrhystridium and Salopidium differ by 

having simple processes. 

Multiplicisphaeridium bifurcatum Staplin, jansonius & poa)ck 1965. 

Plate 42, figs. 5 & 6. 

Description: Staplin, Jansonius & Pocock 1965, p. 182, pl. 18, fig. 13. 

Holotype: Staplin, Jansonius & Pocock 1965, pl. 18, fig. 13. Age: Middle Ordovician. 

Remarks: The delicate distal furcations are commonly damaged in the material observed. This taxon is 

very similar in morphology to species of Ordovicidium which have been recorded at the same 

stratigraphic level from which the present specimens have been recovered. Multiplicisphaeridium 

bifurcalwn differs from these species by having slightly deeper and more elaborate distal process 
furcation. 
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Multiplicisphaeridium consolator Cramer & Diez 1977. 

Plate 19, figs. I&2. 

Description: Cramer & Diez 1977a, p. 347, pl. 3, fig. 17. 

Holotype: Cramer & Diez 1977a, pl. 3, fig. 17. Age: Early Arenig. 

Remarks: Multiplicisphaeridium muldradiale (Burmann) Eisenack, Cramer & Diez 1976 differs in 

possessing more elaborate distal process terminations. 

Multiplicisphaeridium crispum (Vavrdova) Comb. nov. 

Plate 19, figs. 3-6; pl. 33, fig. 3. 

synonomy: 1990, Kladothecidum crispum, Vavrdova, p. 247-248, pl. IV, fig. 3; text-fig. 8. 

Description: Vavrdova 1990, p. 247-248, pl-IV, fig. 3; text-fig-8. 

Description of the material observed here: Acanthomorphic acritarchs which have a well defined 

subspherical central body measuring between 30-35um in maximum diameter. There are approximately 
10-15 slender processes present which are upto 25um in length. The process bases are upto 5um wide 

and the shafts taper distally to branched distal terminations. Branching is restricted to the distal 

extremities of the processes where the pinnae furcate in a palmate manner upto the 3rd order. The 

process to central body ratio is approximately 4: 5. The wall is composed of a single layer and the 

processes communi freely with the central body. The wall is smooth to slightly granulose on the 

surface. No regular form of opening is apparent. 

Remarks: Inclusion of this species in the genus Kladothecidum by Vavrdova 1986 is rather puzzling. 
Not only is the morphology that of a Multiplicisphaeridium species but there are also, what would 

appear to bea number of closely related species of Multiplicisphaeridium published from this 

stratigraphic level. Some of these closely related morphotypes have been observed in the present study. 
These include M. consolator Cramer & Diez 1977 which has a less well defined, more polygonal 

central body with shorter processes and M. firmum (Burmann) Fensome et al. 1990 which has a more 

polygonal central body and stout processes. 
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Multiplicisphaeridiumfirinum (Burmann) Fensome et al. 1990. 

Plate 19, figs. 7-1 1; pl. 33, figs. 4,5 & 6? 

Description: Burmann 1970, p. 295, pl. 5, figs. 3&4. 

Holotype: Burmann 1970, pl. 5, fig. 4. Age: lAte Arenig-Early Llanvim. 

Remarks: The transfer of this species from Ador 
. 
fla to Mulliplicisphaeridium made by Cramer & Diez 

(1979, p. 43) was legitimised by Fensome et al. (1990). 7be polygonal body and the short, stout 

processes with elaborate terminations distinguish this species. A similar species is A consolator 
Cramer & Diez 1977 which was described from the Late Arenig of Morocco. Processes are broader 

and less elaborate at the distal terminations in M. consolator. Multiplicisphaeridium 

multipugiunculatwn Cramer & Diez 1977 is also similar but it has many more processes than A 

firmum. 

Multiplicisphaeridiwnfisheri (Cramer) Lister 1970. 

Plate 63, figs. 7 & 8; pl. 86, fig. 7. 

Description: Cramer 1968, p. 65, pl. 1, fig. 1. 

Holotype: Cmmer 1968, pl. 1, fig. 1. Age: Late Llandovery. 

Remarks: Leptobrachion arbusculiferum (Downie) Staplin, Jansonius & Pocock 1965 is of a similar 

size and has a similar process distribution to M. fisheri but has deeper and more complex furcation of 

the processes. Mulliplicisphaeridium ramispinosum has slightly shorter processes and a more rounded 

central body. The more irregular body shape in M. fisheri is a reflection of the relatively thin wall of 
this species. 

Multiplicisphaeridium inconstans Cramer & Diez 1977. 

Plate 19, fig. 13; pl. 33, figs. 7,8 & 9. 

Synonomy: 1977, EWttiaflosmaris, Deunff, p. 143, pl. 1, fig. 18, pl. 2, figs. 7,9,11 & 14. 

Description: Cramer & Diez 1977a, p. 347, pl. 4, figs. 5 & S. 
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Holotype: Cramer & Diez 1977a, pl. 4, fig. 8. Age: Early Arenig. 

Remarks: Evittiaflosmaris Deunff 1977, described from the Llanvirn of the Anti Atlas region of 
Morocco appears to have an identical morphology to M. inconstans and is here considered to be a 
synonym. Multiplicisphaeridium rayii Cramer & Diez 1977 has a similar process morphology but 

differs by having a less well defined central body and by being much larger in size. 

Multiplicisphaeridium cf. inconstans Cramer & Diez 1977. 

Plate 19, fig. 12. 

Holotype: Cramer & Diez 1977a, pl. 4, fig. 8. Age: Early Arenig. 

Remarks: Compare with Cramer & Diez 1977. Specimens included here have a thicker and more 

robust wall than M. inconstans. The branching of the processes is to the second order. 

Multiplicisphaeridium lobeznum (Cramer) Eisenack, Cramer & Diez 1973. 

Plate 130, figs. I&2; pl. 140, fig. 2; pl. 150, fig. 3 

Description: Cramer 1964, p. 296, pl. 2, fig. 15, pl. 7, fig. 3, text-fig. 19, no. 6. 

Holotype: Cramer 1964, pl. 2, fig. 15. Middle Siegenian-Emsian. 

Remarks: The contention of Colbath (1979, p. 20-21), upheld by Fensome et al. (1990, p. 348) that this 

species is a junior synonym of M. cladum Downie 1963 is rejected here. The photographic illustration 

and the line diagram of the holotype of M. lobanum given by Cramer show a completely different style 

of process shaft and distal branching when compared to the holotype of M. cladum. 

Multiplicisphaeridium lobeznum is distinguished by the relatively small, spherical vesicle and the very 

complex, densely branched distal process terminations. Multiplicisphaeridium ramispinosum has less 

complex and less dense distal branching of the processes. 
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Multiplicisphaeridium ramispinosum Staplin 1961. 

Plate 130, figs. 4 & 5; pl. 165, figs. 6,8 & 9; pl. 174, figs. 5 & 6; pl. 182, fig. 5; pl. 188, fig. 3; 

pl. 193, figs. 7,8 & 9. 

Description: Staplin 1961, p. 411, pl. 48, fig. 24. 

Holotype: Staplin 196 1, pl. 48, fig. 24. Age: lAte Devonian. 

Remarks: This rather broad taxon has a spherical to subspherical vesicle with relatively sparsely 
distributed processes that branch distally in a ramusculose, fashion. Multiplicisphaeridium lobanum 

has a smaller vesicle with more complex and more densely ramusculose distal terminations to the 

processes. Mukiplicisphaeridiumfisheri has a less regular vesicle shape which reflects the thinner 

vesicle wall of that species. 

Multiplicisphaeridium cf. ramispinosum Staplin 1961. 

Plate 42, figs. 4,7,8 & 9. 

Holotype: Staplin 196 1, pl. 48, fig. 24. Age: lAte Devonian. 

Remarks: Compare with Staplin 1961, p. 41 1, pl. 48, fig. 24. Tle poorly preserved specimens included 

here have less complex distal terminations than the holotype of M. ramispinosum. 

Multiplicisphaeridium raspum (Cramer) Eisenack, Cramer & Diez 1973. 

Plate 130, fig. 3; P1.140, figs. 3 & 4; pl. 150, fig. 2; pi. 154, fig. 4; pi. 165, fig. S. 

Description: Cramer 1964, p. 301, pl. 4, figs. 1-6 & 11. 

Holotype: Cmmer 1964, pl. 4, fig. 1. Age: Middle Siegenian-Emsian. 

Remarks: This species rather conveniently accommodates forms which have a morphology that is 

transitional between Ammonidium? alloiteauii, which has shorter, less complex processes, and 
Mulliplicisphaeridiwn ramispinosum, which has longer, more complex processes. The morphological 

variation observed here within M. raspum is almost identical to that represented by Cramer (1964) of 
the specimens from the type locality. 
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Multiplicisphaeridium nuticum? Martin 1973. 

Plate 42, figs. 10,11 & 12. 

Description: Martin 1973, p. 11-12, pl. 1, figs. 28,29,32; pl. 4, fig. 131; pl. 5, figs-150-153,156,163, 

166,169 & 170. 

Holotype: Martin 1973, pl. 5, figs. 150,156 & 166. Age: Early Uandovery. 

Remarks: The specimens assigned here are rather poorly preserved. 

Mukiplicisphaeridium variabik (Lister) Doming 19 8 1. 

Plate 108, figs. 6-9; pl. 116, figs. 1,2 & 3. 

Description: Lister 1970, p. 87-88, pl. 11, figs. 4-7,9 & 10, text-figs. 25d & 26c. 

Holotype: Lister 1970, pl. 11, fig. 10. Age: Ludlow. 

Remarks: Specimens included here have a small central vesicle (16-24um in diameter) with processes 
that branch in a ramusculose manner. Branching occurs in the distal half of the process, upto the fourth 

order. 

Mulliplicisphaeridiwn cfi saharicum Lister 1970. 

Plate 86, figs. 5 & 6; pl. 108, fig. 5. 

Holotype: Lister 1970, pl. 12, fig. 4. Age: Ludlow. 

Remarks: Compare with Lister 1970, p. 94, pl. 12, figs. 2,3 & 4. Specimens recorded here have a 
thicker wall (ca. 2um thick) than in the type material which was described by Lister from the Welsh 
Borderlands. 

T'his species appears superficially similar to Cymbosphaeridium carinioswn. However, the two species 
differ by way of their wall structures, C. cariniosum having two wall layers, Muhiplicisphaeridium cf. 
saharicum having a single thick layer. Multiplicisphaeridium raspwn (Cramer) Eisenack, Cramer & 
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Diez 1973 is also morphologically similar but differs in the processes being of greater length and being 

greater in number. 

Mulliplicisphaeridium sp. 1. 

Plate 108, figs. 10,11 & 12. 

Synonomy: 197 1, Multiplicisphaeridiwn arbusculiferum, De-unff, Lefort & Paris, p. 11. 

Description: Acanthomorphic acritarchs which have a subspherical central body measuring between 

3545UM in maximum diameter. There are approximately 10-15 slender processes which are upto, 
35um in length. The process bases are upto, 7um wide and the shafts taper distally to branched distal 

terminations. Branching occurs in the distal two thirds of the processes. Branching is ramusculose, 

upto the 4th order. The process to central body ratio is approximately 3: 4. The wall is composed of a 

single layer and the processes communicate freely with the central body. The wall is smooth to slightly 

granulose on the surface. No regular form of opening is apparent. 

Remarks: This form appears to be identical to the specimens described as Multiplicisphaeridiwn 

arbusculiferum (Downie) by Deunff, Lefort & Paris 1971, from the late Ludlow of France. 

Comparison with the holotype of M. arbusculiferum (now Leptobrachion arbusculiferum [Downie] 

Doming 1981) shows that Deunff, Paris & Lefort (1971) incorrectly assigned the specimens they 

illustrated to this species, in the opinion of the present author. 

Multiplicisphaeridium? sp. 2. 

Plate 165, figs. 7,10,11 & 12. 

Description: Acanthomorphic acritarchs which have a polygonal central body measuring between 23- 

35um in maximum diameter. There are approximately 10-20 slender processes which are upto 20um in 

length. The process bases are upto 4um wide and the shafts taper distally to branched distal 

terminations. Branching occurs in the distal half of the processes. Branching is ramusculose, upto, the 
4th order. The process to central body ratio is approximately 4: 5. The wall appears to be composed of 

a single layer but the nature of communication between the processes and the central body is not clear 
from the specimens observed. The wall is smooth on the surface. No regular form of opening is 

apparent. 

Remarks: This acanthomorphic form with a polygonal central body is not typical of forms included in 

the genus Multiplicisphaer0um, hence the questioned assignation. The wall relationship between the 
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processes and the central body is not clear in the thermally altered specimens observed, some specimens 

appear to have solid processes and some don't. This form appears to be comparable to Dateriocradus 

sp. B of Playford 1977 which he described from the Devonian of Ontario. 

Genus Muraticavia Wicander 1974. 

Type species: MuraticaWa enteichia Wicander 1974. 

Generic description: Wicander 1974, p. 14. 

Remarks: MuraticaWa differs from PolyedrYxium in lacking serrated edges and projections from the 

vesicle. 

MuraticaWa sp. 1. 

Plate 185, figs. 7-1 1; pl. 188, fig. 9; pl. 196, figs. 2 & 3. 

Description: Acritarchs with an apparently disc or flattened star shaped central body reinforced with 

thickened ribs that radiate from the poles of the vesicle to the equator. The ribs number between six 

and ten and commonly extend beyond the equator to support a membranous fringe. The total diameter 

of the vesicle ranges between 39-53um. No regular form of opening is apparent. 

Remarks: These morphologically distinct palynomorphs show a considerable range of morphology. 

Study of larger populations may justify the proposal of several species within the range of morphology 

illustrated here. Other species in the genus from the Middle to Late Devonian include the type species 
M. enteichia Wicander 1974 and M. munifica Wicander & Wood 198 1. Both of these species have a 

more spherical outline to the vesicle which is divided into pentagonal fields as opposed to the pseudo- 

triangular fields of MuraticaWa sp. 1. 

Genus Nav(fusa Combaz el al. 1967 ex Eisenack 1976. 

Type species: NaWfiaa naWs (Eisenack) Eisenack 1976. 

Generic description: Combaz et al. 1967, p. 293. 

Remarks: Included here are fusiform acritarch species with rounded poles. The genus Leiofiua has 

accuminate tips at each pole of the vesicle. 
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Navifusa bacilla (Deunff) Playford 1977. 

Plate 154, fig. 9; pl. 166, figs. 6 & 7. 

Description: Deunff 1955, p. 148, pl. 4, fig. 2. 

Holotype: Deunff 1955, pl-4, fig. 2. Age: Middle Devonian. 

Remarks: Included here are cigar-shaped acritarchs with a smooth vesicle wall. This species has a 

more elongate vesicle form than N. minuta. 

NaWfusa minuta (Deunff) Eisenack, Cramer & Diez 1979. 

Plate 154, figs. 5 & 7; pl. 183, fig. 3. 

Description: Deunff 1955, p. 148, pl. 4, fig. 5. 

Holotype: Deunff 1955, pl. 4, fig. 5. Age: Middle Devonian. 

Remarks: Specimens here are fusiform in shape with rounded poles. They differ from N. bacilla in 

having a broader, more squat vesicle shape. 

Genus Neoveryhachium Cramer 1970. 

Type species: Neoveryhachium canninae (Cramer) Cramer 1970. 

Generic description: Cramer l970, p. 110-112. 

Remarks: Neoveqhachium is distinguished from the genus Veqhachium by the presence of rectangular 

striations on the vesicle. Species of Veryhachium have a smooth vesicle wall. 
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Neovwyhachium caminae (Cramer) Cramer 1970. 

Plate 96, fig. 8. 

I 
Description: Cramer 1964, p-307,309, pl. 14, fig. 16, pl. 16, figs. 1-3, text-fig. 28, no. l. 

Holotype: Cramer 1964, pl. 16, fig. 1. Age: Ludlow-early Gedinnian. 

Remarks: Neow? yhachium carminae is a relatively small species of Neoveryhachium with four 

processes positioned at the apices of the quadrate vesicle. A fifth process may be present. 
Neovvyhachium mayhilknse Doming 1981 is larger in size. 

Genus OnondageHa Crwner 1966 

Type species: Onon-dagella arymmetfica (Deunff) Cramer 1966. 

Generic description: Cramer 1966, p. 86-87. 

Remarks: Ile genus Onondagella is distinguished from Veryhachium by possessing three sturdy - 

processes, one of which is commonly broader. This broader process houses the opening to the vesicle 

which is by means of an epibystra. The genus Triangulina differs by having a double layered wall with 

a cavation between the wall layers at the apices of the three sided vesicle. 

Onondagella asymmetrica (Deunff " Deunfo Cramer 1966. 

Plate 154, fig. 11; pl. 155, figs. I&2; pl. 166, figs. 3,5 & 8. 

I)mription: Deunff 1961, p-217. 

Holotype: Deunff 1954, fig. 15. Age: Devonian. 

Remarks: Onondagella asymmetrica is distinguished by the pointed distal terminations of the 

processes. Specimens included here are almost identical to those recorded from the La Vid Shales 

(Emsian-lower Couvinian) of Leon, Spain by Cramer & Diez (1976). 
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Onondagella deunffli Cramer 1966 

Plate 78, fig. 11; pl. 86, figs. 9,10 & 11; pl. 87, figs. 1 & 2; PI-109, figs-I & 2; pl. 122, fig. 7; 

pl. 130, figs. 8& 12; pl. 140, fig. 5. 

Description: Cramer 1966, p. 87-88, pl. 2, figs. 12 & 13, text-fig. 2 (16). 

Holotype: Cramer 1966, pl. 2,13. Age: ? Ludlow-? Gedinnian. 

Remarks: Onondagella arymmetrica differs from 0. deuqffii by possessing sharp, as opposed to blunt, 

process tips. 

Onondagella sp. 1. 

Plate 140, figs. 6-9. 

synonomy: 1986, Pulvenosphaeridium sp., Al-Ameri, pl. 1, fig. 6. 

Description: A species of Onon-dagella with a rounded-triangular shaped vesicle. The vesicle has a 

maximum diameter of between 60-85um. One of the apices of the vesicle houses an epibystra which 
forms the opening to the vesicle. Ile other two apices have a rounded morphology. The wall of the 

vesicle is thick (> lum) and appears to be smooth. 

Remarks: This species of Onondagella can be differentiated from other species in the genus by the 

much reduced apices not housing the epibystra. Both 0. deuniffli and 0. asymmetrica posses processes 

at these positions. 

An identical morphotype to Onondagella sp. 1, recovered from the Lower Devonian of North Africa, 

was assigned to the genus PuMnosphaeridium by Al-Ameri 1986. The presence of an epibystra 

suggests that this form is better accommodated in Onondagella. 

Genus Oppilatala Loeblich & Wicander 1976. 

Type species: Oppilatala vulgaris Loeblich & Wicander 1976. 

Generic description: Loeblich & Wicander 1976, p. 19. 
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Remarks: The genus Multiplicisphaerldium differs from Oppilatala in lacking proximal plugs at the 
base of the processes. 7be genus Cymbosphaeridium opens by means of a pylorne which differs from 

the simple rupture style of opening in Oppilatala. 7be genus Dateriocradus differs from Oppilatala in 

possessing a three sided central body. 

Oppilatala eoplanlaonica (Eisenack) Doming 1981. 

Plate 87, figs. 3&6. 

Description: Eisenack 1955, p. 178-179, pl. 4, fig. 14. 

Holotype: Eisenack 1955, pl. 4, fig. 14. Age: Late Ludlow. 

Remarks: Oppilatala ramusculosa (Deflandre) Doming 1981 has a higher central body diameter to 

process length ratio and a greater depth of furcation of the processes than 0. eoplan1donica. 
Dateriocradus monterossae differs by having a three sided central body. Useful comparative 
illustrations of these morphologically similar species is given by Cramer 1970, p. 125, text-fig. 39. 

Oppilatala insolita (Cramer & Diez) Doming 1981 appears to be of identical morphology to 0. 

eoplanktonica and may well be a junior synonym. 

OppiWala eoplaniaonica-ramusculosa Complex. 

Plate 73, figs. 3,4 & 6. 

Remarks: Specimens assigned here are poorly preserved forms with the same general morphology as 

the 0. eoplanktonica-0. ramosculosa complex of morphotypes (see Cramer 1970, p. 125, text-fig. 39a 

& b). Specimens are too poorly preserved to be assigned to one of these two species. 

Oppilatal0frondis (Cramer & Diez) Doming 1981. 

Plate 64, figs. 2,3,5 & 7. 

Description: Cramer & Diez 1972, p. 152, pl. 32, figs. IS & 19. 

Holotype: Cmmer & Diez 1972, pl. 32, fig. 19. 
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Remarks: Priewalder (1987, p. 47) questioned the assignment of this species to the genus Oppilatala. 

In the present material, the presence or absence of plugs at the base of the processes, this being the 

feature that distinguishes Oppilatala species from Multiplicisphaeridium species, is questionable. 
Oppilatala eoplanA: tonica and 0. ramusculosa both have longer and fewer processes than 091firondis. 

Multiplicisphaeridium cladum (Downie) Eisenack 1969 differs by possessing processes with broad 

bases that taper distally. 

Genus Ordovicidium Tappan & IA)eblich 1971. 

Type species: Ordoviddium ekgantulum Tappan & Loeblich 1971. 

Generic description: Loeblich & Tappan 1971, p. 398. 

Remarks: The genus Peteinosphaeridium differs by having vela ornamenting the process shafts. 

Multiplicisphaeridium differs by having processes that communicate freely with the central body. 

OrdoWcidium cf. heteromorphicum (Kjellstrom) LAxblich & Tappan 1978. 

Plate 20, figs. 1,2 & 3. 

Holotype: Kjellstrom 1971a, pl. 4, fig. 2. Age: Middle Ordovician. 

Remarks: Compare with Kjellstrom 1971a, p. 53, pl. 4, fig. 2. Specimens observed here are smaller than 

0. heteromorphicum (central body 25-40um compared to 67-76um in the type material). 

Genus Otygmahapsis Colbath 1987. 

Type species: Orygmahapsisfistulosa (Colbath) Colbath 1987. 

Generic description: Colbath 1987, p. 66. 

Remarks: Orygmahapsis differs from the genera Dictyoddium, Melikeriopalla and Alveosphaera in 

possessing a pseudopore in the centre of each field. 
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Orygmahapsisfistulosa (Colbath) Colbath 1987. 

Plate 109, figs. 6,7 & 8; pl. 116, fig. 4. 

Dewription: Colbath 1983, p. 259, figs. 34-36. 

HoloqW: Colbath 1983, figs. 35 & 36. Age: Silurian. 

Remarks. O? ygmahqpsisjUtuIosa has a considerably greater number of fields than the only other 

species in the genus at the present time, 0. magnata. 

Genus Ozolobrachion Loeblich & Drugg 1968. 

Type species: Ozotobrachion palidodigitatus (Cramer) Playford 1977. 

Generic description: Loeblich & Drugg 1968, p. 130. 

Remarks: This genus differs from Ve? yhachiwn in having processes that do not communicate with the 

central body. 7be processes in species of Ozotobrachion are tabular in form and may be open distally. 

The genus Triangulina has processes that taper distally to a simple tip. 

Ozotobrachionfurcillatus (Deunfo Playford 1977. 

Plate 140, figs. 10,11 & 12; pl. 155, fig. 3; pl. 166, figs. 1&2. 

Description: Deunff 1955, p. 146, fig. 18. 

Holotype: Deunff 1955, fig. 18. Age: Middle Devonian. 

Remarks: Ozotobrachion palidodigitatus (Cramer) Playford 1977 differs in possessing a triangular 

shaped vesicle with fewer and broader processes than 0. furcillatus. 

Ozotobrachion palidodigitatus (Cramer) Playford 1977. 

Plate 109, fig. 3?; pl. 130, fig. 6; pl. 141, figs. I&2; pl. 150, fig. 4. 

Description: Cramer 1966, p. 247, pl. 1, fig. 8, text-fig. 3, no. 5. 
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Holotype: Cramer 1966, pl. 1, fig. 8. Age: Gedinnian-Emsian. 

Remarks: Ozotobrachion dactylos Loeblich & Drugg 1968, described from the Late Gedinnian of 
Oklahoma, USA is considered to be a junior synonym of 0. palidodigitatus (Fensome et aL 1990). 

Ozotobrachion dicros Loeblich & Drugg 1968 has longer and more slender processes than 0. 

palidodigitatus that taper to closed distal terminations. 

Genus Palacanthus Wicander 1974. 

Type species: Palacanthus aculus Wicander 1974. 

Generic description: Wicander 1974, p. 30. 

Palacanthus tripus Martin 1984. 

Plate 175, fig. 7; pl. 183, fig. 1. 

Description: Martin 1984b, p. 27, pl. 5, figs. 6,7 & 9. 

Holotype: Martin 1984b, pl. 5, figs. 6. Age: Early Famennian. 

Remarks: A comparable species is Veryhachium trispininjUtum Cramer 1964 which has a similar 

vesicle shape. Palacanthus tripus however differs in possessing a microechinate ornamentation. 

Genus Peteinosphaeridium Staplin, Jansonius & Pocock 1965 emend. Eisenack 1969. 

Type species: Peteinosphaeridium trifurcatum Staplin, lansonius & Pocock 1965. 

Remarks: The genus Peteinosphaeridiwn is differentiated from the genus Ordovicidium by the presence 

of vela on the process shafts. 
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Peteinosphaeridium cruzianum Vavrdova 1990. 

Plate 20, figs. 4 & 5. 

Description: Vavrdova 1990, p. 246-247, pl. IV, fig. 6; text-fig. 7. 

Holotype: Vayrdova 1990, pl. IV, fig. 6. Age: Late Arenig. 

Remarks: Specimens recorded here are fragmentary but the distinctive short vellate processes present 

enable the assignment to this species. 

Peteinosphaeridium sp. 

Plate 20, figs. 6-1 1; pl. 43, fig. 2. 

Remarks: Eight poorly preserved specimens of this taxon have been recorded. Specimens have a 

subspherical central body of approximately 40-50um. The processes are upto 18um in length with 
branched distal terminations. Vela are present on the shafts of the processes, which are approximately 

2um wide and runs the entire length of process shaft. 

Genus Pirea Vavrdova 1972. 

Type species: Pirea dubia Vavrdova 1972. 

Generic description: Vavrdova 1972, p. 82. 

Pirea colliformis complex. 

Plate 2 1, figs. I&2. 

Remarks: Burmann. (1970) described nine species in the genus Deunffia which have subsequently been 

transferred to the genus Pirea by Eisenack, Cramer & Diez 1976. This group of morphotypes appear 

to have been 'over-split' at species level resulting in there being considerable scope for synonomy. 
Ilere are four easily recognisable morphological groups of the published species within the genus that 

are as follows: 
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1. Pirea colliformis complex. This complex includes forms with a more or less smooth wall and a 

prominent horn (or process) with a blunt termination. T'he horn occupies greater than 1\5 the length of 
the body. 

The published species included in this complex are Pirea colliformis (Burmann) Eisenack, Cramer & 

Diez 1976, P. lagenaria (Burmann) Eisenack, Cramer & Diez 1976, P. inflata (Burmann) Eisenack, 

Cramer & Diez 1976 and P. transitoria (Burmann) Eisenack, Cramer & Diez 1976. 

2. Pirea capitata complex. This complex includes forms with a more or less smooth wall and a short, 

stubby apical horn that occupies less than 1\5 the length of the body. 

The published species included in this complex are Pirea capitata (Burmann) Eisenack, Cramer & Diez 

1976 and P. capitulifera (Burmann) Eisenack, Cramer & Diez 1976. 

3. Pirea ornata (Burmann) Eisenack, Cramer & Diez 1976. This species includes forms with an 

spiculate omament. 

4. Pirea nervata (Bunnann) Eisenack, Cramer & Diez 1976. This species has a horn of moderate 

length (approximately 1\5 the length the central body) with fine parallel ribs oriented longitudinally at 

the base of the process. Burmann (1970) illustrated P. inflwa as having ribs at the base of the neck but 

they are not mentioned in the description (p. 321). 

Genus Polyedryxium Deunff 19S4 onend. Deunff 1971. 

Type species: PoWryxium deflandrei Deunff 1954 ex Deunff 197 1. 

Generic description: Deunff 197 1, p. 17. 

Polyedryxium evolutum Deunff 1955. 

Plate 155, figs-5,8 & 11; pl. 167, figs. 1,2 & 3. 

DescriPtiOn: Deunff 1955, p. 147, pl. 4, fig. 7. 

Holovipe: Deunff 1955, pl. 4, fig. 7. Age: Middle Devonian. 

Remarks: This distinctive species of PolyedrYxiwn is distinguished by the numerous, short, denticulate 

processes. 
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Polye, dryxiumftagulosum Playford 1977. 

Plate 155, fig. 4; pl. 175, figs. 1,2 & 3. 

Description: Playford 1977, p. 34, pl. 16, figs. 8-14. 

Holotype: Playford 1977, pl. 16, figs. 8. Age: Emsian. 

Remarks: This species of PoWryxiwn can be distinguished by the three sided outline of the vesicle. 

Polye, dryxium pharoane Deunff 1954 ex Deunff 196 1. 

Plate 155, fig. 7&9; pl. 167, figs. 4&5; pl. 175, fig. 3; pl. 194, figs. 1,2&4. 

Description: Deunff 1961, p. 217. 

Holotype: Deunff 1954, fig. 13. Age: Couvinian (Devonian). 

Renlarks: Eisenackidium martensianum Stockmans & Williere 1969 and Senziella incurvata Stockmans 

& Williere 1969 are considered to be junior synonYms of this species (Lu Lichang & Wicander 1988). 

Genus Polygonium Vavrdova 1966. 

Type species: Polygonium gracile Vavrdova 1966. 

Generic description: Vavrdova 1966b, p. 412-413. 

Remarks: Species included in the genus Polygonium have a polygonal, well defined central body, 

simple processes and a smooth or scabrate wall. Micrhystridium encompasses forms with a well 

defined, round to ovate central body. Goniosphaeridium has conical processes whose bases merge to 

form a poorly defined central body (i. e. the shape of the central body is dictated by the shape of the 

process bases). Stellichinitum and Uncinisphaera both have an ornament of echinae. 
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Poýygonium gracile Vavrdova 1966. 

Plate 6, figs. 8,9,10 - 13; pl. 21, figs. 3-13; pl. 32, fig. 10. 

Description: Vavrdova 1966b, p. 413-414, pl. 1, fig. 3; pl. 3, fig. 1, text-figs. 3b & 4b. 

Holotype: Vavrdova 1966b, pl. 1, fig. 3, text fig. 3b (non pl. 2, fig. 3). Age: Arenig. 

Remarks: There is considerable variety in the morphology of the specimens that can be assigned to this 

rather broad species. Poor preservation of the specimens observed here prohibit the legitimate splitting 

of this species at the subspecies level. 

Polygonium sp. 1. 

Plate 6, figs. 4 & 5. 

Description: Acanthomorphic acritarchs which have a large subpolygonal central body. The body has 

a maximum diameter ranging between 57-65um. The processes are slender and rather flexible. The 

width at the process bases is approximately 2um tapering distally to accuminate tips. Process length 

ranges between 15-20um and the process length to Central body diameter is approximately 1: 3. The 

wall is relatively thick and black in colour in the material observed. No ornament is discernible on the 

vesicle and no regular form of opening is apparent. 

Remarks: This species is conspicuous by its large size, flexible processes and subpolygonal. central 

body. 

Polygonium? sp. 2. 

Plate 6, figs. 6 & 7. 

Description: Acanthomorphic acritarchs which have a polygonal-subpolygonal central body. The body 

has a maximum diameter ranging between 18-25um. There are approximately 60 processes present 

which are slender and rather flexible. The width at the process bases varies between 2-5um and they 

taper distally to swollen, rounded tips of upto 2um in diameter. The process length ranges between 6- 

1 lum and the process length to central body diameter is approximately 1: 3. The wall is relatively 

thick. No ornament is discernible on the vesicle and no regular form of opening has been observed. 
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Remarks: The swollen tips of the processes are the most diagnostic feature of this Won. It is 

questionably assigned to the genus Polygoniwn as the central body of some of the specimens are only 

slightly polygonal. 

A morphologically similar form is the unpublished "Archaeohistrichosphaeridiwn sp. A* Rasul 1971 

(unpublished Ph. D. thesis, University of Sheffield) which was described from the Tremadoc of 
Shropshire, England. Baltisphaeridium claWcinctum W. Wetzel 1967, B. flagellicum Kjellstrom 1971 

and B. perpaucispinum Kjellst rom 1971 all have similarly swollen process tips. However, the wall 

relationship is different in these forms which is reflected by the more rounded central body of these 

species. 

Genus Pratulasphaern Wicander & Playford 1985. 

Type species: Pratulasphaera novacula Wicander & Playford 1985. 

Generic description: Wicander&Playfordl985, p. 114-115. 

Pratulasphaera novacula Wicander & Playford 1985. 

Plate 176, figs. I&2. 

Description: Wicander & Playford 1985, p. 115, pl. 5, figs. 8-13. 

Holotype: Wicander & Playford 1985, pl. 5, figs. 8. Age: Fmsnian. 

Remarks: The blade-like processes protruding from the spherical central body are the distinguishing 

feature. of this species. 

Genus Quadn? dftum Cramer 1964. 

Type species: Quaraditwnfantasticum Cmmer 1964. 

Generic description: Cramr 1964, p. 333. 

Remarks: This genus includes species with a flattened, quadrate inner body enclosed by an outer 

membrane which is attached at the apices of the inner body. 7be outer membrane is rarely fully 
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preserved. The genus Duvemaysphaera differs from Quadraditum in having a discoid, as opposed to a 

quadrate, central body. 

Quadraditwnfantasticum Cramer 1964. 

Plate 87, fig. 8; pl. 130, figs. 7,9,10 & 11; pl. 14 1, fig. 8. 

Synonomy: 1976, Duwrnaysphaera oa, Loeblich & Wicander, p. 28, pl. 9, figs. 10 & 11. 

Description: Cramer 1964, p. 334, pl. 14, figs. 3 & 4, text-fig. 37, nos. 1-3. 

Holotype: Cramer 1964, pl. 14, fig-3. Age: Ludlow-early Gedinnian. 

Remarks: Duvernaysphaera oa Loeblich & Wicander 1976 appears to be identical to Q. fantasticum 

from the descriptions and illustrations given by the respective authors. Quadraditumfantasticum is the 

name used here as it is the senior. 

Quaraditum inciswn Cramer 1964 has an X-shaped central body as opposed to the quadrangular 

central body of A fantasticum. Quadraditum scutifemm Deunff 1966 has shorter and broader 

processes at the apices of the central body. 

Quadraditum scutiferum Deunff 1966. 

Plate 109, fig. 9; pl. 122, figs. 3 & 6. 

Description: Deunff 1966, p. 24, fig. 3. 

Holotype: Deunff 1966, fig. 3,. Age: Devonian. 

Re , Marks: This species of Quadraditum has capitate process terminations surmounted by 'umbrella- 

shaped' vela. 

Genus Quadtispodles Henelly 1958, onend. Potonie & Lele M. 

Generic description: Potonie & Lele 1961, p. 33. 
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Quadrisporites cf. acanthifer Cramer & Diez 1976. 

Plate 184, fig. 9. 

Holotype: Cramer & Diez 1976, pl. 7, fig. 77. Age: Emsian. 

Remarks: Compare with Cramer & Diez 1976, p. 92, pl. 7, fig. 77. The single specimen recorded in the 

present study is larger in size than Q. acanthifer (20-30um) Measuring 47um in maximum length. The 

specimen observed here is otherwise identical in morphology to Q. acanthifer. 

Genus Quisqufflies Wilson & Urban 1963, emend Wilson & Urban 1971. 

Type species: Quisquilites buckhomensis Wilson & Urban 1963. 

Generic description: Wilson & Urban 1971, p. 240.. 

Renjarks: The genus NaWfiua differs in having a linear long axis to the vesicle as opposed to the bean 

shaped vesicle of Quisquilites. The genus Pseudolunulida differs in possessing a sculptured vesicle 

wall. 

Quisquilites buckhomensis Wilson & Urban 1963. 

Plate 175, fig. 1. 

Synonomy: 1967, NaWfusa bacilla forma cresentis, Combaz 

et al, p. 299, pl. 1, figs. G & M, text-fig. 1. 

Dwription: Wilson & Urban 1963,18 & 19, pl. 1, figs. 1-12. 

Holotype: Wilson & Urban 1963,18 & 19, pl. 1, fig. 1. Age: Late Devonian. 

Remarks' The single specimen of this taxon recorded here has a strongly curved vesicle. 

pseudulunulida imperatrizensis Brito & Santos 1965 has a similarly shaped vesicle but differs in 

possessing a sculptures vesicle wall - 
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Genus Salopidium Doming 1981. 

Type species: Salopidium granuliferwn (Downie) Doming 198 1. 

Generic description: Doming 1981, p. 198. 

Remarks: The species included in Salopidium have a subspherical, foveolate central body and simple 
processes that communicate freely with the central vesicle. The genera Multiplicisphaeridium, 

Ammonidium and Percultisphaera differ from Salopidium by possessing branched processes. 
BaltisphaerOwn differs by possessing proximal plugs to the processes and Micrhystridium differs in 
having a smooth central body. 

cf. Salopidium woolhopensis Doming 1981. 

Plate 64, figs. 4 & 6. 

Holotype: Doming 198 1, pl. 1, fig. 14. Age: Wenlock. 

Remarks: Compare with Doming 1981, P. 199, Pl. 1, fig. 14.7lie poorly preserved specimens included 

here have the same aimensions, number of processes and process distribution as the holotype but 

evidence of the sculptural detail on the central body is lacking. 

Genus SoUsphaeriftm Staplin, jansonjus & Pocock 1%5 anend. Sarjeant 1968. 

Type species: Solisphaeridium simuliferwn (Deflandre) Pocock 1972. 

Generic description: Staplin, Jansonius & Pocock 1965, p. 183-184; Sadeant 1968, p. 222. 

Solisphaeridium solidispinosum Cramer & Diez 1977. 

Plate 22, fig. 1. 

Description: Cramer & Diez 1977a, p. 352, pl. 2, figs. 15,17-19. 

Holotype: Cramer & Diez 1977a, pl. 2, fig. 15. Age: Early Arenig. 
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Remarks: From the description and illustrations of Cramer & Diez (1977), it would appear that the 

morphology of S. solidispinosum grades into that of S. solare Cramer & Diez 1977, the former having 

shorter and broader processes. Specimens observed here have processes that are at the larger end of the 

sprocess; length spectrum' for the species S. sohdispinoswn. 

Solisphaerldium sp. 1. 

Plate 7, figs. I&2; pl. 22, figs. 2 & 3. 

Description: Acanthomorphic acritarchs which have a spherical-subpolygonal central body. The body 

has a very thin wall (< lum) and measures between 26-33um in maximum diameter. Processes are 

solid and slender, tapering gradually to accuminate distal tips. They measure 1-2um wide at the base 

and 9-13um. in length. The process to central body ratio is approximately 1: 3.7be processes are solid 

and the surface of the wall is smooth. No regular form of opening is apparent. 

Remarks: Other species of Solisphaeridium described from the Ordovician include the following: S. 

solidispinoswn Cramer & Diez 1977 which has shorter, broader processes; S. solare Cramer & Diez 

1977 which has processes of similar length that are broader, and S. lucidum (Deunfo Turner 1985 

which has a very similar process morphology but they are markedly fewer in number. Solisphaeridiwn 

nanum (Deflandre) Turner 1985 described from the Silurian is also similar but has slightly shorter 

processes which are described as being not completely solid. Solisphaeridium sp. 2 has fewer and 

shorter processes and is noticeably smaller in size. 

Solisphaerldium sp. 2. 

Plate 7, figs. 3&4. 

Description: Acanthomorphic acritarchs which have a spherical central body. 7be body has a very thin 

wall (< jum) and measures between 22-25um in maximum diameter. Processes are solid and relatively 

rigid. 7bey memure 2-3um in width at the base and taper distally to accuminate tips. 7be length 

ranges between 8-10um. The process to central body ratio is approximately 1: 2.5.7be processes are 

solid and the surface of the wall is smooth. No regular form of opening is apparent. 

Remarks: Solisphaeridium sp. I has longer and a greater number of processes and is noticeably larger 

in size. Solisphaeridium nanun (Deflandre) Turner 1984 is the most comparable species. Process 

length, size and distribution is very similar but the processes of S. nanum are described as having a 
degree of cavation in contrast to the solid processes of Solisphaeridiwn sp. 2. 
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Genus SteUechinatum Turner 1984. 

Type species: Stellechinawn cekstwn (Martin) Turner 1984. 

Generic description: Turner 1984, p. 137. 

Remarks: Comparable genera include Uncinisphaera Wicander 1974 and Polygoniwn. The former has 

a similar echinate, ornamentation of the wall as Stellichinatum but differs in possessing a more rounded 

central body. Polygonium does possess a similarly shaped vesicle, however, this genus differs in 

having a smooth or granulate vesicle wall in contrast with the echinate wall of Stellichinatwn. 

Stellechinatum helosum Tumer 1984. 

Plate 22, figs. 4,5 & 6. 

Description: Turner 1984, p. 139, pl. 14, figs. 5 & 8. 

Holotype: Tumer 1984, pl. 14, fig. 5. Age: Camdoc. 

Remarks: Specimens recorded in the present study accord well with the description and illustration of 

the type material. 

Stelkchinatum sp. 1. 

Plate 7, figs. 5 & 6. 

Description: Acanthomorphic acritarchs with a polygonal-subpolygonal central body which measures 

3745um maximum diameter. The processes are of moderate length and are slender measuring upto 

15um long and 4um. wide at the base. Ile process terminations are simple. The ratio of process length 

to body width is approximately 1: 3. The wall is composed of a single wall layer and the processes 

appear to communicate freely with the central body. The wall of the processes is ornamented with short 

(< 3um), fine, hair-like echinae. There appears to be no ornamentation on the central body and no 

regular form of opening is apparent. 

Remarks: Stellichinitwn helosum has longer processes and coarser ornamentation than SIellichinatwn 

sp. 1. Stellichinatum sp. 2 also has a more coarse ornamentation than this species. 
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Stellechinatwn sp. 2. 

Plate 7, figs. 7 & 8. 

Description: Acanthomorphic acritarchs with a subpolygonal central body which measures 39-47um 

maximum diameter. The processes are of moderate length, ca. 15um, slender and have simple distal 

terminations. The ratio of process length to body width is approximately 1: 3. The wall is composed of 

a single wall layer and the processes communicate freely with the central body. Ile wall is ornamented 

with evenly spaced grana (ca. lum diameter) and rare echinae. The ornament appears to be most 

prominent on the process stems and at the process bases. No regular opening is apparent. 

Remarks: This form has an ornamentation of the wall dominated by grana with occasional echinae 

present. This contrasts with the dominance of the hair4ike echinate ornamentation of Stellichinatum 

sp. 1 and Stellichinatum sp. 3 described herein. 

Stellechinatum sp. 3. 

Plate 7, fig. 9. 

Description: Acanthomorphic; acritarchs which have a strongly polygonal central body of 26-37um. 

maximum diameter. The processes are long and slender measuring upto, 18um long and 4um, wide at 

the base and they have simple terminations. ilie process to central body ratio is approximately 2: 3. 

The wall is composed of a single layer and the processes appear to communicate freely with the central 

body. The wall of the processes is ornamented with short (< 3um long) hair-like echinae but there 

appears to be no ornament on the central body. No regular form of opening is apparent. 

Remarks: Stellichinatwn sp. 3 has longer processes relative to the width of the central body than 

Stellichinatum sp. 1. In addition, the former differs in lacking ornamentation on the central body. 

Genus StefflferOum Deunff, Gorka & Rauscher 1974. 

Type species: Stelliferidium striatulum (Vavrdova) Deunff, Gorka & Rauscher 1974. 

Generic description: Deunff, Gorka & Rauscher 1974, p. 13. 

Remarks: The author follows the intexpretation of Molyneux & Rushton 1988 Of this genus (p. 57,4th 

paragraph). 
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Stelliferidium corlinulum (Deunff) Deunff, Gorka & Rauscher 1974. 

Plate 8, figs. 4,7,8 & 9; pl. 22, fig. 7. 

Synonomy: 1988, Stelliferidium barbarum, Elaouad-Debbaj. 

Description: Deunff 1961a, p. 41, pl. 1, figs. 8 & 10; Deunff, Gorka & Rauscher 1974, p. 14. 

Holotype: Deunff 196 1, pl. 1, fig. 8. Age: Tremadoc. 

Remarks: This species of Stelliferidium is characterised by the relatively broad processes with 

multifurcate terminations. 

Stelliferidiwn pseudoomatum Pittau 1985. 

Plate 9, figs. 1,2 & 3. 

Description: Pittau 1985, p. 195-196, pl. 8, figs. 11-12, text-fig. 24. 

Holotype: Pittau 1985, pl. 8, fig. 11. Age: Tremadoc-Late Arenig. 

Remarks: The contention of Tongiorgi in Bagnoli, Stouge & Tongiorgi 1988 (P. 201), upheld by 

Fensome et al. 1990 (p. 460) that this species is a junior synonym of Caldariola (then Priscogalae) 

glabra (Martin) Molyneux & Rushton 1988 is rejected here. The illustrations and description of the 

type material clearly indicates ornamentation at the base of the processes on the vesicle. 71e processes, 

with the associated radial ornamentation, are absent in C glabra. 

Stelliferidium simpkx (Deunff) Deunff, Gorka & Rauscher 1974. 

Plate 8, fig. 3. 

Description: Deunff 1961a, p. 41, pl. 1, fig-9. 

HoloqW: Deunff 1961a, pl. 1, fig-9. Age: Tremadoc. 
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Remarks: Included here are forms with short processes (< 5um in length) with accuminate and capitate 
distal terminations. 

Stelliferidiwn cf. simpkx (Deunff) Deunff, Gorka & Rauscher 1974. 

Plate 8, fig. 5. 

Holotype: Deunff 1961a, pl. 1, fig. 9. Age: Tremadoc. 

Remarks: Compare with Deunff 1961a, p. 41, pl. 1, fig. g. Specimens here have longer processes (8- 

loum) than in the type material (ca. 5um). Included here are forms with processes greater than 5um in 

length with accuminate and capitate distal terminations. 

Stelliferidium striatulum (Vavrdova) Deunff, Gorka & Raucher 1974. 

Plate 8, figs. 1&2; pl. 22, fig. 8. 

Description: Vavrdova 1966b, p. 411-412, pl. 1, fig. 2; pl. 2, fig. 3, text-fig. 3a. 

Holotfpe: Vavrdova 1966b, pl. 2, fig. 3. Age: Arenig. 

Remarks: Processes in this species are multifurcate, at the distal terminations as in S. cortinulum but the 

shafts are markedly thinner and generally shorter. 

Stelliferidium trifidum (Rasul) Fensome et al. 1990. 

Plate 7, figs. 10-13; pl. 22, figs. 9,10 &II? 

Synonomy: 1988, Stelliferidium distincta, Elaouad-Debbaj. 

De-scriptiOn: Rasul 1974, p. 60, pl. 5, fig, 7. 

Holotype: Rasul 1974, pl. 5, fig. 7. Age: Tremadoc. 

Remarks: Stelliferidiwn trifidum is morphologically similar to S. timofeeWi (Deunfo Fensome et al. 

1990. Illustrations and description of both species by these authors shows distinct similarity in shape of 
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the central body and the size, number and distribution of processes. However, the process terminations 

are the critical feature. Rasul (1974, p. 60) distinguishes his species by having trifid process tips in 

contrast to Deunff (1961a, p. 39) who described his species as having simple or grooved (bifid) 

processes. 

Genus StelUnium Jardine el al. 1972. 

Type species: Stellinim oaoaster (Staplin) Jardine et al. 1972. 

Generic description: Jardine et al. 1972, p. 298. 

Remarks: These forms have a star-shaped outline Composed of triangular expansions positioned in at 

least two planes. Ile expansions are commonly crested. 

Stellinium comptwn Wicander & Loeblich 1977. 

Plate 176, figs. 7 & 8; pl. 183, fig. 7; pl. 188, fig. 5; pl. 194, fig. 9. 

Description: Wicander & Loeblich 1977, p. 151, pl. 9, figs. 1-6. 

Holotype: Wicander & Loeblich 1977, pl. 9, figs. 1-4. Age: Late Devonian. 

Remarks: This species is distinguished by having a quadrate, more or less square, vesicle outline. 

Stellinium ocloaster (Staplin) Jardine et al. 1972. 

plate 155, fig. 10; pl. 167, figs. 6 & 8; pl. 176, figs. 5 & 6; pl. 183, fig. 8; pl. 188, fig. 7; pl. 194, 

figs. 3,6,7 & 8. 

Dmription: Staplin 1961, p. 413-414, pl. 49, figs. 3 & 4. 

Holotype: Staplin 1961, pl. 49, fig. 3. Age: Late Devonian. 

Remarks: Stellinium micropolygonale (Stockmans & Williere) Playford 1977 is considered to be a 
junior synonym of this species (Fensome et al. 1990). Stellinium octoaster incorporates forms with 

more than four processes in one plane (i. e. in outline) when compressed on a palynological slide. 

Slellinium Complum has only four processes forming the outline. 
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Genus Striatotheca Burmann 1970. 

Type species: Striatotheca principalis Burmann 1970. 

Generic description: Burmann 1970, p. 299-300; for an English translation see Eisenack, Cramer & 

Diez 1979, p-755. 

Striatotheca principalis Bunnann 1970. 

Plate 23, figs. 1,2 & 3; pl. 34, fig. 1; pl. 43, figs. 4 & S. 

Description: Burmann 1970, p. 300, pl. 11, fig. 1. 

Holotype: Burmann 1970, pl. 11, fig. 1. Age: IAte Arenig-Early Llanvim. 

Remarks: Specimens assigned here have relatively fine striations on the central body that extend onto 

the process shafts. 

Striatotheca principalis var. parva Burmann 1970. 

Plate 34, figs. 2 & 3. 

Description: Burmann 1970, p. 300, pl. 8, fig. 6. 

Holotype: Burmann 1970, pl. 8, fig. 6. Age: Late Arenig-Early Llanvim. 

Remarks: This variety has thin processes with relatively few, coarse striations on the central body that 

do not extend onto the process shafts. 

Striatotheca quieta (Martin) Rauscher 1973. 

Plate 34, fig. 4. 

Description: Martin 1969, p. 100, pl-5, fig. 226; pI. 6, fig. 290; for an English translation see Eisenack, 

Cramr & Diez 1979, p. 773-774. 
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Holotype: Martin 1969, pl. 6, fig. 290. Age: Middle-Early Ludlow, see remarks. 

Remarks: The type material described from Belgium outcrop is believed to be reworked from the 
Ordovician (Eisenack, Cramer & Diez 1979, p. 773). This species has shorter processes at the apices of 
the vesicle than S. principalls. 

Genus Tetraporina (Namnova ex Bolkhovitina) Kar & Bose 1976 

Synonomy: 1972, Horologinella, Jardine et al, p. 296. 

Type species: Tetraporina pelludda Naumova ex Bolkovitina 1953. (Lectotype desipated by 

janwnius & Hills 1981, card 3197. 

Generic description: Kar & Bose 1976, p. 79. 

Remarks: The type species of the genus Horologinella Cookson & Eisenack 1962 is a dinoflagellate 

cyst. This genus should therefore be restricted to accommodate palynomorphs of that group. 

Acritarchs with a superficially similar morphology to Horologinella are best accommodated in the 

genus Tetraporina. 

Tetraporina horologia Staplin 1960. 

Plate 194, fig. 12. 

Synonomy: 1972, Horologinella horologia, Jardine et al., p. 296. 

Description: Staplin 1960, p. 6, pl. 1, figs. 4 & 6. 

Holotype: Staplin 1960, pl. 1, fig. 4. Age: Carboniferous. 

Remarks: This species has broad, descrete lobes at the apices of the four-sided vesicle. Tetraporina 

quadrispina has a more angular aspect to the vesicle with longer expansions at the apices. 
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Tetraporina quadrispina (Jardine et al. ) comb nov. 

Plate 194, figs. 10 & 11. 

Synonomy: 1972, Horologinella quadrispina, jardine et al., p. 296, pl. 1, figs. 5 & 6. 

Description: Jardine et al. 1972, p. 296, pl. 1, figs. 5&6. 

Holotype: Jardine et al. 1972, pl. 1, figs 5. Age: Upper Devonian, probably Famennian. 

Remarks: This species is recombined with the genus Tetraporina as Horologinella is a dinoflagellate 

cyst genus. 

lie species is distinguished by the extended lobes at the apices of the four sided vesicle. The inter-lobe 

areas are highly concave. 

Genus Aysanoprobolus Loeblich & Tappan 1970. 

Type species: 7hysanoprobolus polyhon Loeblich &Tappan 1970. 

Generic description: Loeblich &Tappan 1970, p. 26 1. 

7hysanoprobolus polykion Loeblich & Tappan 1970. 

Plate 109, figs. 10 & 11; pl. 141, fig. 3. 

Synonomy: 1970 Multiplicisphaeridiwn bonitum Cramer, p. 150-152, pl. 15, figs. 207-209 & 213, 

text-fig. 55a. 

Description: Loeblich &Tappan 1970, p. 262-266, figs. 1-12. 

Holotype: Loeblich &Tappan 1970, figs. 10-12. Age: Early Gedinnian. 

Remarks: From the descriptions and illustrations of the type material, MUNPH&Phaeridiwn bonitum 

Cramer 1970 ex Eisenack, Cramer & Diez 1973, described from the late Silurian-early Devonian of 
NW Spain, appears to be synonymous with T polyhon. 
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Genus Tongzla Li Jun 1987. 

Type Species: Tongda meitana Li Jun 1987. 

Generic description: Li Jun 1987, p. 626. 

Tongzia meitana Li Jun 1987. 

Plate 9, figs. 12 & 13; pl-23, figs. 4,8,9 & 10. 

Description: 11 Jun 1987, p. 626,628, pl. 69, figs. 1-3. 

Holotype: Li Jun 1987, pl. 69, fig. 1. Age: Arenig. 

Remarks: Specimens recorded here are generally poorly preserved. 'Me species is distinguished by its 

spherical central body and the palmate, first order branching of the distal terminations of the hollow 

processes. 

Vavrdova (1990) recorded this species from the Late Arenig of Czechoslovsdda. 

Genus Trematophora Eisenack 1965. 

Type species: Trematophora radiata Eisenack 1965. 

Generic description: Eisenack 1965, p. 270. 

Remarks: In his erection of the species T radiata, Eisenack (1965, P-270) neglected to diagnose the 

new genus, Trematophora, into which he had placed his new species. As the genus is, to the present 

authors knowledge, monospecific, the diagnosis given for the species T radiata also stands as the 

generic diagnosis. 

Tremarophora radiata Eisenack 1965. 

Plate 79, figs. 1,2 & 3; pl. 87, fig. 4. 

Description: Eisenack 1965, p. 270, pl. 23, figs. 4 & S. 
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Holotype: Eisenack 1965, pl. 23, figs. 4. Age: Wenlock. 

Remarks: Specimens recorded here are the same size and have the same general morphology as the 
holotype. 

Genus ManguHna Cramer 1964. 

Type species: Triangulina alargada Cramer 1964. 

Generic description: Cramer 1964, p. 334. 

Remarks: These triangular verybachid-shaped forms are distinguished by having a two-layered wall 

structure in which there are cavations present between the wall layers at the apices of the vesicle. 

Plangulina sanpetrensis (Cmmer) Fensome et aL 1990. 

Plate 110, fig. l?; pi. 116, fig. 5?; pi. 123, fig. 1; pl. 156, fig. l? 

Description: Cramer 1966, p. 88, pl. 2, figs. 14 & 15, text-fig. 2, no. 14. 

Holotype: Cramer 1966, pl. 2, fig. 14. Age: Ludlow- Early Gedinnian? 

Remarks: Triangulina alargada Cramer 1964 has a very similar morphology to T sanpetrensis. It 

differs in the shape of the central body, the former having a rounded-triangular shape, the latter having 

a triangular shape with a more angular aspect. 

Triangulina alargada Cmmer 1964. 

Plate 141, figs. 4,7 & 10; pl. 150, figs. 6 & 8. 

Description: Cramer 1964, p. 334-335, pl. 6, figs. 1 & 4, text-fig. 39. 

Holotype: Cramer 1964, pl. 6, fig. 4. Age: Emsian. 

Remarks: This species is distinguished by the rounded inner body. Forms transitional between T. 

alargada and T. Sanpetrensis have been recorded in the present study. 
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Genus TrichosphaeriNum Timofeev 1966. 

Type species: Trichosphaeridium annolovaense Timofeev 1966. 

Generic description: Timofeev 1966, p. 37. 

Trichosphaeridium annolovaense Timofeev 1966. 

Description: Timofeev 1966, p. 37-38, pl. 8, fig. 5. 

Holotype: Timofeev 1966, pl. 8, fig. 5. Age: Middle Cambrian. 

Remarks: Two varieties of this relatively simple morphotype are recorded here. The varieties of this 

species are distinguished on the size of the central body and minor differences in the thickness of the 

wall. 

Trichosphaeridium annolovaense var. A. 

Plate 9, figs. 4 & 8. 

Remarks: Included here are relatively small forms (50-70um in maximum diameter) with a moderately 

thick wall. 

Trichosphaeridium annolovaense var. B. 

Plate 9, figs. 7. 

Remarks: These are relatively large forms (70-100um in maximum diameter) with a thin wall. 

Genus Tunisphaeridium Deunff & Evitt 1968. 

Type species: Tunisphaeridium lentaculiferum (Martin) Cramer 1970. 

Generic description: Deunff & Evitt 1968, p. 2. 
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Remarks: Species included in this genus have a spherical central body with thin, solid processes 

supporting a thin outer membrane. 

Tunisphaeridium tentaculiferum (Martin) Cramer 1970. 

Plate 116, fig. 6. 

Description: Martin 1967, p. 312, pl. 1, fig. 23, text-fig. 3. 

Holotype: Martin 1967, pl. 1, fig. 23. Age: Silurian. 

Remarks: A single damaged specimen is recorded here. However, the spherical central body, the 

slender capitate processes and the membrane are all discernible on the specimen. Tunisphaeridium 

parvum Deunff & Evitt 1968 has shorter processes than 0. tentaculaferum. 

cf. Tunisphaeridium sp. 

Plate 156, fig. 4; pl. 167, figs. 7 & 9. 

Remarks: Specimens included here have an identical central body and process shaft morphology to T 

tentaculiferwn. However, these specimens have a pad shaped distal termination to the processes and 

they lack the outer membranous wall layer that characterises species of the genus Tunisphaeridium. 

The lack of outer wall layer may be a function of the preservation. 

Genus TylolopaUa Loeblich 1970. 

Type species: 7ýlotopalla digitifera Loeblich 1970. 

Generic description: Loeblich 1970. 

Tylotopalla astfifera Kiryanov 1978. 

Plate 74, figs. I&2. 

Description: Kiryanov 1978, p. 86, pl. 13, figs. 5a-b. 
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Holotype: Kiryanov 1978, pl. 13, figs. Sa-b. Age: Wenlock. 

Remarks: A morphologically similar species is T. deerlyAlanum (Martin) Le Herisse, 1989 which also 

possesses striate ornamentation that is best developed at the process bases. This species differs from A. 

astrifera in having a lower density of processes on the central body. Specimens recorded here are 59- 

64um in diameter which is towards the larger end of the rather broad size range for the species (39- 

72um) given by Kiryanov. 

7ýlotopalla cf. deerlykianum (Martin) Le Herisse 1989. 

Plate 64, fig. 1. 

Holotype: Martin 1973, pl-5, fig. 167. Age: Ashgill-Early Llandovery. 

Remarks: Compare with Martin 1973, p. 23, pl. 5, figs. 167,173. The poorly preserved specimens 

observed show the same morphology and density of processes on the central body as the type material. 

The size of the specimens here, 100-11 lum in diameter, is markedly greater. 

IýIotqpalla cL wenlockia Doming 1981. 

Plate 74, figs. 3,4 & 7. 

Holot)W: Doming 1981, pl. 2, fig. 4. Age: Wenlock. 

Remarks: Compare with Doming 1981, p. 200, pl. 2, fig. 4. The poorly preserved specimens recorded 

here have approximately the same number and distribution of processes as the holotype but differs in 

the processes being of a shorter length. 

Genus UmbehasphaerWum Jardine et at. 1972. 

Type species: Umbellasphaeridium saharicum Jardine et al. 1972. 

Generic description: Jardine et al. 1972, p. 302-303. 

Remarks: Species in this genus possess processes that have open and flared distal terminations. 
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Umbellasphaeridium deflandrei Moreau-Benoit 1967 ex Jardine et al. 1972. 

Plate 176, figs. 3 & 4; P1.183, figs. 6,9,10 & 11; PI-195, figs. 4 & 5. 

Description: Moreau-Benoit 1967, p. 203, pl. 1, figs. 22-23. 

Holotype: Moreau-Benoit 1967, pl. 1, figs. 22-23. Age: Emsian. 

Remarks: This species is distinguished from U. saharicum by the greater number of processes present 

on the vesicle, more than 10, which are shorter in length. 

Umbellasphaeridim saharicum Jardine et al. 1972. 

Plate 193, fig. 9; fig. 195, figs. 1&2. 

Desr, ription: Jardine et al., p. 303, pl. 2, figs. II& 12, pl. 3, fig. 1. 

Holotype: Jardine et al. 1972, pl. 2, fig. 12: Age: Famennian. 

Remarks: This species has relatively few, between four and 10 in number, trumpet-shaped processes. 

Umbellasphaeridiwn deflandrei has shorter and a greater number of processes (more than 10) that are 

generally shorter in length. 

Genus Uncinisphaera Wicander 1974. 

Type species Uncinisphaera lappa wicander 1974. 

Remarks: The genus Stellichinitum differs from Uncinisphaera in having a polygonal aspect to the 

central body. 

Uncinisphaera? sp. 1. 

Plate 23, figs. 11,12 & 13; pi. 34, fig. 10. 

Description: Acanthomorphic acritarchs with a spherical central body of 35-40um maximum diameter. 

Ibe processes are long and slender (upto 22um long and 2-3um wide at the base) and have simple distal 

142 



terminations. The ratio of process length to body width is approximately 2: 3.7be wall is ornamented 

with short (< 2um) hair-like echinae and no regular form of opening is apparent. 

Remarks: This taxon is questionably assigned to the genus Uncinisphaera as the communication 

between processes and central body is not discernible in the carbonised specimens observed. 

The only formally described species in this genus from the Ordovician is U. protea Playford & 

Wicander 1988. This species would appear to be better placed in the genus Stellechinatum as it 

possesses a polygonal central body. Molyneux, (1997) published six forms that were questionably 

assigned to Uncinisphaera in open nomenclature from the Arenig of South Wales. Uncinisphaera? sp. 

I described in the present study has longer processes than any of those forms described by Molyneux. 

Genus Veliferites Brito 1967a. 

Type species: Veliferites tunuimarginatus Brito 1967a. 

Remarks: Species included in this genus have a four, five or six sided flattened veryhachid-type 

vesicle. Ilere is a thin transparent membrane at the equator of the vesicle which is supported by short 

processes at the apices. Ile genus Duvernaysphaera differs by possessing a discoid-shaped central 

body. 

Veliferites? sp. 

Plate 65, figs. I&2. 

Remarks: Specimens included here have a five-sided flatteBed central body, 32-37um in diameter, with 

five short processes (4-7um long) at the apices. The membrane or velum is not fully preserved in the 

specimens observed, however, remnants of the membrane are evident in the viscinity of the processes. 

Genus Veryhachium Deunff emend. Turner 1984. 

Type species: Veryhachium trisulcwn Deunff 1951 ex Deunff 1959. 

Generic description: Turner 1984, p. 139-140. 
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Remarks: The emendation of the genus by Turner 1984 states that the wall may be smooth or 

ornamented with grana. Forms with short s ines or echinae are included in the genus Illosacaps PV ula 
Loeblich & Tappan 1976. 

Ve? yhachiwn cf. arcarium Wicander & Loeblich 1977. 

Plate 156, fig. 7; pl. 168, fig. 1-4. 

Holotype: Wicander & Loeblich 1977, pl. 10, figs. I&2. Age: IAte Devonian. 

Remarks: Compare with Wicander & Loeblich 1977, p. 154, pl. 10, figs. I&2. The specimens 
included here have a larger central body and longer, more slender processes than V. arcarium. The 

specimens here are almost identical in morphology to the thesis taxon V polyaster subsp. acutum 

Deunff 1966 which is nomen nudum. The species V pentaster Staplin 1961 has more concave vesicle 

sides dmn V. cf. arcarium. 

Veryhachium cf. cymosum Wicander & Loebfich 1977. 

Plate 168, figs. 6 & 7. 

Holotype: Wicander & Loeblich 1977, pl. 10, figs. 7 & 8. Age: Late Devonian. 

Remarks: Compare with Wicander & Loeblich 1977, P-155, pl-10, figs. 5-10. The specimens included 

here have the same arrangement of processes and the same size dimensions as V. CYMOsUM but differ 

slightly in the nature of the distal terminations of the processes. 7be terminations in this taxon are 

more blunt with rounded tips than the sharply accuminate tips of the processes of the type specimens. 

veqhachium europaeum Stockmans & Williere 1960 has a similar process number and arrangement as 

V. cf. cymosum but has more slender processes with sharply accuminate tips. 

Veryhachium downiei Stockmans & Williere 1962. 

Plate 150, fig. 7; pl. 195, fig. 9? 

D, escription: Stockmans & Williere 1962a, p. 47-48, pl. 2, figs. 20-22, text-fig. 2; for an English 

translation see Eisenack, Cramer & Diez 1979, p. 394. 

Holotype: Stockmans & Williere 1962a, pl. 2, fig. 21. Age: Devonian. 
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Remarks: Specimens included here are generally poorly preserved. 

Veryhachium downiel var. downiei Stockmans & Williere 1962. 

Plate 177, fig. 1; pl. 184, fig. 1; pl. 188, fig. 8; pl. 195, figs. 6,7 & 8. 

Description: Stockmans & Williere 1962a, p. 47-48, pl. 2, figs. 20-22, text-fig. 2; for an English 

translation see Eisenack, Cramer & Diez 1979, p. 394. 

Holotype: Stockmans & Williere 1962a, pl. 2, fig. 21. Age: Devonian. 

Remarks: Specimens included here are those closely resembling the holotype of the species. 

Ve? yhachium europaeum Stockmans & Williere 1960. 

Plate 131, fig. 2; pl. 168, fig. 5; pl. 177, fig. 2. 

Description: Stockmans & Williere 1960, p. 3, pl. 2, fig. 25. 

Holotype: Stockmans & Williere 1960, pl. 2, fig. 25. Age: Frasnian. 

Remarks: This relatively simple species of Ve? Aachium has four processes, three at the apices of the 

three sided vesicle and one protruding from the interapical region. 7be vesicle wall is smooth. 

Veryhachium cL europaeum Stockmans & Williere 1960. 

Plate 87, figs. 9 & 10; pl. 123, fig. 2. 

HoloVipe: Stockmans & Williere 1960, pl. 2, fig. 25. Age: Fmsnian. 

Remarks: Compare with Stockmans & Williere 1960, p. 3, pl. 2, fig. 25. Specimens assigned here have 

the same arrangement of the four processes that are present as in the type specimen but differ in having 

a more convex vesicle. Specimens assigned to V. europaeum by Cramer 1964 are very similar in 

morphology to the specimens assigned here. 
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Veryhachium lairdii Deflandre 1946 ex Loeblich 1970. 

Plate 9, fig. 9; pl. 34, fig. 6; pl. 116, fig7. 

Description: Deunff 1959, p. 28, pl. 8, figs. 75-79. 

Holotype: Deunff 1959, pl. 8, fig. 75. Age: Middle Silurian. 

Remarks: Veryhachium lairdii was considered to be a junior synonym of V. valiente Cramer 1964 by 

Martin 1969, p. 95, Turner 1984, p. 141-142 and Fensome et al. 1990, p. 517. However, Cramer 

(1964) states in his remarks (under the sub-heading 'Similar forms, p. 31 1) that V valiente differs by 

having a more straight sided vesicle between the processes. This morphological differentiation is 

retained here as the specimens observed are more similar to the holotype V. lairdii with concave sides 

than that of V. valiente which is more straight sided. 

VeD*achium longispinosum? Jardine et al. 1974. 

Plate 24, fig. 6; pl. 51, figs. 4,6 & 7. 

Description: Jardine et al. 1974, p. 116, pl. 1, fig. 1; for an English translation see Eisenack, Cramer & 

Diez, 1979, P-449. 

Holotype: Jardine et al. 1974, pl. 1, fig. 1. Age: Late Ordovician. 

Remarks: Specimens are questionably assigned to V longispinosum because the processes of the 

specimens recovered are broken. The central body and proximal parts of the processes are 

morphologically identical to the holotype. 

Veryhachium minutwn Downie 1958 emend. 

Plate 141, fig. 6; pl. 51, figs. 4,6 & 7. 

Holo*w: Downie 1958, pl. 17, fig. 4. Age: Tremadoc. 

Description: Downie 1958, p. 344, pl. 17. fig. 4. 

Emended description: A small species of Veryhachium with between four and six processes. Four 

proce&ses are positioned at the apices of the equidimensional to slightly elongate central body, minor 
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accessory processes may be present between the apical processes. The flattened central body has sides 
that are straight to slightly concave and it measures 10-30um in length and 10-25um in width. Ile 

processes are simple with accuminate distal terminations and they have a rather rigid, firm appearance. 
7be processes measure between 8-30um in length. The wall of the vesicle is sMDOth or may have a 

scabrate surface. Opening of the vesicle is by epityche. 

Remarks: Ile original description given by Downie (1958) states size dimensions for the vesicle of 3- 

l5um. The species is broadened here to include larger forms of upto 30um vesicle width. 
veryhachiwn lairdii Deflandre 1946 ex Loeblich is larger and has more concave sides. Veryhachium 

valiente Cramer 1964 has a similarly straight sided vesicle but is also larger in size. 

From the specimens observed, three morphological varieties of this species can be recognised based on 
the length and number of the processes: 

Ve? yhachium minutwn var. A. 

Plate 24, fig. 11; pl. 43, figs. 7 & 8. 

Remarks: Specimens here have processes that are shorter than the vesicle length. This variety is 

relatively common. 

Veryhachium minutum var. B. 

Plate 24, fig. 10; pl. 43, fig. 9. 

Remarks: Specimens here have processes that are longer than the vesicle length. This variety is 

relatively rare. 

Ve? yhachium minutum var. C. 

Plate 43, figs. 10 & 11. 

Remarks: Specimens here have a fifth and occasionally sixth process present which alters the simple 
four-sided outline of the vesicle. This variety is relatively rare. 
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Veryhachiwn reductum (Deunff) Downie & Sadeant 1965. 

Plate 12, fig. 1; PI-35, figs. 4 & 5; pl. 44, figs. 1,5 & 6; pi. 52, figs. 2,4 & 6; pl. 65, fig. 4. 

Description: Deunff 1959, p. 27-28, pl. 1, figs. 1,3,8,10-12,14,16-17,22-23. 

Holotype: Deunff 1959, pl. 1, fig. 10. Age: Caradoc. 

Remarks: The intraspecific variety illustrated by Deunff (1959, pl. 1) is a good reflection of forms 

observed here. The central body has a maximum diameter ranging between 20-40um and the process 

length ranges between 10-30um. Veryhachium trisulcum Deunff 1951 ex Deunff 1959 has longer 

processes. IrIllosacapsula setosapellicula (Loeblich) Loeblich & Tappan 1976 has a similar body 

shape, spine length and overall size dimensions to V. reductum but differs in possessing an ornament of 

short spines or echinae. 

Veryhachium subglobosum Jardine et al. 1974. 

Plate 44, figs. 8,10,11 & 12; pl. 52, figs. 1,3 & 5. 

Description: Jardine et al. 1974, p. 115-116, pl. 1, fig. 2. 

Holotype: Jardine et al. 1974, pl. 1, fig. 2. Age: Late Ordovician. 

Remarks: This relatively large species of Veryhachium (central body 40-60um in maximum diameter; 

processes 30-100um in length) is characterised by the globose central body and long slender processes. 

Specimens recorded here have processes at the lower end of the size spectrum for the species that was 

given in the original diagnosis. Processes of the specimens observed here are commonly 30-35um in 

length. Breakage is common due to poor preservation. 

A morphOlOgicallY similar form is V. trisulcum var. venutum Deunff 1959, but this form has a more 

angular central body. 

Ve? yhachium trapezionarion Loeblich 1970. 

Plate 87, fig. 7. 

Description: Loeblich 1970, p. 743 & 744, figs. 38A-C. 
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Holotype: Loeblich 1970, fig 38B. Age: Middle Silurian. 

Remarks: Veryhachium rhomboidium Downie 1959 is smaller in size and has a thinner wall than V 

trVezionarion. The contention made by Turner (1984, p. 145) that the former is a senior synonym of 

the latter is rejected here. Ver)*achium valiente has fewer and shorter processes and is generally 

smaller in size than V. trapezionarion. Veryhachium pertonense Doming 1981 is similar in terms of 

shape, size and number and distribution of processes but differs in having a granular as opposed to a 

smooth wall. 

Ve? Aachium cf. trapezionarion Loeblich 1970. 

Plate 73, fig. S. 

Holotype: Loeblich 1970, fig 38B. Age: Middle Silurian. 

Remarks: Compare with Loeblich 1970, p. 743 & 744, figs. 38A-C. 7be four specimens included here 

have the same number and distribution of processes and the same general shape as V. trapezionarion but 

differ in the process to central body ratio. The ratio is approximately 1: 1 in V. trapezionarion in 

contrast with a ratio of approximately 2: 1 in V. cf. trapezionarion. 

Veryhachiwn trisulcum Deunff 1951 ex Deunff 1951. 

Dwription: Deunff 1959, p. 27-28, pl. 1, figs. 1-4,8,10,12-14,16,17,20,22 & 23. 

HoloqW: Deunff 1959, pl. 1, fig. 4. Age: Middle Ordovician. 

Renwks: Two varieties of this species have been recorded in the present study. 

Veryhachium trisulcum var. trisulcum (Deunff) Fensome et al. 1990. 

Plate 24, figs. 2 & 3. 

Description: Deunff 1959, p. 27-28, pl. 1, fig. 4. 

Holotype: Deunff 1959, pl. 1, fig. 4. Age: Middle Ordovician. 
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Remarks: 7be specimens observed here are rather poorly preserved. 7be small central body 

distinguishes this variety from V. trisulcum var. venutum Deunff 1959. 

Veryhachium trisulcwn var. venutum Deunff 1959. 

Plate 43, fig. 12; pl. 44, fig. 2. 

Description: Deunff 1959, p. 27-28, pl. 1, figs. 2 & 20. 

Holotype: Deunff 1959, pl. 1, fig. 2. Age: Ordovician. 

Remarks: Veryhachium subgloboswn Jardine et al. 1974 differs by having a more globose central 
body. 

Veryhachium valiente Cramer 1964. 

Plate 87, fig. 5. 

D, escription: Cramer 1964, p. 311, pl. 12, figs. 3,4&6. 

Holotype: Cramer 1964, pl. 12, fig. 3. Age: Late Ludlow-Emsian. 

Remarks: Veryhachiwn lairdii differs from V valiente in having concave as opposed straight sided 

inter-apical outline. 

Veryhachiwn wenlockanum (Downie cc Wall & Downie) Downie & Sadeant 1965. 

Plate65, fig. 3; pl. 110, figs. 2,3,5&6; pl. 116, figs. 8&9; pl. 131, fig. 1; pl. 141, fig. 5. 

Description: Downie 1959, pl. 12, figs. 9 &11. 

Holotype: Downie 1959, pl. 12, fig. 9. Age: Wenlock. 

Remarks: This species is distinguished by the small three-sided central body and the three long needle- 

like processes. The processes are commonly broken in the material observed. 
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Veryhachiwn sp. 1. 

Plate 45, fig. I&2. 

I)escription: A species of VerAachium with three processes and a concave or straight sided central 
body, rarely with slightly convex sides. The central body measures between 30-4lum in maximum 
diameter. Processes are simple and measure upto l8um in length and are commonly broken. 

Remarks: The angularity of the central body distinguishes this species from other tri-processed forms 

described from the Ordovician. Veryhachium reductwn (Deunff) Downie & Saýeant 1965 is of similar 

size and process morphology but has a more convex central body. 

Veryhachium sp. 3. 

Plate 45, fig. 3. 

Description: A three sided species of Veqhachium with three short (<Sum in length) accuminate 

processes at the apices of the vesicle. The wall has a finely granulate ornament giving it a scabrate 

appearance. The vesicle is 30-40um in maximum diameter. Opening is by epityche. 

Remarks: Villosacapsula entrichos (Loeblich) comb nov. has a similar central body and process shape 

but differs by being covered in short conical spines of upto 2um in length. 

Veryhachium sp. 4. 

Plate 44, figs. 3,4,7 & 9. 

Description: A species of Veryhachium with three sides and three short (<5um in length) truncated 

processes at the apices of the central body. 7be central body has convex sides and has a maximum 

diameter of 30-40um. 7be wall is relatively thick, 1-2um, and has a smooth distinctive porcelain-like 

texture. 7be truncated tips of the processes bare slight thickenings of the wall in some specimens. 

Remarks: This species is distinguished by the short truncated processes, the convex central body and 

the thick porcelain-like wall. 
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Veryhachium sp. 5. 

Plate 45, fig. 5. 

Ikscription: A species of Veryhachium with three sides and three short (<5um in length) truncated 

processes at the apices of the central body. The central body has concave-straight sides and has a 

maximum diameter of 28-37um. The wall is relatively thick, 1-2um, has a porcelain-like textured and 
is smooth. The truncated tips of the processes bare slight thickenings of the wall in some specimens. 

Remarks: This species is distinguished by its short truncated processes, coneave-straight sided central 
body and thick 'porcelain-like' textured wall. This form is distinguished from Veqhachium sp. 4 by 

the, straight sided as opposed to convex sided vesicle. 

Veryhachium sp. 7. 

Plate 10, figs. 1-4. 

Description: A species of Veryhachium with four sides and four processes positioned at the apices of 

the central body. 7be central body is square to slightly rectangular in outline and has slightly convex 

sides. lie maximum diameter of the vesicle measures between 30-35um. Ile processes are broad at 

the bases (< lum) and taper distally to truncated tips. 7beir length varies between 5-15um. 7le wall 

of the vesicle is very thick (> lum) and no ornamentation is visible. Opening of the vesicle is by 

epityche. 

Remarks: This species is distinguished by its truncated processes and thick walled robust vesicle. 

Veryhachium sp. S. 

Plate 9, fig. 10. 

Description: A species of Veqhachium with four sides and four long slender processes at the apices of 

the central body. ne central body is rectangular in outline and measures between 28-32um in length 

and 18-2lum in width. The processes are 3-4um wide at the bases and taper distally to accurninate tips. 

process length ranges between 20-29um. At the junctions of the processes and the central body the 

wall is punctured with pores of approximately lum in diameter. Opening of the vesicle is by epityche. 
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Remarks This species is distinguished by the rectangular central body, the long slender processes and 
the punctured vesicle wall. 

Veryhachium? sp. 9. 

Plate 65, figs. 7,8 & 9. 

Description: A veryhachid-shaped species with three sides and three processes positioned at the apices 

of the vesicle. 7be central body has convex sides and is 40-65um in miximum diameter. 7be 

processes are plugged at the bases and hollow distally. 17he processes on all the specimens recorded 
here are broken. The vesicle wall is thick (ca. lum), smooth and dark in colour which contrasts with 

the lighter coloured hollow processes. 

Remarks: The distal terminations of the processes have not been observed due to the poor preservation 

of specimens, hence the questioned assignment of these forms to the genus Ve? Aachium. Ve? Aachium 

checkleyensis Doming 1981 has a similarly thick vesicle wall and thinner walled processes, however, 

Veryhachium sp. 9 has a larger central vesicle. Poor preservation of specimens recorded does not 

permit comparison of the processes between them two species. 

Ve? Aachium? sp. 10. 

Plate 65, figs. 10 & 11. 

Description: A veryhachid-shaped species with three sides and three processes at the apices of the 

vesicle. The central body has slightly convex sides and measures between 32-38urn in maximum 

diameter. The processes are plugged at the bases and are hollow distally. Tlie processes on all the 

specimens recorded here are broken. I'lie vesicle wall is very thick (ca. 2um) and has a granulate 

ornament. The processes are thin walled and smooth. 

Remarks: The distal terminations of the processes have not been observed due to the poor preservation 

of specimens, hence the questioned assignment of these forms to the genus Veryhachiwn. 

Veryhachium? sp. 10 has similar morphology to Veryhachium? sp. 9 (herein) but differs in having a 

thicker, granular wall. 
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Genus Wksacapsula Loeblich & Tappan 1976. 

Type species: Villosacapsula setosapellicula (Loeblich) Loeblich & Tappan 1976. 

Generic description: Loeblich & Tappan 1976, p. 307-308. 

Remarks: Veryhachid forms with short spines or echinae are included here. 

Villosacapsulafakinan (Martin) comb. nov. 

Plate 24, fig. 9? 

Synonomy: 1968, Vey3*achiumf4hrum, Martin, p. 93-94, pl. 2, figs. 109 & 110; pl. 6, fig-256, 

text-figs. 42 & 43. 

Description: Martin 1968, p. 93-94, pl. 2, figs. 109 & 110; pl. 6, fig. 256, text-figs. 42 & 43. 

Holotype: Martin 1968, text-fig. 42. Age: Ordovician-Silurian. Ile holotype is believed to be 

reworked from the Ordovician (Eisenack, Cramer & Diez 1979, p. 411). 

Remarks: The morphological limits of Ve? yhachiwn and Villosacapsula outlined in the generic remarks 

above necessitate the transfer of VeryhachiwnfaAlrum Martin 1968 to the genus Villosacapsula. 

The few poorly preserved specimens of V. fahrum observed have a scabrate, wall with rare echinae. 

Ile lack of echinae is believed to be the result of the poor preservation. 

Villosacapsula horridum (Paris & Deunff) comb. nov. 

Plate 45, fig. 5. 

SynonomY: 1970, Veryhachium horridwn, Paris & Deunff, p. 27, pl. 1, fig. 8; pl. 3, fig. 3. 

Description: Paris & Deunff 1970, p. 27, pl. 1, fig. 8; pl. 3, fig. 3. 

Holotype: Paris & Deunff 1970, pl. 1, fig. 8. Age: Llanvirn. 
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Remarks: Ile morphological limits of Veryhachium and Villosacapsula outlined in the generic remarks 
above necessitates the transfer of Veryhachiwn horridwn Paris & Deunff 1970 to the genus 
Villosacapsula. 

Villosacapsula setosapellicula (L: )eblich) Loeblich & Tappan 1976. 

Plate 45, figs. 7,8,10-12. 

Description: Loeblich 1970, p. 743, figs. 36A-B, 37A-B. 

Holotype: Loeblich 1970, fig. 36A. Age: Ashgill. 

Remarks: In the poorly preserved material observed here, the echinae are commonly abraded giving a 

granular appearance to the vesicle wall. 

Villosacapsula sp. 2. 

Plate 66, figs. I&2. 

Remarks: Included here are two poorly preserved specimens, both with a four-sided central body and 

with four processes positioned at the apices. Ile sides of the central body are straight to slightly 

convex. The central body is approximately 25um in diameter and the processes vary between 10-28um 

in length. The vesicle and processes are ornamented with echinae. Villosacapsulafakirum has a larger 

central body than Villosacapsula sp. 2. 

Genus Wirgalasporlies Combaz 1967. 

Type species: Virgalasporites rudil Combaz 1967. 

Generic description: Combaz 1967a, p. 14. 

Remarks: Abacum Fombella 1978 is ajunior synonym of this genus (Fensome et al. 1990, p. 23). 
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Virgatasporites rudii Combaz 1967. 

Plate 10, figs. 5 & 6. 

Description: Combaz 1967a, p. 12, pl. 1, figs. 27 & 28. 

Holotype: Combaz 1967a, pl. 1, fig. 27. Age: Tremadoc. 

Genus Vlubysphaera Lister 1970. 

Type species: Vubysphaera dilatispinosa (Downie) lister 1970. 

Generic description: Lister 1970, p. 98. 

Vishysphaera microspinosa (Eisenack) Lister 1970. 

Plate 88, fig. 2; pl. 141, fig. 9. 

Dewription: Eisenack 1954,209-210, pl. 1, fig. 8. 

Holo*W: Eisenack 1954, pl-1, fig. 8. Age: Wenlock. 

Remarks: The intraspecific variation within this taxon recorded by Le Herisse (1989) is similar to that 

observed here. Within this spectra of morphotypes that have been observed here, dim consistent 

varieties can be recognised which are defined as follows: 

Vishysphaera microspinosa var. A. 

Plate 66, figs. 5 & 6; pl. 74, figs. 5,6,8 & 9; pl. 81, fig. 1 

Remarks: The specimen recorded here have short (<2um) broad (1-2um) conate or baculate processes. 

The elements are of relatively low spatial density on the central body with > 2um between each. 7be 

diameter of the vesicle varies considerably in this form, measuring between 35-70um. 

This variety closely resembles some species of Lophosphaeridium but can be distinguished by the thick 

vesicle Wall. 
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Visbysphaera microspinosa? var. B. 

Plate 123, fig. 7 & S. 

Remarks: Specimens included here have short (<3um long) broad (approximately 2um, wide) baculate 

processes. The elements are densely spaced on the central body with <2urn between each. Ile 

diameter of the vesicle measures between 45-60um. This variety is questionably included in this 

species as the wall is relatively thin in comparison with the other varieties. 

Visbysphaera microspinosa var. C. 

Plate 110, figs. 7-10; pl. 116, figs. 10 & 11; pl. 123, figs. 4 & 5. 

Remarks: Specimens included here have short (< 3um) echinate processes. The elements are densely 

spaced on the central body with < 2um between each. The diameter of the vesicle measures between 

42-60um. 

Vishysphaera cf. oligofurcatum (Eisenack) Lister 1970. 

Plate 110, fig. 4; pl. 123, fig. 3. 

Holotype: Eisenack 1954, pl. 1, fig. 8. Age: Late Llandovery. 

Remarks: Compare with Eisenack 1954, p. 209-210, pl. 1, fig. 8. Specimens here have processes which 

have a more sparse distribution on the central body than V. oligofurcatum. 

Visbysphaera pirifera (Eisenack) Kiryanov 1978. 

Plate 66, fig. 4. 

Dmription: Eisenack 1954, p. 206-207, pl. 1, figs. la-b; text-fig. 1. 

Holo*W: Eisenack 1954, pl. 1, figs. la-b. Age: Late Liandovery. 

Remarks: A morphologically comparable species is V dilatispinosa (Downie) Lister 1970. Both V. 

Pirifera and v. dikuispinosa have thin balloon-shaped processes protruding from the thick-walled, 
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spherical central body. However, the processes on V. dilatispinosum are ornamented with echinae in 

contrast with the smooth processes of V pirifera. 

Visbysphaera sp. 1. 

Plate 66, figs. 7-1 1. 

Description: Acanthomorphic acritarchs which have a robust, thick-walled, spherical central body 

ranging between 21-25um in maximum diameter. T'he processes are conical or clavate in shape. 71ke 

processes length ranges in size from 5-9um in length and the processes number approximately 15-25 on 

each specimen. The process length to maximum body width ratio is approximately 1: 4. The wall of 

the central body is composed of two wall layers giving it a relatively dark appearance. The wall of the 

processes is composed of a single layer and consequently appears relatively light in colour. The wall of 

the central body and the processes is smooth. No regular opening is apparent. 

Remarks: This species of Visbysphaera is distinguished by the small, robust central body and the 

prominent processes. 7be variability in the nature of the processes which has been observed here is 

probably a function of poor preservation. 7be author would expect the clavate process form to 

predominate in better preserved material. 

Visbysphaera pilifera has a very similar morphology to Vubysphaera sp. 1 in terms of body and 

process form. However, they differ in size, the former being approximately three times larger than the 

latter, ind also in the degree of inflation of the processes. Visbysphaera piriferum has more distinctly 

club-shaped processes. Vubysphaera dilatispinosa is also larger in size and has an echinate 

ornamentation on the processes. 

Visbysphaera sp. 3. 

Plate 67, fig. 1. 

Remarks: The single specimens recorded here has a central body diameter of 85um. T'he processes are 

short (< Joum) and have accurninate terminations. The specimen observed is rather poorly preserved 

and the processes are commonly damaged. Visbysphaera ofigo rcatum has a smaller central body d 
. 
fu an 

longer processes relative to the central body diameter than Wsbysphaera sp. 1. Visbysphaera 

Microspinosa differs in having very short (< 5urn long) processes.. 
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Genus Vogdandla Burmann 1970. 

Type species: Vogtlandia ramifurcata Burmann 1970. 

Generic description: Bunnann 1970, p. 292. 

Remarks: Ile genus Vulcanisphaera differs from Vogtlandia in possessing clusters of processes that 

radiate out from the same points on the central body. 

Vogtlandia sp. 1. 

Plate 10, figs. 7-11. 

Synonomy: 1988, Vogdandia coalita, Molyneux & Rushton, fig. 7d, e&f. 
1989, Vogdandia coalita, Cooper & Molyneux, fig. 4e. 

Description: Acanthomorphic acritarchs which have a polygonal central body ranging between 25-42um 

in maximum diameter. The processes shafts are conical or cylindrical in shape and have ramusculose 
distal terminations. 7be terminations may branch upto the 4th order. 7be processes length ranges in 

size from 25-30um in length and they number between 15-20 on each specimen. The process length to 

maximum body width ratio is approximately 1: 1. In some specimens, there appears to be a grouping of 

processes at each pole with a girdle present. The wall is composed of a single wall layer and the 

processes communicate fieely with the central body. 7be wall is smooth and no regular form of 

opening is apparent. 

Remarks: Molyneux & Rushton (1988, fig. 7d, e, f) and Cooper & Molyneux (1989, fig. 4e) illustrate 

the same species as described here. They assigned it to Vogtiandia coalita Martin in Martin & Dean 

1978. However, V. coalita is not a legitimate name as it was placed into synonomy with V flosmaris 

(Deunff) Molyneux 1987 by Martin in the paper in which it was described, this was done as an 

addendum to that paper (Martin 1978, p. 19). Vogtlandia Coalita is therefore considered to be a junior 

synonym of V. flosmaris. Specimens observed here have far more complex distal process terminations 

than the holotype of V flosmaris and are therefore informally assigned to a new species. 

Genus Vulcanisphaera Deunff 1961 emend. Rasul 1976. 

Type species: Vulcanisphaera africana Deunff 196 1. 

Description: Rasul 1976, p. 479. 
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Vulcanisphaera nebulosa Deunff 196 1. 

Plate 11, figs. I&2. 

synonomy: 1988, Vulcanisphaera africana, Elaouad-Debbaj, pl. 4, figs. 9,10,11,13 & 14; pl. 6, 

fig. 2. 

Description: Deunff 1961a, p. 42, pl. 2, fig. 3 

Holotype: Deunff 1961a, pl. 2, fig. 3. Age: Tremadoc. 

Remarks: A morphologically similar species is V africana Deunff 1961 but this form has less 

elaborate processes than V nebulosa. 

Vulcanisphaera simplex Jardine et al. 1974. 

Plate 24, fig. 6. 

Description: Jardine et al. 1974, p. 119, pl. 2, fig. 7. 

Holotype: Jardine et al. 1974, pl. 2, fig. 7. Age: Lower Tremadoc. 

Remarks: This species is distinguished from others in the genus Vulcanisphaera by having an almost 

polygonal central body. 7bis is due to broadening of the vesicle at the base of the processes. This 

species is also distinguished by having relatively simple furcations at the distal ends of the processes. 

Genus Winwaloeusia Deunff 1977. 

Type species: Winwaloeusia distracta (Deunff) Deunff 1977. 

Generic description: Deunff 1977b, p. 466. 

Remarks: This genus is superficially similar to Veryhachium. It differs in the presence of crests on the 

vesicle wall forming a *pseudo-trilete mark". The vesicle opens by splitting into two parts which quite 
distinct from the epityche style of opening in Veryhachium species. 
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Winwaloeusia distracta (Deunff) Deunff 1977. 

Plate 150, fig. 5; pl. 177, fig. 5. 

Description: Deunff 1966, p. 22, fig. 2. 

Holotype: Deunff 1966, fig-2. Age: Middle-late Devonian. 

Remarks: Winwaloeusia ranulaeforma Martin 1984 has an identical vesicle shape to W. distracta but 

differs in having an vesicle ornamented with grana. Winwaloeusia twnida Deunff 1977 has processes 

which have more constricted proximal terminations than the processes of W. distracra. These three 

species are closely similar in morphology. 

Acritarch Form A. 

Plate 11, figs. 6,7,9 & 10. 

Remarks: Acanthomorphic acritarchs which have a spherical to subspherical central body measuring 
30-37um. in diameter. The processes are short, 5-7M in length, with slightly tapering shafts in a distal 

direction. The ramusculose distal branching of the processes is to the 2nd or 3rd order. 7be central 
body to process ratio is approximately 5: 1. Ile wall is composed of a single layer and the nature of 

the communication between the processes and the central body is not discernible in the specimens 

observed. No regular form of opening is apparent. 

Species of the genus TimofeeWa differs by having the central body divided into fields. Vulcanisphaera 

species have clusters of processes sprouting from the same point on the central body. Vogtlandia 

species differ in possessing a polygonal central body. 

Acritarch Form B. 

Plate 11, figs. 3,4 & 5. 

Remarks: Acanthomorphic acritarchs which have a polygonal central body. Ile central body has a 

maximum diameter ranging between 25-32um (two specimens measured). There are approximately 15- 

20 processes which are 2-3urn wide at the base and taper gradually to accuminate tips. They support a 
fine tmbeculum running along the shaft. The processes are 13-15um in length. The central body to 
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process ratio is approximately 2: 1. Tbe nature of the wall structure is indeterminate from the dark 

specimens observed. No regular form of opening is apparent. 

This species is distinguished by the Polygonium-type central body, the process arrangement and the 

trabeculae running along the shafts of the processes. Only two specimens have been recorded. 

Acritarch Form C. 

Plate 45, fig. 6. 

Remarks: Acanthomorphic acritarchs which have a subspherical to ovate central body. The body is 

25-34urn in length and 21-24um wide. The processes are rigid, they have solid 'pin-like' shafts and 

bifurcating or trifurcating pinnae at the distal extremities. They range between 10-15um in length, 

number approximately 50 and are evenly distributed. The process to central body ratio is 

approximately 1: 2. The wall is thin, smooth and appears to be composed of a single layer. Opening is 

by means of a pylome. 

The wall of this fom is very thin and has a very distinct hyaline appearance. The bifurcating pin-like 

processes are also diagnostic but they are commonly broken in this poorly preserved material. 

Acritarch Form D. 

Plate 25, figs. 1-5. 

Remarks: Acanthomorphic acritarchs which have a rigid spherical central body measuring between 39- 

48um in diameter. The processes appear to have hollow tubular shafts with fine branching pinnae 

sprouting from the distal ends. The processes are closely spaced and are approximately 100-150 in 

number. ney measure between 9-13um in length, 2-4um wide at the base and they flare distally. The 

process to central body ratio is approximately 1: 4. Ile wall appears to be composed of two layers, the 

outer layer forming the processes. There is no communication between the processes and the central 

body. The occasional openings that have been observed are pylomes. 

Tbese forms occur in high numbers in sample JW 5. Superficially they appear similar to Lua 

erduapuziana Martin & Yin I-eiming 1988, however this species is reported as having an apical tabular 

extension with a circular opening which was not evident here. In addition, the processes are generally 

shorter and more robust distally. 

162 



Acritarch Form E. 

Plate 67, figs. 2 & 4. 

Renuuts: Spheromorphic acritarchs measuring between 60-92um in maximum diameter. Ile wall is 

composed of two layers that show variable degrees of separation. Ile vesicle is ornamented with low 

irregular verrucae and rugulae. The only method of opening observed is by medium split. 

Species of Dia)wtidim show a more regularly ordered polygonal pattern of ornamntation on the 

vesicle. 

Acritarch Form F. 

Plate 8 1, figs. 1&4. 

Remarks: Acanthomorphic acritarchs which have a rigid, spherical central body meamring between 

4048um in maximum diameter. The processes appear to have hollow tubular shafts with capitate or 

bifid distal terminations. The processes are closely spaced and are approximately 100 in number. They 

measure between 10-20um in length and 24um in width. The process to central body ratio is 

approximately 1: 3.5. The wall is thin and is composed of a single layer. No regular form of opening 

is appamt. 

Four specimens of this form are recorded from the Late Telychian (Uandovery) samples analysed here. 

The relationship between the processes and the central body, and the detail of the morphology of the 

process tips is not discernible from the specimens observed. 

Acritarch Form G. 

Plate 88, figs. 4,5,7 & 8; Pl. 110, figs. II& 12; pl. 117, fig. 1; pl. 123, figs. 6 & 9; pl. 141, fig. 11. 

Remarks: Forms included here are single walled acritarchs that when compressed have a circular 

outline. The outer margin of the circular vesicle (i. e. the outermost quarter of the radius of the vesicle) 

is always folded. The central part of the vesicle is generally not folded. The surface of the vesicle may 

be smooth or ornamented with ridges. No regular form of opening is apparent. 

The regularity in the arrangement and distribution of the folds distinguishes Acritarch Form G from the 

genus Leiosphaeridia. The genus Saharidia has a similar tendency to possess peripheral folds but can 

be distinguished by having & smooth or finely granulate surface with a central pylome present. 
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Acritarch Form H. 

Plate 88, fig. 6. 

Remarks: The single well preserved specimen included here is a spheromorphic acritarch with a 

subspherical vesicle of 45um in maximum diameter. Ile wall is single layered and thin. 7bere 

appears to be a pore or pylome present from which an ornament of linear striations radiate. 7be 

striations extend approximately half way around the subspherical vesicle. 7be other half of the vesicle 
iS SMDDth. 

Acritarch Form 1. 

Plate 88, fig. 3; fig. 117, fig. 6. 

Remarks: Included hem are spheromorph acritarchs measuring between 35-45urn in diameter. The 

wall of the vesicle is thin, less than lum, and ornamented with an open reticulum. The elements are 

closely spaced (< Imm &part) vermiculae and rugulae. The ornament is less than lum in height. No 

regular form of opening is apparent. 

species of Lophosphaeridium differ from Form I in possessing equidimensional omamental elements. 

Acritarch Form J. 

Plate 117,2-5. 

Remarks: Four specimens of this form are recorded from the Monograptus uniforinis (graptolite) Zone 

(Gedinnian) in the present study. 17hey are flattened or pad-shaped acritarchs with four or five sides. 

The maximum diameter of the vesicle ranges between 55-65um. A slight thickening at the peripheral 

margin of the vesicle is apparent. In addition, irregular thickenings of the wall on the upper and lower 

faces of the vesicle are present. No regular form of opening has been observed in the specimens 

studied. 
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Acritarch Form K. 

Plate 53, fig. 1,2 & 3? 

Remarks: Five specimens of this form have been recorded from a single sample, DJ 10, of Ashgill age. 

7bey are acanthomorphic acritarchs with a subspherical central body which measures between 60-75um 

in diameter. 7be processes are between 25-35urn in length but are commonly damaged in the material 

observed. 7he processes are narrow, less than 5um wide, and are of a consistent width along the entire 

length of the shaft. The process terminations furcate upto the first order at the distal extremity. 7be 

wall appears to be composed of two wall layers, the outer wall layer forming the very thin transparent 

processes. The central body is thick walled relative to the wall of the processes. The wall is 

onmunented with grana and echinae. No regular form of opening is apparent in the specimens 

observed. 

Iliese thin processed acanthomorphs are comparable with Actipilion druggii Loeblich 1970 which was 

also described from LAte Ordovician sediments. The thin walled processes are a characteristic feature 

of this species. However, A druggil has simple processes in contrast to the branching processes of 

Acritarch Form K. 

Acritarch Form L. 

Plate 67, figs. 3-7; pl-88, figs-9,10 & 11; pl. 111, fig. 1; pi. 117, fig. 9; pl. 123, fig. 14. 

Remarks: Included here are very large acanthomorphic acritarchs with a spherical central body and 

sturdy, evenly distributed processes. 7be central body measures between 130-200urn in maximum 

diameter. The processes have simple distal terminations and appear to solid. 7bey measure upto 90um 

in length. in the material studied, this form commonly occurs as fragmentary pieces. No regular form 

of opening is apparent. 

This gmthomorphic form is conspicuous by its very large size. 

Acritarch Form M. 

plate 11. figs. 8& 11. 

Remarks: Acanthomorphic acritarchs which have a spherical-subspherical central body measuring 

between 3242um in diameter. The processes have narrow (2-3urn wide) straight sided shafts of 

between 12-20um in length. Ile process terminations branch in a ramusculose manner. Processes may 
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branch upto the 5th order, the higher order branches forming a fine mesh of pinnae. The central body 

to process ratio is approximately 2: 1. The nature of the wall structure is indeterminate from the dark 

specimens observed. No ornament is evident on the central body and no regular form of opening is 

apparent. 

Acritarch Form N. 

Plate 25, figs. 6-9; pl. 35, fig. 1 

Remarks: Acanthomorphic acritarchs; which have a rigid, spherical central body measuring between - 

45-56urn in maximum diameter.. 71le processes appear to have hollow tubular shafts with simple open 

distal terminations. The processes are closely spaced and are approximately 100-150 in number. They 

measure between 18-25urn in length and 2-4um wide at the base. 71e process to central body ratio is 

approximately 1: 2.5. The wall appears to be composed of two layers, the outer layer forming the 

processes. nere is no communication between the processes and the central body. No regular form of 

opening is apparent. 

Acritarch Form D, described above, differs by having branching pinnae at the distal terminations of the 

processes. It also has a smaller central body and the processes are. shorter. 

Acritarch Form P. 

Plate 184, figs. 2-8. 

Remarks: Included here are acanthomorphic forms with a subspherical central body and short, hollow, 

distally open processes. Ile central body is thick walled and measures between 30-65um in mAximum 

diameter. ne processes vary considerably in number and size in the population studied. 11ey number 

between 10 and 60 and measure upto 10urn in length. The width of the processes is also variable 

measuring upto 12urn wide at the base. The processes commonly taper distally, however specimens 

with straight sided processes also occur. The processes are always open distally. No regular form of 

opening is apparent. 

A comparable genus is Dilatisphaera which also includes forms with open ended processes, however 

species included in Dikuisphaera have a thinner walled central body generally have longer processes. 
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Acritarch Form R. 

Plate 184, fig. 10. 

Remarks: Ile single specimen included here is a coenobial form composed of four cylindro-conical 

shaped cells radiating from a central point. Each cell measures approximately 30um in length and has 

an open distal termination which is circular in outline. 

Acritarch Form S. 

Plate 184, fig. 11. 

Remarks: The single specimen included here is triangular in outline and measures 47um in maximum 

diameter. The apices of the vesicle are echinate with spines less than 2um in length. 71e interapical 

areas are smooth and their outline is concave. No opening is apparent. 

Acritarch Form T. 

Plate I 11, figs. 2,3 & 4. 

Remarks The two specimens included here are spherical in shape and measure 55um and 59um in 

diameter. Ile vesicle is divided into numerous polygonal fields by low ridges, as in species of 

Dictyotidium. Within each field, what appear to be pores, 3-6 in number, are present. The pores are 

arranged in a regular manner within each field. 

This form is of similar morphology to species within the genus Orygmahapsis. Orygmahapsis species 

differ by having just a single pore at the centre of each field. 

Acritarch Form U. 

Plate 123, figs. 10,11 - 

Remarks: Included here are thick walled (approximately 2um thick) sPheromOrPhic acritarchs with a 

coarsely scabrate or rugulate ornamentation. The vesicle is spherical and measures between 40-65um in 

maximum diameter. No regular form of opening is apparent. 
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This form was recorded in large numbers in graptolite dated samples of late Siegenian age. 

Acanthomorphic acritarchs indet. 

Remarks: This category includes acanthomorphic acritarchs which are Poorly preserved and which can 

not be allocated to a published genus. 

Spheromorphic acritarchs indet. 

Remarks: Included here are spherical or subspherical forms which are too poorly preserved to be 

assigned to a genus. 
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Chapter 5. The Prasinophyta Round 1971. 

introduction. 

The Prasinophyta are a division of the green algae. There appears to be no definition of the group in 

the literature that is satisfactory for use by palynologists who are concerned only with the fossilised 

phycoma stage of the life cycle. However, Tappan (1980, p. 818) provided the following definition: 

-Motile stage with ultramicroscopic body scales, and two to four scaly flagella arising from the apical. 

pit that is surrounded by four apical projections; large axial plastid; may have colonial, coccoid, 

palmelloid, or branching stage; cysts or phycoma enlarge vegetatively. Planktonic and benthic; marine 

and freshwater; Platymonas may be symbiotic with the marine worm Convoluta. Precambrian to 

Holocene. " 

lie prasinophyte fossil record is not fully representative of the geological history of the group as only 

a small proportion of the group produce a fossilisable phycoma as part of their life cycle (Tappan 

1980). However, fossil prasinophytes commonly form significant proportions of palynological 

assemblages throughout the Phanerozoic. They appear to be 'disaster species' (Tappan 1980) surviving 

and flourishing, in the middle and late Palaeozoic for example, when other phytoplankton groups 

underwent decline. 

Fossil IRmsinophyte morp-hology. 

In the literature, it is common to see the same set of morphological descriptors used to describe the 

fossilised prasinophytes as those used to describe the acritarchs. This is all well and good for the 

description of the detail of morphology, e. g. the ornamentation, however, confusion could arise from 

the use of terms which have functional connertations. 

This problem was addressed by Colbath (1983) who warned against the use of the term 'cyst' when 

describing the fossilised body of prasinophytes. "The term 'cyst'" he said, "is best used to describe the 

resting stage of an organism, but because the acid resistant bodies are formed by prasinophyceans 

during a stage of active growth and division, they are better referred to by the term 'phycoma' (plural: 

phyr, omata). " 

In the present study, terms used for the detailed ornamentation are those used for the acritarchs. 

However, it is necessary to define the following terms which are particularly applicable to the 

pmsinophytes. 

Ala: Flange like extension from the equator of the central body. 

Central body: 7be phycoma, minus the ala or membranous outgrowths. 
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Crest: Flange like, membranous outgrowth from the central body. 

phycoma: The fossilised organic body of the prasinopbyte as a whole. 

Phycoma devoloment in the Prasing2hyta. 

Our Knowledge of the prasinophycean life cycle is based on numerous field and laboratory 

investigations of modem day species (Ostenfeld 1910; Parke & Hartog-Adams 1965; Parke 1966; Parke 

ef aL 1978). 

A brief summary of the life cycle of the modem day prasinophyte Pterospenna is given in fig. 12. 

-Ibe stages that are potentially fossilisable are those from the beginning of the phycoma phase, phase 3 

on the diagram, through to phase 8, which shows the empty phycoma having released the inner wall 

containing the motile cells. The phycomata produced by modem species are closely comparable with 

some of the organic walled microfossils recorded from palynological preparations from rocks. It is 

based on these comparisons that several fossil microplankton genera have been classified under the 

prasinophyta. For a comprehensive review of the biology of the Prasinophyta, a subject which falls 

outside the realms of the present study, the reader is referred to Tappan 19 80, p. 806-812. 

Classification of the Prasinop-hyta. 

The classification of the Divison Prasinophyta was addressed by Tappan (1980) who proposed a system 

inc, orporating both present day and fossil forms. 

Several palynomorph genera included in the Prasinophyta by Tappan show only superficial similarity to 

the phycomata of modem day species. For example, Leiosphaeridia, which shows superficial 

similarity to the phycomata produced by the modem day Halosphaera has been demonstrated to have a 

dissimilar wall ultrastructure (Jux 1969). There is also the distinct possibility that the great variety of 

Leiosphaeridia species recorded in the literature are multi-sourced, possibly by animal and plant. For 

this reason, it is dangerous to include this genus, as it is presently diagnosed, in the Prasinophyta. 

In the present study, only the genera which are now indisputably considered to be prasinophytes 

(Fensome et al. 1990) are included in this division. These are Tasmanites Newton 1875, which is 

produced at the present day by Pachysphaera pelagica Ostenfeld, herospertnella which is produced by 

pterosperma moebij (Jorgensen) Ostenfeld, and Cymatiosphaera which is produced by Pterospe? 7na 

marginatum Gaarder. 

The suprageneric scheme of Tappan (1980, Table 10.1) is here used in part. The position of the 

Leiosphaeridiaceae Timofeev 1956 in the PrasinoPhyta is rejected until further evidence is available 
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Figure 12. The life cycle of herospenna. 

N 
4' 

Life cycle of Pterosperma. 1. Motile phase, a scale-co%ered cell Mth ewentric nucleus, large saucer- 
shaped plastid lyýing against the convex side of the bod%, and starch-enclosed pyrenoid; four long 
excentrically inserted scale- and hair-covered flagella. Nl'otile phase may reproduce independently and 
repeatediv 

ýv fission. 2. Dividing motde ceUs. 3. Beginning of phycoma phase as motile cell loses 
flagella, rounds off, and develops thickened wall and a flangelike ala. Phycoma increases rapidlý in 
%olume, plastid divides into many smaller ones that surround a central lipid globule; size increase 
continues to maturity, requiring from two %%eeks to three-and-a-half months in culture. 4,5. Maiure 
ph '% comata of varied size, vvith thickened inner wall, just prior to dhision of cell contents. 6. Phý conia 
in edge view. 7. Thickened inner wall of ph. ýcorria and contained cell material has escaped through 
the release suture, a slit in the outer phyconia wad]; after escape, the former inner %vafl enlarges to 
clouhle the pre%ious diameter and the contents di%ide into mo, four, or eight uninucleate masses that 
de%elop flagella. 8. Empty phycoma, shov%ing release suture compare fossil prasinophytes of Figure 
10.17 part I and Figure 10.5), peripheral ala, and ring of alaband pores, as vveil as other scattered 
pores. 9. Phycoma inner wall, each of the early 8 quadriflageUate ceus ha%ing divided vt%ice to produce 
32 niotile ceUs; inner %vafl increases in diarneter up to 16 times that prior to release from outer wall, 
accompanied by decrease in wall thickness and continued dhision of motile cells that finaliv burst the 
%%all and escape. Based on various species, data from Parke et al., 1978.1, x 1000; others, x 150. 
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regarding their prasinophycean affinity. Ile families Tasminaceae Sommer 1956, Cymatiosphaeraceae 

Madler 1963 and Pterospermellaceae Eisenack 1972 are utilised to accommodate the genera Tasmanites, 

C)mxiosphaera and Prerospermella respectively. However, the inclusion of other palynomorph genera 
in these families by Tappan (see Table 10.1) is rejected, again pending further evidence. 

Rmsinogbyle systematics. 

lie synonomy of the tax& in this section follows that of Fensome et al 1990 unless otherwise stated. 

Division Prasinophyta Round 1971. 

Order Pterospermatales Schiller 1925 

Family Cymatiosphaeraceae Madler 1963. 

Genus Cymadosphaem 0. Wetzel 1933 ex Deflandre 1954 emend. Denandre & Cookson 1955. 

Type species: C5mwiosphaera radiata 0. Wetzel 1933. 

Generic description: Deflandre and Cookson 1955, p. 288. 

Remarks: The genus is included in the division Prasinophyta as phycomata of identical morphology are 

produced by the modem day prasinophyte species Pterosperma marginatum. The acritarch genus 

Dicfyotidiwn differs from Cymatiosphaera in possessing low solid ridges defining the boundaries 

between the fields on the vesicle as opposed to the membranous septa in species of Cymatiosphaera. 

Cymatiosphaera canninae Cmmer 1964. 

Plate 156, figs. 2,3 & 5; pl. 168, figs 8&9. 

Description: Cramer 1964, p. 325-326, pl. 6, fig. 9, pl. 14, fig. 10. 

Holotype: Cramer 1964, pl. 14, fig. 10. Age: Emsian. 

Remmis: This distinctive species of Cymatiosphaera has striations present on the outer membranous 

wall layer. Cymatiosphaera peligrosa Cramer 1964 has a similar over-all shape to C. carminae but 
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lacks the striations on the outer wall. A pictorial comparison of these two species is given by Cramer 
1964, p. 325. 

Cymatiosphaera gorstia Doming 198 1. 

Plate 74, fig. 10. 

Description: Doming 198 1, p. 185, pl. 2, fig. 7. 

Holotype: Doming 1981, pl. 2, fig. 7. Age: Ludlow. 

Remarks: Cymatiosphaera octoplana Downie 1959 is smaller, has fewer fields and has higher flanges. 

Cymatiosphaera Ki? yanoWi (Kiryanov) Fensome et al. 1990. 

Plate 68, figs. 6 & 7. 

Description: Kiryanov 1978, p. 32-33, pl. 7, fig. 6. 

Holotype: Kiryanov 1978, pl. 7, fig. 6. Age: Late Silurian. 

Remarks: Colbath (1983) observed this taxon in his study of the microfloras from the Silurian 

Bainbridge Formation, Missouri, USA. As a consequence he transferred this species, then named 

Cymatiosphaeropsis reticulosa, to the genus Cymatiosphaera. In doing so, Colbath created a jumor 
homonym of Cymatiosphaera reticulosa Takahashi 1964. Fensome et al. 1990 subsequently proposed 

the present name. 

'17he species is distinguished by the thick vesicle wall (4-8um thick) and a two-tier reticulum. The first- 

order reticulum, is broad, fields commonly between 10-15um, wide, with a second order microreticulum 

within these fields. 
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Qonxiosphaera cf. ledburica Doming 198 1. 

Plate 89, figs. 1,2 & 3. 

Holotype: Doming 1981, pl. 2, figs. 13 & 14. Age: Ludlow. 

Remarks: Compare with Doming 1981, p. 185, pl. 2, figs. 13-14. Specimens here have a similarly 

thick, smooth wall, and a similar number of fields on the vesicle as the holotype. Iley are also of a 

similar size. The type material differs in possessing higher flanges. 

Cymatiosphaera leonensis Cmmer & Diez 1976. 

Plate 185, figs. 1,2 & 3; pl. 196, fig. 1. 

Description: Cramer & Diez 1976, p. 80, pl. 4, fig. 35. 

Holotype: Cramer & Diez 1976, pl. 4, fig. 35. Age: Late Emsian. 

Remarks: Specimens recorded appear to be identical to the type material described by Cramer and Diez 

(1976) from Iberia. 

Cymatiosphaera nebulosa (Deunff) Deflandre 1954. 

Plate 142, figs. 3,4 & 5; pl. 177, figs. 8&9. 

Description: Deunff 1954, p. 214, fig. 8. 

Holotype: Deunff 1954, fig. 8. Age: Devonian. 

Remarks: This relatively small species of Cymatiosphaera is characterised by the thick walled, dark 

coloured central body. 
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Cymatiosphaera octoplana? Downie 1959. 

Plate 79, figs. 7,8 & 9. 

Description: Downie 1959, p. 63, pl. 11, fig. 2. 

Holotype: Downie 1959, pl. 11, fig. 2. Age: Wenlock. 

Remarks: The proposed synonomy of C wenlockia Downie 1959 with C. octoplana by Doming 
(198 1, p. 186) allows for greater variation in the number of fields present on the vesicle within this 

species. The specimens here, which are questionably assigned to the species, show variation in the 

number of fields present. Tbe high flanges dividing the fields are commonly damaged due to poor 

preservation. 

Cýmatiosphaera peligrosa Cramer 1964. 

Plate 168, fig. 10. 

Description: Cramer 1964, p. 326, pl. 17, figs. 4-8. 

Holotype: Cmmer 1964, pl-17, fig. 6. Age: Emsian. 

Remarks: This species is morphologically similar to C. nebulosa but differs in possessing short spines 

at the distal extremities of the crestiunctions. Cymatiosphaera carminae differs in possessing striations 

on the crests of the outer wall layer. 

Cymatiosphaera sp. 1. 

Plate I 11, figs. 5,6 & 7; pl. 117, figs. 7 & 8; pl. 13 1, pl. 5; pl. 142, fig. 1. 

Description: A species of Cymatiosphaera with a subspherical, transparent, thin walled central body 

which memres between 28-35um in diameter. Ile central body is divided into approximately 10-15 

indistinct fields by tall (upto 12um high) membranous septa which are composed of the outer wall 
layer. The septa are smooth. 

RenuAs: Cymatiosphaera velata Deunff 1966, described from the Devonian of Canada has similarly 
tall septa relative to the diameter of the central body. However, this species is considerably smaller in 

size, the central body measuring between 11-15um, than Cymatiosphaera sp. l. Cymadosphaera 
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pterophora (Deflandre & Courteville) Downie & Sadeant 1965, which was described from the 

Cretaceous of France has almost identical flange morphology to Cymatiosphaera sp. I but differs in 

having a thicker, granulate central body. 

Family Pterospermellaceae Eisenack 1972. 

Genus PlerospemeUa Eisenack 1972. 

Type species: Plerospemella aureolata (Cookson & Eisenack) Eisenack- 1972. 

Generic description: Eisenack 1972, p. 597. 

Remarks: The genus Plerospemella is included in the Prasinophyta as phycoma of identical 

morphology have been observed to be produced by the modem day species Pterospema moebii. 

Pierospermella circunutriata (Combaz et aL) Eisenack, Cramer & Diez 1973. 

Plate 142, figs. 6,7,8? & 9. 

Description: Combaz et aL 1972, p. 304, pl. 3, figs. 13 & 14a-b. 

Holotype: Combaz et aL 1972, pl. 3, figs. 14a-b. Age: Emsian. 

Remarks: This species can be distinguished by the presence of concentric striations on the central body 

of the phycoma. 
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Pterosper7nella eruplio Martin 1984. 

Plate 185, fig. 12; pl. 196, fig 5?. 

Description: Martin 1984, p. 29-30, pl. 9, figs. 5,7,11 & 12. 

Holotfpe: Martin 1984, p. 29-30, pl. 9, figs. 12. Age: Early Famennian 

Remarks: This species is morphologically similar to P. onondagaensis (Deunff) Eisenack, Cramer & 

Diez 1973 but differs in having a broader, more rigid ala. 

Pterospermella onondagaensis (Deunff) Eisenack, Cramer & Diez 1973. 

Plate 131, figs. 6,7 & 8; pl. 142, fig. 10; pl. 150, fig. 11? 

Description: Deunff 1955, p. 148, text-fig. 27. 

Holotype: Deunff 1955, text-fig. 27. Age: Middle Devonian. 

Renuuics: A closely comparable species is 0. eruptio Martin 1984, which was described from the early 

Farnmenian of Belgium. This species is here taken to differs from 0. onondagaensis in possessing 

more ribs supporting the ala which is relatively broad. 

Family Tasmamtaceae Sommer 1956 ex Tappan 1980. 

Genus Tasmaniles Newton 1875. 

Type species: Tasmanites pundatus Newton 1875. 

Generic description: Newton 1875, p. 341. 

Remarks: phycomata of identical morphology to Tasmanites are produced by the modem day 

prasinophyte pachysphaera. It is for this reason that the fossil genus Tasmanites is included in the 

division PrasinOPhYta- 
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Tasmanites mariinssonii Eisenack 1958. 

Plate 34, figs. 9 & 12; pl. 43, figs. 3 & 6. 

Description: Eisenack 1958a, p. 6, pl. 1, figs. 10-13. 

Holotype: Eisenack 1958a, pl. 1, fig. 10. Age: Ordovician (based on material from an erratic). 

Tasmanites medius Eisenack 193 1. 

Plate 68, figs. 2,3 & 5. 

Description: Eisenack 193 1, p. 109, pl. 5, fig. 1. 

Holotype: Eisenack 193 1, pl. 5, fig. 1. Age: Silurian. 

Neotype: Eisenack 1955, pI. 5, fig. 13. Age: Silurian. 

Remarks: Specimens observed here are smaller in size than the type material, measuring 35-62um in 

diameter compared to 120um of the type specimen, the neotype is 114um in diameter. As discussed 

above, the phycoma of the prasinophyte grows during ontogeny, therefor size is maturity dependant as 

opposed to species dependant. For this reason the small forms of this morphotype, falling outside the 

stated'size measurements for the species, are included. 
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Chapter 6. The Chitinozoa Eisenack 1931. 

introduction. 

The term chitmozoa was introduced by Eisenack (193 1) for the pseudochitinous, capsulate, acid 

resistant fossils that he recorded from the Baltic Silurian. In that publication (p. 80) he defined the 

group as follows: "Axially symmetrical animals of small rod, club, flask or bubble shape, structureless, 

chitinous cuticle which is always open at the oral end and the aboral end is probably closed or at best 

furnished with a very narrow opening. In the majority of cases this end is indented. Size from 70um- 

1500um. Often the test bears characteristic spines. (etc. ne open oral end becomes oriented 
downwards in the genus Desmochitina). 0 

Since the early records of the chitinozoa, which relied primarily on the shape of the blackened outline 

of the vesicle for their recognition, chitinozoan studies have progressed greatly, notably with the 
introduction of scanning electron microscopy, to provide refined biostratigraphic resolution in lower 

Ordovician-Devonian sequences. 

Chitinozoan momhology. 

The morphological terms used for the chitinozoa in this study are mainly those published by Combaz et 

al. 1967. Subsequent to this publication several contributions to the dictionary of morphological terms 

for this group have been made, notably those of Cramer 1967, Taugourdeau. et al. 1967, Jansonius 

1970, Jenkins 1970, Eisenack 1968b, 1972a & 1972b, Legault 1972a, & 1972b, Laufeld 1974, Wrona 

1980 and Paris 1981. 

A glossary of alphabetically ordered descriptive terms is given below which is largely after IAufeld 

1974 (p. 37) with some minor alterations and additions made. A pictorial representation of some of the 

terms used is presented (fig. 13). 

Aboral: The closed part of the vesicle opposite to the aperture. 

Aboral scar: Thin walled, central part of the base. Synonymous with the basal scar. 

Aperture: The main opening by which the vesicle communicates with the exterior. 
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Figure 13. Chitinozoan Illorphol(TY. 
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, 4ppendages: Processes extending from the basal edge. Iley may be reduced, elongated, simple, 

branching, coalescent or rhizoid, see Combaz et al. 1967, fig. 4. 

Basal callus: The thickened central part of the base. 

Basal edge: Ile convex part of the vesicle constituting the transition from the chamber to the base. 

Basal process: A process protruding aborally from the central part of the base. 

Base: The part of the chamber aborally of the basal edge. 

Body: Synonymous with chamber, sometimes referred to as the body chamber. 

Carina: A flange or membrane positioned at the basal edge of the chamber. It may be reduced, 

extended, perforate, reticulate or digitate, see Combaz et al. 1967, fig. 4. 

Chain: Tbree or more vesicles connected along their longitudinal axis. 

Chamber. The part of the vesicle between the base and the flexure, or where the latter is lacking, the 

collar or lip. 

Collar. The subeylindrical or orally widened part of the vesicle between the aperture and the chamber 

in forms lacking a neck. 

Distal: In an outward direction from the longitudinal axis. 

Flank: The part of the chamber between the shoulder and the basal edge. 

Fkxure: The concave part of the vesicle constituting the transition between the chamber and the neck. 

Longitudinal axis: 7be geometrical axis that runs from the aboral pole through the centre of the of the 

"rture. 

Mucron: The small teat or thickening that extends from the aboral pole, synonymous with basal callus. 

jVeck. 7be part of the vesicle between the flexure and the lip, or where the latter is lacking, the 

sq)erture. 
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operculum: A thin disc closing the vesicle. This is positioned between the chamber and the collar, or 

where the latter is lacking, the aperture. 

Oral: The part of the vesicle where the aperture is located. 

ornamentation: External morphological elements and sculpture of the vesicle wall. 7be following 

descriptive term am used here: scabrate, granulate, echinate (slender simple elements <Sum in 

length) and spinose (elements > Sum in length). Spinose ornamentation maybe simple or branching. 

Prosome: A thick plug-like element closing the vesicle. This is Positioned between the chamber and 

the collar, or where the latter is lacking, the aperture. 

praximal: In an inward direction towards the longitudinal axis. 

Shoulder. The convex part of the chamber positioned aborally of the flexure in forms with 

subcylindrical flanks. 

T, vin: Two specimens connected along their longitudinal axis. 

Yesick: The organic test as a whole. 

vesick shape: The terms used to describe the vesicle shape are: cylindrical, cylindro-spheroidal, 

spheroidal, conical, cylindro-conical, ovoidal or discoidal, see Combaz et al. 1967, fig. 2. 

Vesicle wall: Ile organic wall of the test enclosing the central cavity and consisting of one or more 

layers. The interior and exterior part of the vesicle wall may be smooth or ornamented. 

ne biological affinity of the chitinozoa: A bTief Teview. 

Ile biological affinity of the chitinozoa has been a point of much debate since the group was given its 

name by Eisenack (1931). 7be one, and probably only, aspect of their affinity that is agreed upon is 

their placement in the animal kingdom (Eisenack 193 1; Laufeld 1974). 

The problems of understanding the group biologically are much enhanced by the absence of modem day 

representatives. This, subsequently, leads to a lack of knowledge of the other stages of their life cycle. 

However, several speculative ideas have been made as to their affinity based upon observation of the 

morphology of the fossilised stage of the life cycle which is what we observe in palynological 

preparations. Observations of the detail in morphology took a major step foreword with the 

introduction of scanning electon microscopy. The availability of such detail has brought about a surge 

in interest in solving the chitinozoan affinity problem. 
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The mode of occurrence, as individuals, chains or cocoons, and their spatial distribution, chitinozoans 

having only been recovered from sedimentary rocks deposited in the marine realm, is additional 

information available to us. Ile group is also apparently stratigraphically restricted to the early 

ordovician through late Devonian with records of chitinozoan like microfossils reported from the 

earlier Precambrian and Cambrian (Bloeser et al. 1977, Bokhari 1980) and the later Mississippian 

(Wilson & Clarke 1960). 

Initial observations using light microscopy by Eisenack (193 1) led to the suggestion that they may be 

related to testacean rhizopods (Rhyzopodae =protozoans with root like pseudopodia). 7be fact that 

testacean rhizopods are fresh water dwellers, coupled with their susceptibility to dissolution when 

subjected to palynological oxidation agents, e. g. KOH, indicates that they are not related to this group 

(Eisenack 1931; Jansonius 1970 & Jenkins 1978). 

A number of theories concerning chitinozoan affinity are in debate at the present time. The suggestion 

that they were some kind of ciliate protists was first suggested by Eisenack (1932) and has received 

subsequent support from Deflandre (1942) and Reid & John (1981). The contention that the chitinozoa 

may be related to the allogromfid foraminifera was first proposed by Collinson & Schwalb (1955) and 

has been recently reintroduced, amongst considerable controversy, by Cashman (1991). Cashman 

(1990; 1991) observed microstructures, including micropores, a laminated wall structure and what he 

interprets to be juvenile chitinozoans positioned on the adult vesicle wall, which has led him to 

proposed that the chitinozoans were a monophyletic group of rhizopods. He also proposes an 

evolutionary pathway along which the chitinozoa evolved into the allogromfid foraminifera. 

A common interpretation of the chitinozoan test has been that it serves the purpose of an egg case. 

Various groups of fossils have been considered for the source of the eggs, the groups proposed having a 

similar spatial distribution and stratigraphic occurrence as that of the chitinozoa. The groups 

considered to be potential producers of the eggs include metimans of unknown affinity (Kozlowsky 

1963), graptolites (Jenkins 1970), scolecodonts and gastropods (Laufeld 1974, Paris 1981). Recent 

study of Late Silurian teratologic chitinozoan morphotypes by Jaglin & Paris (1992) led them to 

conclude that it is far more likely that the chitinozoa where eggs of marine organisms as opposed to a 

vegetative reproductive organ. 

Other less favourable interpretations include that of Obut (1973) who proposed the chitinozoa could be 

related to the dinoflagellates and Loquin (1981) who proposed a fungal affinity. Finally, there is the 

option that the chitinozoa may form an entirely unknown group of organisms (Bockelie 1981) with no 

fossil or modem day representatives. 
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The broad nature of the present study does not allow time for detailed SEM analysis of the chitinozoa 

assemblages. It is primarily for this reason, coupled with the general poor state of preservation of the 

assemblages that no further light can be shed on the chitinozoan affinity debate from this research. 

Chitinozoan classification. 

lie chitinozoa areconsidered undoubtedly to belong to the animal kingdom (Laufeld 1974). For this 

reason, their classification is subject to the rules of the International Code of Zoological Nomenclature 

(ICZN). 

7be earlier publications regarding the suprageneric classification of the chitinozoa are largely based 

upon the original suprageneric structure proposed by Eisenack (1931). 7be three families proposed by 

Eisenack (1931) were the Lagenochitinidae, containing flask shaped forms, the Conochitinidae, 

including forms with a conical shaped vesicle and the Desmochitinidae which includes species with a 

more globular vesicle which commonly form chains of individuals. Over the following 35 years, these 

families were emended and supplemented with additional families (Van Oyen & Calandra 1963; Wilson 

& Dolly 1964; Jansonius 1964; Taugourdeau 1966; Tappan 1966) as researchers felt the need for a 

more extensive suprageneric structure to cope with the, by then, rapidly expanding 'pool' of 

chitinozoan taxa. 

The only diversion from this trend was by the French school (Taugourdeau 1965; Combaz ed. 1965) 

who proposed an elaborate key to genera based on the presence or absence and the general nature of the 

copula, which they considered to be a critical feature of the chitinozoa. Descriptive terms rather than 

formal family names were utilised initially, however, Taugourdeau. (1966) replaced his earlier 

descriptive terms by emending the original families of Eisenack (193 1) and he, in addition, introduced 

the family Ancyrochitinidae. 

Eisenack (1968b) divided the chitinozoans into two groups above the family level which he called the 

operculida and the prosomida, the former possessing an operculum, the latter a prosome. In 1972 he 

renamed the groups the Operculatifera and the prosomatifera. 

In his Ph. D. thesis, Paris (1981) produced a comprehensive suprageneric scheme based on the broad 

framework introducedby Eisenack (1931). Aphylogenetic model for the chitinozoa (fig. 67) is also 

provided which lends considerable weight to his ideas. The scheme utilises the two groupings of 

Eisenack (1968; 1972), the Operculatifera and the ProsOm2tifera at the order level, and the three 

families of Eisenack (1931); the Desmochitinidae, which is emended; the COnOchitinidae which is 

restricted; and the Lagenochitinidae at the family level. Twelve subfamilies were also introduced with 

genera listed alphabetically within them. In the II years since. its publication, the scheme has 

commonly been adopted by chitinozoan workers dispite the prior warnings of JAufeld (1974) and 
Bockolie (1978). 
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Laufeld (1974, p-37) gives two substantial reasons for discarding any suprageneric scheme for the 

chitinozoa, both of which are still significant at the present time. He stated that a systematic scheme at 

the family level of a group of extinct fossils of uncertain affinity is far from convincing. His second 

criticism, which follows on from the first, is the potential of difficulty of access to a particular taxon 

positioned in an outdated scheme for future workers. 

Bockolie (1978) observed specimens of Lagenochitina from the Arenig of Spitsburgen which show the 

presence of an operculum and a prosome in a single specimen. Ile fact that both an operculum and a 

prosome, can occur in the same specimen raises doubts as to the groupings of he chitinozoa into the 

operculatifers, and the Prosomatifera. 

For the reasons of i. the questionable features Of chitinOzOan morphology (Bockolie 1978), ii. the 

inherent instability of any suprageneric scheme involving biota of unknown biological affinity and iii. 

the ease of access to taxa for future workers, the chitinozoa are listed here in alphabetical order. 
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Chitinozoan systematics. 

Chitinozoan taxa are listed in alphabetical order for the reasons given in the previous chapter. All 

m, easurements given are based on five specimens unless stated otherwise. 

Synonomy for the chitinozoa here largely follows that of Paris 1981. A synonymy list is provided 

where the present author is in disagreement with Paris (1981) or where the taxon was published post 
1981. 

The ages stated here for the holotypes of the species are those sited by their authors. 

Genus Ancyrochidna Eisenack 1955. 

Type species: Ancyrochitina ancyrea Eisenack 193 1. 

Generic description: Eisenack 1955, p. 163. 

Ancyrochitina ancyrea (Eisenack) Eisenack 1955. 

Plate 46, figs. 1,2 & 3; pl. 90, figs. 1,3 & 5; pl. 124, figs. I&2? 

Description: Eisenack 1931, p. 88-89, pl. 2, fig. 8-11, pl. 4, fig. 4. 

Holotype: Eisenack 1931, pl. 4, fig. 4. Age: Indeterminate, holotype recovered from drift sediments. 

Remarks: The morphological limits of A. ancyrea as outlined by IAufeld 1974, p. 39 are adhered to 

here. The most diagnostic feature of this taxon are the appendages arising from the basal edge of the 

vesicle that branch in an antler-like fashion. Ancyrochitina primativa Eisenack 1964 and A. 

pachyderma Laufeld 1974 both possess simple appendages. Ancyrochitina merga Jenkins 1970 differs 

in possessing a greater number of appendages that are generally shorter in their length than those on A. 

ancyrea. Ancyrochitinaftagilis Eisenack 1955 has slender, more fragile appendages. 
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Ancyrochitina ancyrea? var. A. 

Plate 157, figs. 1-4; pl. 169, fig. 1. 

Remarks: Specimens included here are questionably assigned to the species A. ancyrea due to the thick 

Shafts Of the appendages and the limited branching of the appendage distal extremities. However, this 

variety is characterised by this appendage morphology and by the spinose ornamentation on the vesicle 

neck. 

Comparable forms are A. ftankeli Wright 1976 and A. morzadeci sensu Boumenjel ef al 1988. lie 

former differs in possessing larger and more prominent ornamentation on the neck. Ile latter has the 

same style and distribution of ornamentation on the vesicle as but differs from A ancyrea? var. A. in 

possessing shorter appendages. 

Ancyrochitinaftagilis Eisenack 1955. 

Plate 92, figs. 5,6 & 7. 

Description: Eisenack 1955, p. 175, pl. 2, figs. 1-6. 

Holotype: Eisenack 1955, pl. 2, fig-1. Age: Silurian. 

Remarks: Ancyrochitinafragifis differs from A. ancyrea in possessing longer and more slender 

appendages that generally branch in a less complex manner. Several varieties of this species have been 

recorded in the present study. 

Ancyrochitinaftagilis var. brevis Taugourdeau & Jekhowsky 1960. 

Plate 90, figs. 2,4 & 6. 

Description: Taugourdeau & Jekhowsky 1960, p. 1219, pl. 1, figs. 12 & 13. 

Holotype: Taugourdeau & Jekhowsky 1960, pl. 1, fig. 12. Age: Gothlandien-Lower Devonian. 

Renvuics: This variety is distinguished by the presence of slender appendages that furcate at the distal 

quarter of the appendage lengtli. The furcating spines reunite at the distal extremity of the appendage 

to give a hollow, subspherical structure. 
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Ancyrochitinaftagilis var. regularls Taugourdeau & Jekhowsky 1960. 

Plate 9 1, figs. I&3. 

Description: Taugourdeau & Jekhowsky 1960, p. 1219, pl. 1, figs. 15. 

Holo": Taugourdeau & Jekhowsky 1960, pl. 1, fig. 15. Age: Lower Devonian. 

Remarks: This variety has simple appendages and a much shorter neck than the holotype, of the 

species. 

Ancyrochitinaftagilis var. A 

Plate 91, figs. 2,4 &5; pl. 92, figs. 1-4; pl. 124, figs. 4&5. 

Remarks: This variety of A. firagilis has relatively long and slender appendages protruding from the 

basal edge of the vesicle. The appendages furcate in the distal half of the process, usually in the distal 

third, to form flexible slender pinnae. Branching of the appendages is upto the third order. 7be 

slender nature of the appendages and the branching pinnae at the appendage terminations distinguish 

this varietY. 

Ancyrochitina pachyderma Laufeld 1974. 

Plate 93, figs. 1 -5. 

Description: Laufeld 1974, p. 45-46, fig-IOA-F. 

Holotype: Laufeld 1974, fig. IOF. Age: Silurian. 

Remarks: Ancyrochitina pachyder7na closely resembles A. primativa Eisenack 1964 in possessing 

simple appendages. However, A. pachydema has appendages which are generally longer with much 
broader bases. 
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Ancyrochitina pilosa Taugourdeau & Jekhowsky 1960. 

Plate 94, figs. 1,2 & 3. 

Description: Taugourdeau & Jekhowsky 1960, p. 1220, pl. 11, figs. 23 & 24. 

Holotype: Taugourdeau & Jekhowsky 1960, pl. II, figs. 23. Age: Silurian. 

Ancyrochitina primativa Eisenack 1964. 

Plate 69, figs. 1& 2; pl. 75, fig. 1-5. 

Description: Eisenack 1964, p. 323-324, pl. 27, figs. 1-6 & 8-14, pl. 28, figs. 1-5. 

Holotype: Eisenack 1964. Age: Silurian. 

Remarks. All specimens recorded here are from Telychian (upper Llandovery) to Sheinwoodian (lower 

Wenlock) aged sediments. The species is characterised by relatively short, simple appendages. 

Ancyrochitina pacft)de? 7na generally has longer simple appendages that have broader bases. 

Ancyrochitina tor7nentosa Taugourdeau & Jekhowsky 1960. 

Plate 143,1?; pl. 124, figs. 6&7? 

Description: Taugourdeau & Jekhowsky 1960, p. 1220-1221, pl. 11, figs. 27,28 & 27. 

Holotype: Taugourdeau & Jekhowsky 1960, pl. 11, fig. 27. Age: Gothlandian. 

Remarks: This species is characterised by the presence of short, sturdy appendages arising from the 

basal edge that start branching adjacent to the vesicle. Spines are also apparent on the neck of the 

vesicle in this taxon, in contrast with the otherwise similar species Ancyrochitina asterigis Paris 1981 

which has a smooth neck. 
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Ancyrochitina tumida Taugourdeau & Jekhowsky 1960. 

Plate 124, fig. 8; pl. 143, fig. 2. 

Description: Taugourdeau & Jekhowsky 1960, p. 1221, pl. 11, fig. 30 & 31. 

Holotipe: Taugourdeau & Jekhowsky 1960, pl. 11, fig. 30. Age: Lower Devonian. 

Remarks: Ibis species has a similarly shaped body chamber and form of basal edge appendages as A. 

ancyrea but differs in possessing a much shorter neck. Ancyrochitina tomentosa has more robust 

appendages that start to branch adjacent to the vesicle. 

Ancyrochitina sp. 1. 

Plate 53, figs. 4,5 & 6; pl. 54, figs. 1-4. 

Dewription: A species of Ancyrochitina with a cylindro-conical shaped vesicle. The length of the 

vesicle ranges between 135-175um. The chamber width ranges between 70-85um and the width of the 

neck is between 30-40um. The neck is slightly flaring towards the oral opening. Ile chamber 

occupies between 1/2 to 3/4 the total length of the vesicle. Long slender appendages protrude from the 

basal edge. 7be appendages are upto 40um. in total length and less than 7um wide. They branch upto 

the second order in the distal half of their length. The appendages appear to have a rbyzoid (sponge- 

like) texture. T'he wall of the vesicle has a scabrate surface. 

Remarks: This species is distinguished by the cylindro-conical shaped vesicle and the rhyzoid textured, 

slender branching processes. A closely comparable species, which was recorded from a similar 

stratigraphic level, is McWhochitina spongiosa (Achab 1977) which has a similar vesicle shape and 

rhyzoid textured appendages. The appendages of this species, however, join distally to form a 

trabeculum. Ancyrochitina merga Jenkins 1970 possesses a greater number of appendages that are 

shorter in their length than those of Ancyrochitina sp. 

Specimens recorded here are commonly without appendages due to mechanical breakage. However, the 

proximal stubs of the broken appendages are apparent when observed under high magnification. 
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Ancyrochitina sp. 2. 

Plate 70, figs. I&2. 

Remarks: The six poorly preserved specimens included here are all fmgmented. For this reason a full 

description of this taxon is not possible. However, there are several features apparent that may enable 

this form to be identified by future workers. 7lie chamber is ovoidal in shape and surmounted by a 

cylindrical neck of moderate length (neck length is approximately equal to chamber length). The entire 

vesicle length is approximately 150-200m (4 specimens measured). The surface of the vesicle is 

scabrate or micro-echinate. Several appendages protrude from the basal edge, the number and 

morphology of which is not clear from these fractured specimens. A diagnostic feature is the rhyzoid 

texture of the appendages. 

Ancyrochitina sp. 2 is only recorded from Telychian Oate Uandovery) sediments in the pre-sent study. 

Genus Angochidna Eisenack 1931. 

Type species: Angochitina echinata Eisenack 193 1. 

Generic description: Eisenack 1931, p. 82. 

Angochitina ceratophora? Eisenack 1964. 

Plate 125, figs. 1&2. 

Description: Eisenack 1964, p. 320-321, pl. 30, figs. 7-9. 

Holotype: Eisenack 1964, pl. 30, fig. 7. Age: Silurian. 

Remarks: Three poorly preserved specimens are questionably assigned to this taxon. These specimens 

am distinguished from Ancyrochitina species by the subspherical body chamber indicating the absence 

of a basal edge. 
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Angochitina chlupachi Paris & Laufeld 1981. 

Plate 132, figs. 2,3 & 6. 

Description: Paxis&lAufeldl981, p. 14, pl. 3, figs. 9,10,13,14,16,18,20&22. 

Holotype: Paris & lAufeld 1981, pl. 3, figs. 9. Age: Lochkovian. 

Remarks: This species has a more ovoidal shaped body chamber and less dense ornamentation than A. 

echinata Eisenack 1931. 

Angochitina crassispina Eisenack 1964. 

Pl. 118, fig. 1,2,3 & 4? 

Description: Eisenack 1974, p. 320, pl. 30, figs. 3 & 4. 

Holotype: Eisenack 1974, pl. 30, fig. 3. Age: Silurian. 

Remarks: This species has a very sparse Ornament Of Prominent spines. Angochitina echinata Eisenack 

1931 has a more dense ornamentation. Angochitina chlupachi has a more elongate, ovoidal shaped 

vesicle. 

Angochitina echinata Eisenack 1931. 

Plate 94, figs. 4,5 & 6. 

Description: Eisenack, p. 82, pl. 1, figs. 6 & 7. 

Holotype: Eisenack 193 1, pl. 1, fig. 7. Age: Silurian. 

Remarks: A complex of Angochitina species of similar morphology Occur in the Silurian samples 

studied here. lAufeld (1974) reported a similar range of morphotypes from the Silurian of Gotland and 
it is essentially his parameters for the species that have been utilised here. 

Angochitina echinata has a more globose body chamber than both A. elongata Eisenack 1931 and A. 

longicollis Eisenack 1959.7bese three species all PO'Iess simple Ornamental. spines. Angochitina 
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dewnica Eisenack 1955 has longer, robust, furcating spines and a shorter neck than the three species 

mentioned above. 

Angochitina elongata Eisenwk 193 1. 

Plate 95, figs. I&2. 

Description: Eisenack 193 1, p. 82, pl. 1, figs. 8&9. 

Holotype: Eisenack 1931, pl-1, fig. 8. Age: Silurian. 

Remarks: Angochitina echinata has a more globose body chamber and A. longicollis has a longer neck 

than A. elongata. 

Angochitina milanese Collinson & Scott 1958. 

Plate 169, fig. 5. 

Description: Collinson & Scott 1958, p. 11-13, pl. 1, figs. 1-5,7,8,19 & 26. 

Holotype: Collinson Y Scott 1958, pl. 1, fig. 2. Age: Middle Devonian. 

Angochitina philippoti Complex. 

Plate 157, figs. 5 & 6; pl. 158, figs. 1-5; pl. 169, figs. 3 & 4. 

Remarks: Included here are a range of morphotypes from the Lower and Middle Devonian that without 

the use of scanning electron microscopy are not practically distinguishable. Ile vesicle shape is 

cylidro-spheroidal and is ornamented with numerous branching processes positioned on the body 

chamber and on the neck. In the darkened material studied here, the distribution of processes, be it in 

vertical rows as in Gothlandochitina, or in horizontal rows as in Alpenachitina or randomly distributed 

as in Angochitina, is not apparent using the light microscope. At the present time, this group of forms 

are of little value for high resolution biostratigraphy because of the numerous misidentifications of 

these morphotypes in the literature (Paris 1988). As a result of both the observation technique used in 

the present study (light microscopy only) and the state of preservation, this situation can not be 

improved upon here. 

193 



Species included in this complex of forms are Angochitina philippoti Paris 1976, A. caeciliae Paris 

1976, A. devonica Eisenack 1955, Gothlandochitinajouannensis Paris 1976, G. illiziensis Boumenjel 

1985, G. marettensis Paris 1981, G. racheboej? Paris 1981 and Gothlandochitina sp. A Paris 1985. 

Angochitina? cE seurad Paris 1988. 

Plate 70, figs. 4,5 & 6. 

Holotype: Paris 1988, pl. 12, fig. 2. Age: Rhuddanian (early 11andovery). 

Remarks: Compare with Paris 1988, p. 77-78, pl. 12, figs. la-b, 2&3. The four specimens assigned to 

this taxon, all recorded from Telychian Oate Llandovery) aged sediments, have the same slender shaped 

vesicle as A. Seurati. 11ese specimens also have a pilose ornamentation which is a diagnostic feature of 

A. seurati, the detail of which is not apparent from the light microscopy analysis undertaken. It 

appears that the specimens observed in the present study have shorter pila than those of the type 

specimens. This brings about the questionable assignation of this species (i. e. cf. seuran) to the genus 

Angochitina. It may be argued that this species be best accommodated in the genus Sphaerochitina 

Eisenack 1955 because of the presence of shorter ornamental spines. 

Angochitina sp. 1. 

Plate 76, figs. 1-7. 

Description: A species of Angochitina with a cylindro-spherical shaped vesicle. The vesicle is 

relatively small ranging in length from 90-1 10um. The chamber width ranges between 65-80um and 

the width of the neck is between 25-30um. The neck flares towards the oral opening. The chamber 

occupies approximately 1/2 of the total length of the vesicle. Short slender appendages are present on 

the chamber and on the neck. They tend to be better developed on the body chamber towards the 

aboral surface where they commonly bifurcate at the distal extremity. Ile appendages are upto Sum in 

total length and are no more than 3um wide at their base. Ile wall of the vesicle has a smooth or 

scabmte. 

Remarks. Appendages are commonly broken in the poorly preserved assemblage observed here. 

However, this species is distinct by way of its vesicle shape and its delicate bifid spines. Angochitina 

devonica has & similar shaped vesicle but differs in possessing more robust appendages. 
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Genus Armoricochitina Paris 1981. 

Type species: Armoricochilina ceneratiensis (Paris) Paris 1981. 

Generic description: Paris 198 1, p. 175-176. 

Armoricochitina nigerica (Bouche) Molyneux & Paris 1985. 

Plate 55, figs. 1-5. 

Description: Rouche 1965, p. 157-158, pl. 2, figs. 8,12 & 13. 

Holotype: Bouche 1965, pl. 2, fig. 8. Age: Upper Ordovician. 

Remarks: Ile specimens recorded here show a considerable variation in the overall size of the vesicle. 

Genus Belonechidna Jansonius 1964. 

Type species: Belonechitina micracantha (Eisenack) Paris 198 1. 

Generic description: Jansonius 1964, p-906. 

Belonechitina capitata (Eisenack) Paris 1981. 

Plate 47, figs. 1-4; pl. 56, fig. 4 & 5. 

Description: Eisenack 1962, p. 310-31 1, pl. 15, figs. 6-8. 

Holotype: Eisenack 1962, pl. 15, fig. 6. Age: Indeterminate as the holotype was recovered from drift 

sediments. 

Remarks. This species of Belonechitina has a low apiculate ornamentation and a rather bulbous aboral 

margin. 
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Belonechitina micracantha (Eisenack 1931) 

Plate 35, figs. 6 & 9; pl. 47, fig. 5; pl. 48, fig. I&6. 

Dewription: Eisenack 1931, p. 84-85, pl. 1, figs. 19-21, pl. 2, figs. 20-22, pl. 4, fig. 15. 

Holotype: Eisenack 193 1, pl. 1, fig. 19. Age: Ordovician. 

Remarks: Specimens included here are generally too poorly preserved to be assigned to a subspecies of 
B. Micracantha. Belonechitina robardeti Paris 1981 has a more sparse distribution of spines over the 

vesicle than B. micracantha. 

Belonechitina micracantha subsp. micracantha (Eisenack 1959). 

Plate 26, figs. 2 & 3; pl. 35, figs. 7 & 8; pl. 47, figs. 6,7 & 8. 

Description: Eisenack 1959, pl. 1, fig. 5, pl. 3, fig. 12. 

Holotype: Eisenack 1959, pl. 1, fig. 5. Age: 

Remarks: This subspecies is distinguished by the short ornamental spines and the angular nature of the 

vesicle between the aboral margin and the side of the body chamber. 

Belonechitina micracantha subsp. pellifera (Eisenack 1959). 

Plate 36, figs. 1,4 & 5. 

Description: Eisenack 1959, pl-1, fig. 5-7. 

Holotype: Eisenack 1959, pl. 1, fig. 7. Age: 

Remarks: This subspecies is distinguished by the relatively long spines and the convex aboral vesicle 

margin. 
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Belonechitina micracantha subsp. robusta (Eisenack 1959). 

Plate 26, pl. 1; pl. 36, figs. 2 & 3. 

Description: Eisenack 1959, pl. 1, fig. 5, pl. 3, fig. 12. 

Holotype: Eisenack 1959, pl. 1, fig. 5. Age: 

Remarks: This subspecies is distinguished by the relatively long and rigid ornamental spines. It differs 
from B. micracantha subsp. pellifera in the shape of the aboral margin. The junction between the 
aboral margin and the side of the body chamber is noticeably more angular in B. micracantha subsp. 
robusta than in the subsp. pellifera. 

Genus Bursachidna Taugourdeau 1966. 

Type species: Bursachitina bursa (raugourdeau & Jekhowsky) Taugourdeau 1966. 

Generic description: Taugourdeau 1966, p. 34. 

Bursachitina bursa (Taugourdeau & Jekhowsky) Taugourdeau 1966. 

Plate 159, figs 3&4; pl. 169, fig. 6 

Description: Taugourdeau & lekhowsky 1960, p. 1225, pl-VII, figs. 89 & 90. 

Holotype: Taugourdeau & Jekhowsky 1960, pl. Vll, figs. 89. Age: Lower Devonian. 

Remarks: A similar species morphologically is Butbochitina bulbosa Paris 1981 which differs in 

possessing a narrower aperture and a more inflated aboral part of the chamber. 

Genus Calpichidna Wilson & Hedlund 1964. 

Type Wcies: Calpichitina scabiosa Wilson & Hedlund 1964. 

Generic description: Wilson & Hedlund 1964. 

197 



Calpichitina knticularis (Bouche) Paris 1981. 

Plate 56, figs. I&2. 

Description: Bouche 1965, p. 160, pl. 2, figs. 14 & 15. 

Holotype: Bouche, 1965, pl. 2, fig. 14. Age: Silurian. 

Remarks: Specimens observed here are almost identical in morphology to those recorded from the 
Ashgill of the Anti Atlas by Elaouad-Debbaj (1984a). 

Calpichitina sphaerica (raugourdeau & lekhowsky) Paris 1981. 

Plate 132, figs. 4 & 5; pl. 144, fig. 1. 

Description: Taugourdeau & Jekhowsky 1960, p. 1227, pl. 7, fig. 103. 

Holotype: Taugourdeau & Jekhowsky 1960, pl. 7, fig. 103. 

Remarks: Specimens recorded here are of closely comparable morphology with those illustrated by 

Paris 1981 from the Gedinnian of Armorica. 

Calpichitina sp. 1. 

Plate 100, fig. I. 

Description: Vesicle subspherical with a thickened rim bordering the spherical aperture. Ile vesicle is 

ornamented with densely packed echinae of < 3um, in height. The diameter of the vesicle ranges 

between 50-75um (two specimens measured). 

Remarks: Only two specimens of this taxon have been recorded in the present study. It can be 

distinguished by the presence of fine echinae on the chamber wall. 
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Calpichitina sp. 2. 

Plate 80, figs. 8&9; pl. 100, fig. 2; pl. 134, figs. 3,5&6. 

Description: Vesicle subspherical with a thickened rim bordering the r es I , pherical aperture. The v ic e is 

onwnented with densely packed grana < 2um in height and < 2um in diameter. 7be diameter of the 

vesicle ranges between 60-75um. 

Remarks: This species of Calpichilina is distinguished by the Presence of grana on the vesicle wall. 
Calpichilina sp. I differs in possessing an echinate ornamentation. 

Genus Cingulochitina Paris 1981. 

Type species: Cingulochitina cingulata Eisenack 1937. 

Generic description: Paris 1981, p. 164-165. 

Remarks: The author has endeavoured to use the species in this genus that were utilised by Paris 1981, 

(p. 165) to maximise the comparability of the assemblages studied here with those from south-west 
Europe 

Cingulochitina convew (Laufeld) Paris 1981 

Plate 95, fig. 3 & 6; pl. 133, figs. 1,2 & 3; pl. 144, fig. 5. 

Description: lAufeld 1974, p. 97, fig. 58. 

Holotype: Laufeld 1974, fig-58D. 

Remarks: Specimens recorded here accord well with the type material. 

Cingulochitina cf. convexa (Laufeld) Paris 1981 

Plate 95, figs. 4 & 5; pl. 96, figs. 1-7; pl. 112, figs-5 & 6; pl. 125, figs. 3-7; pl. 133, figs. 4-8; pl. 144, 
figs. 2 & 3. 

Holotype: IAufeld 1974, fig. 58D. 
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Remarks: Compare with IAufeld 1974, p. 97, fig. 58. Cingulochitina cf. conve-w here has a more 

elongate vesicle than type specimens of the species. Laufeld described the type material as having 

uncommon twins and chains which also differs from the present material as many chains of specimens 
have been recorded. Cingulochitina cf. convexa is synonymous with C. sp. aff. conve-w of Paris 1981, 

p. 165. 

Cingulochitina ervensis (Paris) Paris 1981. 

Plate 144, figs. 7,8 & 9; pl. 112, figs. 3 & 4?; pl. 118, fig. 6. 

Description: Paris 1979, p. 59-61, pl. 1, fig. 1-8. 

Holotype: Paris 1979, pl. 1, fig. 1. Age: Emsian. 

Remarks: The interpretation of this species by Paris 1981 (p. 167, text-fig. 78) is followed here. 

Cingulochitina plusquelled Paris 19 8 1. 

Plate 144, fig. 6. 

Description: Paris 1981, p. 171-174, pl. 32, figs. 1-5,10 & 21, text-fig. 78. 

Holotype: Paris 1981, pl. 32, figs. 3. Age: Gedinnian. 

Remarks: The interpretation of this species by Paris 1981 (p. 167, text-fig. 78) is followed here. 

Cingulochitina serrata (raugourdeau & Jekhowsky) Paris 1981. 

plate 96, fig. 1-7; pl. 112, fig. 2; pl. 126, fig. 1; pl. 134, fig. 1; pl. 144, fig. 5; pl. 151, figs. 4&5. 

Description: Taugourdeau & Jekhowsky 1960, p. 1226, pl. 6, figs. 76-79 & 81 (not 8o, [paris, 19811). 

Holotype: Taugourdeau & Jekhowsky 1960, pl. 6, fig. 76. Age Gotlandian. 
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Remarks: Cingulochitina serrata has a short neck and an almost equidimensional, vesicle (i. e. the 
length is equal or slightly greater than the width). This species is shorter in length than the other 

"cies of Cingulochitina recorded in the present study. 

Cingulochitina cf. serrata Craugourdeau & Jekhowsky) Paris 1981. 

Plate 97, figs. 8,9 & 10; pl. 126, figs. 2,3,4 & 6; pl. 134, figs. 4 & 7. 

Holovipe: Taugourdeau & Jekhowsky 1960, pl. 6, fig. 76. Age Godandian. 

Remarks: Compare with Taugourdeau &Jekhowsky 1960, p. 1226, pl. 6, figs. 76-79 & 81 (not go, 

paris, 1981]). Specimens included here are essentially transitional forms between C. semata and 

Cingulochitina sp. A (herein). Specimens are slightly longer than they are broad, in a similar manner 

to c. serrata, but they are rather larger in size (> 100urn in length). Cingulochitina sp. I is a more 

slender form than C. cf. serrata. 

Cingulochitina sp. 1. 

Plate 79, figs. 10 & 11; pl. 98, figs. 1-8; pl. 126, figs. 5 & 7. 

Description: A species of Cingulochitina with an almost straight sided, conical vesicle. The length of 

the, vesicle ranges between 115-145um. The vesicle width ranges between 50-65um at the aboral 

nuygin and tapers towards the oral opening. The vesicle width at the oral margin range's between 27- 

45um- The vesicle flares orally from the position of the prosome. A reduced carina is present at the 

basal edge. The vesicle wall is smooth. 

Re 'marks: 
The shape of the specimens included in Cingulochitina sp. I are comparable with the 

illustration of C. dngulata by IAufeld 1974, fig. 57D, but they tend to be slightly more elongated. An 

Sational difference is that Cingulochitina sp. I encompasses forms with broad and narrow carina. 

This taxon includes this variation as it is commonly not possible to decipher the carina. width using 

light microscopy. Cingulochitina sp. I is also larger than C dnguWa, having a vesicle length greater 

than n5um. 17hese forms are very similar in shape and size to Ongulachitina sp. A of Paris 1981 

(p. 174, fig. 78). 

An unusual variety of this rather broad taxon has been recorded from Ludlow aged sediments. 
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Cingulochitina sp. I var. A. 

Plate 99, figs. 1,2 & 3. 

Remarks: This variety is only recorded ftom latest Gorstian (Ludlow) aged sediments in this study. It 

is distinguished by the presence of striations running perpendicular to the longitudinal axis of the 

vesicle. 

Genus Conochidna Eisenack 1931 ernend. Nris 1981. 

Type species: Conochitina claWformis Eisenack 193 1. 

c; eneric description: Paris 1981, p. 178. 

Conochitina annilata Taugourdeau & Jekhowsky 1960. 

Plate 80, fig. 3. 

Description: Taugourdeau & Jekhowsky 1960, p. 1222, pl. 3, figs. 44,45 & 46. 

Holotype: Taugourdeau & Jekhowsky 1960, pl. 3, fig. 44. Age: Silurian. 

Conochitina brevis Taugourdeau & Jekhowsky 1960. 

Plate 12, figs. 1-8; pl. 26, figs. 4,5 & 6; pl. 70, fig. 3; pl. 80, fig. 2. 

DescriPtiOn: Taugourdeau & Jekhowsky 1960, p. 1222, pl. 3, figs. 47,48 & 49. 

Holotype: Taugourdeau & Jokhowsky 1960, pl. 3, fig. 47. Age: Silurian. 

Conochitina chydaea Jenkins 1967. 

Plate 37, fig. 4-7. 

Description: Jenkins 1967, p. 453, pl. 70, figs. 4-8. 
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Holotype: Jenkins 1967, pl. 70, fig. 4. Age: Llanvirn. 

Remarks: Conochitina simplex Eisenack 1931 has a broader chamber than C. chydaea. Conochitina 

intemw, dia Eisenack 1955 has a simple conical chamber. 

Conochitina cL chydaea Jenldns 1967. 

Plate 37, figs. 2 & 3. 

Holotype: Jenbw 1967, pl-70, fig. 4. Age: Llanvim. 

Remarks: Compare with Jenkins 1967, p. 453, pl. 70, figs. 4-8. Specimens included here have a more 

rounded aboral margin than does C. chydaea. The sides of the vesicle are also more parallel in these 

forms compared to the orally tapering sides of the type specimens. A comparable form is one described 

in open nomenclature by Paris 1981. His Conochitina sp. D (p. 189, pl. 9, fig. 4) is almost identical to 

the specimens included in C. cf. chydaea here. 

Conochitina cf. kpida Jenkins 1967. 

Plate 26, fig. 9; pl. 48, fig. 5. 

Holotype: Jenkins 1967, pl-70, fig. 2. Age: Caradoc. 

Remarks: Compare with Jenkins 1967, p. 452-453, pl. 70, figs. 2 & 3. Specimens included here have a 

less pronounced flexure between the body chamber and the neck of the vesicle than in the type material. 

Genus Cyathochitina Eisenack 1955 emend. Paris 1981. 

Type species: Cýathochltina campanulaefonnis (Eisenack) Eisenack 1955. 

Generic description: Paris 1981, p. 287. 
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Cýalhochitlna calLx (Eisenack) Eisenack 1958. 

Plate 37, fig. 1. 

Description: Eisenack 1931, p. 87, pl. 2, fig. 3, pl. 4, fig. 14, text-fig. l. 

Holotype: Eisenack 1931, pl. 2, fig. 3. Age: Indeterminate as the holotype was recovered from Baltic 

drift sediments. 

Remarks: Cyathochitina campanuWormis (Eisenack) Eisenack 1955 has a broader and more stout test 

than C. CajLx. 'The former also differs in possessing a conical chamber that tapers rapidly orally. 

Cyathochitina campanulaeformis (Eisenack) Eisenack 1955. 

Plate 27, fig. 1; pl. 36, fig. 6; pl. 49, figs. 2 & 5; pl. 74, fig. 4. 

Description: Eisenack 1931, p. 86, pl. 2, figs. 1 & 2, pl. 4, figs. 1 & 11-13. 

Holotype: Eisenack 193 1, pl. 2, fig. 2. Age: Indeterminate as the holotype was recovered from Baltic 

drift sediments. 

Remarks: Cyathochitina kuckersiana (Eisenack) Eisenack 1962 and C calLx sire morphologically 

similar to C campanuWormis. T'he former has a wide, membranous skirt-like carina, compared with 

the more narrow and rigid carina of C campanulaefonnis. Cýathochitina calix has a barrel-shaped 

body chamber as opposed to the orally tapering conical shaped chamber of C cwnpanulaeformis. 

Cyathochitina dispar Benoit & Taugourdeau 1961. 

Plate 48, fig. 7; pl. 49, fig. 1. 

Description: Benoit & Taugourdeau 1961, pl. 3, figs. 22-28. 

Holotype: Benoit & Taugourdeau 1961, pl. 3, figs. 28. Age: Ordovician. 

Remarks: Specimens included here are almost identical to the type specimen. 
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Cyathochitina cf. elenitae Cramer 1964. 

Plate 77, figs. 1,2 & 3. 

Holotype: Cramer 1964, pl. XUH, fig. 9. Age: Ludlow. 

Remarks: Compare with Cramer 1964, p. 345, pl. XXIII, figs. 9 & 10.7be three specimens included 

here have a similar shaped vesicle to the type specimens of C. elenitae. However, specimens here have 

a greater constriction of the neck in the viscinity of the prosome which is positioned further from the 

oral opening than in the type material. 

Cyathochitina cf. fistulosa Taugourdeau & Jekhowsky 1960. 

Plate 27, fig. 2. 

Holotype: Taugourdeau & Jekhowsky 1960, p. 1224 pl. V, fig. 67. Age: Ordovician. 

Remarks: Compare with Taugourdeau & Jekhowsky 1960, p. 1224, pl. V, figs. 67 & 68. The three 

specimens recorded here have the characteristic straight sided vesicle of this species, however they have 

a more stout vesicle than the tyrpe specimens. 

Cyathochitina sp. 1. 

Plate 7 1, figs. 1,2 & 3. 

Description: A species of Cyathochilina with a long cylindrical neck and a conical body chamber. 7be 

length of the vesicle ranges between 140-190um. 7be chamber width ranges between 76-90um and the 

width of the neck is between 25-33um. 7be chamber occupies between 113 and 1\2 the length of the 

vesicle. A reduced Carina is present at the basal edge. 7be vesicle wall is covered with a granulate and 

Inicroechinate ornamentation. 

Remarks: The distinctive cylindro-conical vesicle shape, the reduced carina and the ornamentation 

distinguish this species of Cýathochitina. Cyathochitina kuckersiana has the same general vesicle shape 

but this species has an extended carina and a smooth vesicle wall. Fungochifina species have the same 

vesicle shape and they also possess ornamentation. However, the presence of a reduced carina 

distinguishes CYathOchitina 9P. I from these forms. 
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Genus Desmochidna Eisenack 1931 onend. Eisenack 1962. 

Type species: Desmochitina nodosa Eisenack 193 1. 

Generic description: Eisenack 1931, p. 91-92. 

Desmochitina minor Eisenack 193 1. 

Plate 13, fig. 4?; pl. 26, fig. 8; pl. 38, figs. 3 & 4; pl. 49, fig. 4. 

Description: Eisenack 1931, p. 93, pl. 3, figs. 9-11. 

Holotype: Eisenack 1931, pl. 3, fig. 9. Age: Ordovician. 

Remarks: Eisenack (1962) united the four previously named species of Desmochitina, A minor 

Eisenack 193 1, D. erinacea Eisenack 193 1, D. cocca Eisenack 193 1, and A wnphorea Eisenack 1931 

under the name D. minor. The variation that is apparent is now considered to be intraspecific. Several 

of the original species names are presently in use asforma names within the species D. minor. 

Desmochitina minor forma cocca Eisenack 193 1. 

Plate 26, fig. 7; pl. 38, figs. 2 & 5; pl. 49, fig. 3. 

Description: Eisenack 1931, p. 94, pl. 3, figs. 14 & 15. 

Holotype: Eisenack 1931, pl. 3, fig. 14. Age: Ordovician. 

Remarks: This forma has a subspherical shaped vesicle. A pictorial comparison with some of the other 

published, formae (e. g. forma typica, forma ovulum) within the species D. minor is given by Paris 

1981, p. 119, fig. 68. 

Desmochitina piriformis Laufeld 1967. 

Plate 38, fig. 1; pl. 49, fig. 6. 

DescriptiOn: Laufeld 1967, p. 332-333, fig. 27A-E. 
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Holotype: Laufeld 1967, fig. 27A. Age: Caradoc. 

Remarks: This species is distinguished by having the widest part of the body chamber positioned 

towards the oral opening, as opposed to the widest part being mid-way between the aboral and oral 

poles of the chamber, as in D. minor. 

Genus Eisenackitina Jansonius 1964. 

Type species: Eisenackitina castor Jansonius 1964. 

. Generic description: Jansonius 1964, p. 912 

Eisenaddtina castor Jansonius 1964. 

Plate 159, fig. 6. 

Description: Jansonius 1964, p. 912-913, pl. 2, figs. 15-17. 

Holotype: Jansonius 1964, pl. 2, figs. 16. Age: Givetian. 

Eisenackitina raucheri Paris 1976. 

Plate 145, fig. 8. 

Description: Paris 1976, p. 103, pl. 17, figs. 13,14,19&23; pl. 18, fig. 18&22; pl. 21, figs. 6, S& 

14. 

Holotype: Paris 1976, pl. 76, fig. 17. Age: Lochkovian. 

Eisenackitina taugourdeaui (Rauscher & Doubinger) Paris 19 8 1. 

Plate 145, figs. 1,2,4 & S. 

Description: Rauscher & Doubinger 1967, p. 319-320, pl. 4, fig. 6. 

Holotype: Rauscher & Doubinger 1967, pl. 4, fig. 6. Age: Devonian. 
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Genus Eremochidna Taugourdeau & Jekhowsky 1960. 

Type species: Eremochitina baculata Taugourdeau & Jekhowsky 1960. 

Generic description: Taugourdeau & Jekhowsky 1960, p. 122. 

Eremochitina cE baculata Taugourdeau & Jekhowsky 1960. 

Plate 28, figs. I&2. 

Holotype: Taugourdeau & Jekhowsky 1960, pl. VIII, fig. 107. 

Remarks: Compare with Taugourdeau & Jekhowsky 1960, p. 1229, pl. VllI, figs. 107 & 108. Forms 

included here are transitional morphotypes between the species E. bacuWa and Eremochitina brevis 

(Benoit & Taugourdeau) Paris 1990. 

Eremochitina breWs (Benoit & Taugourdeau) Paris 1990. 

Plate 27, figs. 3,4 & 5; pl. 28, fig. 5 & 6. 

Description: Benoit & Taugourdeau 1961, p. 1410, pl. 4, figs. 44-46. 

Holotype: Benoit & Taugourdeau 1961, pl. 4, fig. 44. Age: Ordovician. 

Remarks: Eremochitina baculata has a longer and more slender vesicle. 

Genus Fungochilina Taugourdeau 1966. 

Type species: Fungochitinafungiformis (Eisenack) Taugourdeau 1966. 

Generic description: Taugourdeau 1966. 
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Fungochitina pistilliformis (Eisenack) Taugourdeau 1966. 

Plate 169, fig. 2? 

Description: Eisenwk 1931, p. 88, p. 88, pl. 2, figs. 6 & 7, pl. 4, figs. 2 & 3. 

Holotype: Eisenack 1931, pl. 4, fig. 2. Age: Silurian. 

Remarks: Two varieties of this species have been recorded in the present study. 

Fungochitina pistillifonnis var. lata (raugourdeau & Jekhowsky) Taugourdeau 1966. 

Plate 127, fig. 4; 145, figs. 3,6 & 7. 

Description: Taugourdeau & Jekhowsky 1960, p. 1232, pl. Xl, figs. 156 & 157. 

Holotype: Taugourdeau & Jekhowsky 1960, pl. XI, figs. 156. Age: Lower Devonian. 

Remarks: This variety possesses a relatively dense ornament of cones and short spines. 

Fungochitina pistilliformis var. A 

Plate 127, figs. 1&2. 

Remarks: Only two specimens of this taxon have been recorded in the present study. This variety has 

a relatively sparse distribution of ornamentation compared to Fungochitina pistilliformis var. lata 

which are in the form of broad based, rather rigid spines. 

Genus Gollandochitina Laufeld 1974. 

Type species: Gotlandochitina martinssoni Laufeld 1974. 

Generic description: Laufeld 1974, p. 83. 
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Gotlandochitina labdata Diez & Cramer 1978. 

Plate 99, fig. 4. 

Description: Diez & Cramr 1978, p. 207, pl. 1, figs. 37-39,41 & 42. 

Holotype: Diez & Cramer 1978, pl. 1, fig. 39. Age: Lower Devonian. 

Remarks: Ibe single specimen recorded here shows the diagnostic trabeculate ornamentation of this 

species. 

Genus Hoegisphaera Staplin M. 

Type species: Hoegisphaera glabra Staplin 196 1. 

Generic description: Staplin 1961, p. 419. 

Hoegisphaera cf. glabra Staplin 1961. 

Plate 80, fig. 4; pl-99, figs. 5 & 6; pl. 113, fig. 7; pl. I 18, fig. 7; pl. 134, fig. 2; pl. 154, fig. 5. 

Holotype: Staplin 196 1, pl. 50, fig. 5. Age: Upper Devonian. 

Remarks: Compare with Staplin 1961, p. 419-420, pl. 50, figs. 5-7. Specimens Included here are 

identical to the type specimens in all respects apart from size. The type specimens have a size range of 

110-130um in contrast with a diameter of 60-90um in the present material. 

Genus Jenkinochitina T%ris 198 1. 

Type species: Jenkinochitina oelandica (Eisenack) Paris 1981. 

Generic description: Paris 198 1, p. 190. 
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JenAlnochitina vulgaris Complex. 

Plate 38, fig. 6; pl. 49, figs. 8 & 9. 

Remarks: The state of preservation of the material observed and the fact that time only permits the use 

of light microscopy and not SEM analysis in the present study makes it impractical to split this complex 

of morphotypes. Species included in this complex are Jenkinochilina vulgaris, J. actonica (Jenkins) 

Paris 1981, J. communis (raugourdeau) Paris 1981 and J. traWlIensis (Paris) Paris 1981. 

Genus Lagenochidna Eisenack 1931. 

Type species: Lagenochitina baltica Eisenack 1931 

aeneric description: Eisenack 193 1, p. 80-8 1. 

Lagenochitina baltica Eisenack 193 1. 

Plate 29, figs. l. & 2; pl. 38, fig. 8. 

Description: Eisenack 1931, p-80-81, pl-1, figs. 1-3. 

Holotype: Eisenack 193 1, pl. 1, fig. 1. Age: Ordovician. 

Remarks: Lagenochitina capax Jenkins 1967 has a greater degree of flexure between the neck and the 

body chamber than L baltica. 

Lagenochitina capax Jenkins 1967. 0 

Plate 38, fig. 7. 

Description: Jenkins 1967, p. 465, pl. 73, figs. 2-3. (Fig. 2 is in fact a specimen of L. deunfii). 

Holotfpe: Jenkins 1967, pl. 73, fig. 3. Age: Camdoc. 

Remarks: Lagenochitina deunfli Paris 1974 is smaller than L. capax and L. baltica differs from the 

former in having a lesser degree of flexure between the body chamber and neck. 
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Lagenochitina? destombesi Elaouad-Debbaj 1988. 

Plate 13, figs. I&2. 

Description: Elaouad-Debbaj 1988, p. 91-92, pl. 7, fig. 1,4-6,10-12,15,17 & 20. 

Holotype: Elaouad-Debbaj 1988, pl. 7, fig. 6. Age: Tremadoc. 

Remarks: Ile assignment of this species to the genus Lagenochitina is questioned as the flexure 

between body chamber and neck is not at all clear on the illustrations of the type specimens by Elaouad- 

Debbaj - 

Lagenochilina deunffi Paris 1974. 

Plate 50, figs. 1,2,5 & 6; pl. 100, fig. 3. 

Description: Paris 1974,322-323, pl. 1, figs. 1-3, pl. 3, figs. 1,2 & 4, pl. 4, figs. 7 & 10. 

Holotype: Paris 1974, pl-3, fig. 1. Age: Lower Caradoc. 

Remarks: Lagenochitina capax Jenkins 1967 is considered to be a larger species than L. deun! ffi. Two 

specimens of L. capar are illustrated by Jenkins (pl. 73, figs. 2 & 3) with the holotype, fig. 3, measuring 

209UM in length. This contrasts with the vesicle length range for the species L. deunffl of 73-140um. 

Interestingly, given the range of the length of the vesicle in L. deuniffl, the other specimen illustrated by 

Jenkins, fig. 2, falls within this range, and is therefore a specimen of L. deunffl. 

Lagenochitina cf. deunffi Paris 1974. 

Plate 49, figs. 7 & 8. 

Holotype: Paris 1974, pl. 3, fig. 1. Age: Lower Caradoc. 

Remarks: Compare with Paris 1974,322-323, pl. 1, figs. 1-3, pl. 3, figs. 1,2 & 4, pl. 4, figs. 7 & 10. 

Specimens included here have a similarly narrow aperture and are of a similar size to L. deunffi. 

However, these forms have a more elongated vesicle. 
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Lagenochitina cf. naWcula Taugourdeau & Jekhowsky 1960. 

Plate 135, fig. 1. 

Holotype: Taugourdeau & Jekhowsky 1960, pl. IX, fig. 119. Age: Silurian. 

Remarks: Compare with Taugourdeau & Jekhowsky 1960, p. 1229-1230, pl. IX, figs. 119 & 120. 

Specimens observed here have the same vesicle shape as Lagenochitina naWcula but do not show 

evidence of the sear on the vesicle wall which occurs as a result of the unusual method of chain 
fonnation in this species. No chains of this taxon were observed. 

Lagenochitina ventriosa (Achab) Elaouad-Debbaj 1988. 

Plate 13, fig. 3. 

Description: Achab 1980, p. 232, pl. IV, figs. 5-7. 

Holotype: Achab 1980, pl. IV, figs. 5. Age: Arenig. 

Remarks: Specimens recorded here are closely comparable to the type specimens. 

Genus Margachilina Eisenack 1968 

Type species: Margachitina margaritana (Eisenack) Eisenack 1968. 

Generic description: Eisenack 1968, p. 182. 

Margachitina catenaria catenaria Obut 1973. 

Plate 151, fig. 7? 

Description: Obut 1973, p. pl. 15, fig. II 

Holotype: Obut 1973, pl. 15, fig-11. 
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Margachitina catenaria crassipes Paris 1981. 

Plate 146, figs. 2? & 3? 

Description: Paris 1981, p. 143-145, pl. 25, figs. 13-16. 

Holotype: Paris 1981, pl. 25, fig. 16. Age: Lochkovian. 

Margachitina catenaria tenuipes Paris 1981. 

Plate 146, fig. S. 

Description: Paris 198 1, p. 145-147, pl. 32, fig. 13?; pl. 33, figs. 12,16 & 18; pl. 34, figs. 4 & 6; 

pl. 37, figs. 13,14 & 16. 

Holotype: Paris 1981, pl. 34, fig. 4. Age: Pragian. 

Genus Muscochidna Paris 1981. 

Type species: Muscochitina muscosa Paris 19 8 1. 

Generic description: Paris 1981, p. 268. 

Muscochitina muscosa Paris 19 8 1. 

Plate 113, figs. 2? & 3?; pl. 146, figs. 6,7 & 8. 

DescriPtiOn: Paris 1981, p. 269-270, pl. 30, figs. 7,8,13-15 & 17-20; pl. 41, figs. 13 & 14. 

HolotYPe: Paris 1981, p. 269-270, pl. 30, fig. 17. Age: Gedinnian. 
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Genus Pkciochifina Croner 1964. 

Type species: Pkaochitina canninae Cramer 1964. 

Generic description: Cramer 1964, p. 346. 

Pkctochitina carminae? Cnuner 1964. 

Plate 100, figs. 5-8; pl. 101, figs. 1-4. 

Description: Cramer 1964, p. 346-347, pl. XX, figs. 19 & 21, text-fig. 49. 

Holotype: Cramer 1964, pl. XX, fig. 21. Age: Ludlow. 

Remarks: Ile specimens recorded here are poorly preserved, hence the elaborate and delicate 

appendages of this species are commonly broken. For this reason, the specimens recorded are 

questionably assigned to P. carminae. The rhizoid (sponge-like) texture of the appendages of the 

specimens recovered here appears identical to that of the appendages on the type specimens. P. 

carminae? is recorded only from the Saetograptus incipiens graptolite zone (latest Gorstian, lower 

Ludlow) in the present study. 

Plectochitina sp. 1. 

Plate 113, figs. 1,4,5 & 6. 

Remarks: Only one reasonably well preserved specimen and several damaged specimens have been 

recorded. The vesicle is cylindro-spheroidal in shape and approximately 150um in length. There are 

trabeculate aboral, appendages arising from the basal edge measuring upto approximately 40um in 

length. The appendages branch distally to join up with adjacent appendages. They appear tobe solid 

and are commonly broken in the material observed. The wall of the chamber and the neck appears to 

be smDoth. 

This form of Pkctochitina is recorded from the Monograptus transgrediens graptolite zone Oatest 

Pridoli) in the present study. 
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Genus Pogonochifina Taugourdeau 1961. 

Type species: Pogonochitina simplex Taugourdeau 196 1. 

Generic description: Taugourdeaul961, p. 147-148. 

PogOnochitina? secunda (Schallreuter) Paris 1981. 

Plate 39, fig. 4. 

Description: Schallreuter 1963, p. 394, pl. 1, fig. 1. 

Holotype: Schallreuter 1963, pl. 1, fig. 1. Age: Middle Ordovician. 

Remarks: Pogonochitina grandis Taugourdeau 196 1, P. simpkx Taugourdeau 1961 and A spinifera 

Taugourdeau 1961 all possess a more conical test than P?. secunda. Pogonochitina? secunda has a 

distinct flexure between the body chamber and the neck. 

Genus Pseudoclathrochidna Cramer 1%7. 

Type species: Pseudoclathrochitina camenchuae (Cramer) Cramer 1967. 

Generic description: Cramer 1967, p. 46. 

Pseudoclxhrochitina cf. carmenchuae (Cramer) Cramer 1967. 

Plate 71, figs. 6-9. 

Holotype: Cramer 1964, pl. XXIV, fig. IS. Age: Lower Devonian. 

Remarks: Compare with Cramer 1964, p. 346, pl. XXII, figs. 8,9 & 10, pl. XXIV, fig-18. The 

specimens recorded here have the same general vesicle shape and dimensions as p. carmenchuae. 

However the ornamentation is more elaborate in the present material. Of the three specimens recorded, 

only one is very well preserved. This specimen shows appendages protruding from the vesicle which 

branch in an anastomosing fashion distally to form a dense mesh. The two less well preserved 

specimens have a damaged mesh as can be seen in the plate illustrations. Pseudockuhrochitina cf. 
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carmenchuae is recorded from the Telychian (late Llandovery) aged sediments here, contrasting with 

the Upper Ludlow-Lower Gedinnian stratigraphic records of P. carmenchuae by Cramer (1964). 

Another species with a closely comparable morphology to P. cf. carmenchuae is Acanthochitina? 

rashidi Jenkins 1970, a form probably better placed in the genus PseudoclWhrochifina. This species, 

described from the late Ordovician of Oklahoma, has a similarly structured ornamentation which tends 

to be better developed on the flanks of the vesicle in the type specimens. Pseudoclxhrochitina cf. 

carmenchuae has ornamentation better developed at the aboral margin. 

Genus Plerochidna Eisenack 1955. 

Type species: Pterochitina perivelata (Eisenack) Eisenack 1955. 

Generic description: Eisenack 1955, p. 177. 

herochitina pefivelata (Eisenack) Eisenack 1955. 

Plate 127, fig. 6; pl. 134, fig. 8; pl. 135, fig. 2; pl. 147, figs. 1,2 & 3. 

DescriptiOn: Eisenack 1937, p. 229-230, pl. 16, fig. 4, text-fig. 7. 

Holotype: Eisenack 1937, pl. 16, fig. 4. Age: Silurian 

Genus Rhabdochitina Eisenack 1931. 

Type rpecies: Rhabdochitina magna Eisenack 193 1. 

Generic description: Eisenack 1931, p. 90-91. 

Rhabdochitina magna Complex. 

Plate 29, figs. 3 & 7; pl. 56, fig. 3; pl. 71, fig. 5; pl. 77, fig. 5; pl. 102, figs. 6 &7 

Remarks: This complex of forms have been commonly recorded in the literature from Ordovician and 

Silurian sediments, e. g. Eisenack 1931,1939, Jenkins 1967, Benoit & Taugourdeau 1961, lister & 

Downie 1967. The species of Rhabdochilina included in the complex are of very similar morphology 

and are not practically discernible from in the poorly preserved material observed here. For this 
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reason, these species have been grouped into the R.. magna Complex. They are Rhabdochitina magna 
Eisenack 193 1. R.. concephala Eisenack 1934, R.. truncata Taugourdeau 1961 & R.. Wrgata 

Taugourdeau 1961. 

Genus Sagenachidna Jenkins 1970. 

Type species: Sagenachitina oblonga (Benoit & Taugourdeau) Jenkins 1970. 

Generic description: Jenkins 1970, p. 270. 

Sagenachitina oblonga (Benoit & Taugourdeau) Jenkins 1970. 

Plate 30, fig. 5; pl. 39, fig. 1. 

Description: Benoit & Taugourdeau 196 1. p. 1406, pl. 1, figs. 1-6. 

Holotype: Benoit& Taugourdeau 1961, pl. 1, figs. 1& 2. Age: Arenig. 

Remarks: Sagenachitina retifera Craugourdeau & Jekhowsky) Jenkins 1970 has a longer neck relative 

to the body chamber than S. oblonga. The former has the more slender test of the two species. Ile 

mesh-work carinas of the specimens observed are generally poorly preserved. 

Sagenachitina cf. retifera (Taugourdeau & Jekhowsky) Jenkins 1970. 

Plate 30, figs. 1-4. 

Holotype: Taugourdeau & Jekhowsky 1960, pl. 2, fig. 25. Age: Arenig. 

Remarks: Compare with Taugourdeau & Jekhowsky 1960, p. 1222, pl. 2, figs. 25 & 26. lie specimens 

recorded here have constricted necks as opposed to the parallel-sided necks of the type specimens. 

Specimens observed have an almost identical test form to specimens assigned to S. cf. retifera by Paris 

1981 (p. 303, pl. 10, fig-18). 
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Genus Sphaerochitina Eisenack 1955. 

Type species: Sphaerochitina sphaerocephala (Eisenack) Eisenack 1955. 

Generic description: Eisenack 1955, p. 162. 

Sphaerochitina pilosa Collinson & Scott 1958. 

Plate 178, figs. 1-4; pl. 196, fig. 6. 

Synonomy: 1985, Fungochitinapilosa, Paris et aL, pl. 28, figs. 3-6 & 10. 

1988, Fungochitinapilosa, Paris in Streel et aL 

Description: Collinson & Scott 1958, p-21-22, pl. 3, figs. 1-5. 

Holotype: Collinson & Scott 1958, pl. 3, fig. 2- Age: Middle Devonian. 

Remarks: The transfer of this species to the genus Fungochilina by Paris (1981) is rejected on the basis 

of the spheroidal body chamber of this species, as illustrated by Collinson & Scott (1958, text-fig. 10, 

pl. 3, figs. 1-5). Specimens recorded here have a very similar morphology to the type specimens. 

Sphaerochitina sphaerocephala (Eisenack) Eisenack 1955. 

Plate 50, figs. 3,4 & 7; pl. 102, fig. l?; pl. 135, figs. 3,4 & 5; pl. 151, fig. 8?; pl. 178, fig. 5. 

Description: Eisenack 1932, p. 271-272, pl. 12, figs. 14 & 15. 

Holotype: Eisenack 1932, pl. 12, fig. 15. Age: Silurian. 

Remarks: Sphaerochitina impia Laufeld 1974 has a similar morphology but is smaller in size than S. 

sphaerocephala, ranging in length from 80-105m. Specimens with this relatively simple morphology 

that have a vesicle length greater than 105m are included in S. sphaerocephala. 
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Genus Urnochitina Paris 1981. 

Type species: Urnochitina urna (Eisenack) Paris 1981. 

Generic description: Paris 1981, p. 153. 

Urnochitina urna (Eisenack) Paris 1981. 

Plate 136, figs. I&2. 

Description: Eisenack 1934, p. 69, pl. 5, figs. 7-13, text-fig. 34. 

Holotype: Eisenack 1934, pl. 5, fig. 7. Age: Silurian. 

Genus Velatachitina Pomnot 1968. 

Type species: Velatachitina nebulosa Poumot 1968. 

Generic description: Poumot 1968, p. 49-51. 

Remarks: Two genera to compare with Vekitachitina are Eremochitina and Siphonochitina which both 

differ from the former in the structure of the aboral pole. The difference in these structures is well 

iflustrated by Paris 198 1, p. 23 1, fig. 100. 

Velatachitina nebulosa Poumot 1968. 

Plate 29, fig. 4. 

Description: Poumot 1968, p. 52, pl. 1, figs. 9 & 10. 

Holotype: Poumot 1968, pl. I fig-9. Age: Llandeilo. 

Remarks: Velatachitina veligera has a more elongate test and a shorter aboral velurn than v nebulosa. 
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Velatachitina veligera Poumot 1968. 

Plate 39, figs. 5,6 & 7. 

Description: Poumot 1968, p. 50-51, pl. 1, figs. 7 & 8. 

Holotype: Poumot 1968 pl. 1, fig. 7. Age: Arenig. 

Renwks: Velatachitina nebulosa has a shorter, more stout test and a longer aboral velum than V. 

veligera. 

Velatachitina sp. 

Plate 29, figs. 5? & 6?; pl. 39. fig. 3. 

Remarks: The specimens recorded here have a similar test shape to that of V. CopuWa Pournot 1968. 

However, the specimens observed have a much shorter aboral velum (< 1/3 the total vesicle length) 

than in V. copulata. 

Chitinozoan Form A. 

Plate 50, figs. 8&9. 

Remarks: Fourteen Poorly Preserved specimens, which are all recorded from Caradoc aged sediments, 

are assigned to this taxon. The diagnostic feature is the oral aperture of the vesicle which is composed 

of a mesh-work type of wall structure. This type of structure is apparent in the species Sphaerochitina 

fenestrata Taugourdeau & Jekhowsky 1960 which was described from the Devonian of the Sahara. 

Analysis of the vesicle shape is not reliable if based on the poorly preserved specimens observed here. 

lie variation in vesicle form can be seen in the photographic illustrations. 
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Chapter 7. Stratigraphic palynology. 

'Me primary aim of the present study was to produce a complete palYnological zonation for the 

Ordovician to Devonian interval of the Anti Atlas. However, it was evident from very early in the 

study that this would not be possible due to the limited number and stratigraphic spread of the samples 

made available and also due to the non productive nature of palynological preparations from certain 
intervals (e. g. the Uandeilo). As a consequence, the palynostratigraphy of the present study is 

presented in the form of a series of described palynological associations with stratigraphic gaps 
between, as seen in the accompanying figures. 

The assemblages are considered in three sections; the first deals with the assemblages recorded from the 
Ordovician field samples, the second with the assemblages recovered from the Silurian to Lower 

J>evonian. field samples and the third deals with the assemblages recorded from the exploration well 
Oum Doul-1. Within each section, the assemblages, many of which are macrofossil dated, are 
described and compared with palynomorph assemblages of a similar age that have been reported in the 
literature. 

A notable limitation of the present study is the difficulty in stratigraphically relating field samples 

collected from a single formation to each other. The field samples provided for the study were largely 

collected as single samples from roadside exposures. Although it has been possible to allocate all the 

samples utilised in the study to a particular formation, it is often not possible to say how samples from 

a single formation relate to each other in terms of their relative stratigraphic position. 

An alternative method of ordering the samples is to have them in chronostratigraphic order by utilising 

the macrofossils present. This was found to solve the problem in part. Having the benefit of the 

abundant graptolitic faunas recorded from the Silurian-Lower Devonian field samples does allow these 

samples to be placed in a chronostratigraphic order. However, the Ordovician field samples, in which 

the shelly macrofossil biostratigraphic resolution is rather limited, this method of ordering samples 

within formations was not always found to be possible. 

Where several assemblages are recorded from samples within a formation whose relative ages are not 
known from the macrofossil information, e. g. from the Fezouata (shale) Formation and from the 

Ktaoua (sandstone and shale) Formation, attempts have been made to place the samples in 

chronostratigraphic order using the palynomorph assemblages. This has been attempted by comparing 

the present assemblages with previous palynological studies. Where several assemblages have been 

recorded from samples within a formation which cannot be placed in relative stratigraphic order, these 

assemblages are only described and illustrated as having been reported from that particular formation. 
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In describing the assemblages, the terms rare, occasional, common and abundant are used when 

referring to the proportions of taxa recorded in an assemblage. 7bese terms refer to the following 

percentages of taxa recorded: 

Less than I%- RARE 

2-5% - OCCASIONAL 

6-14% - COMMON 

More than 15 %- A13UNDANT 

The assemblage compositions are illustrated on the enclosed Tilia graphs with the proportions of the 

major palynomorph groupings illustrated towards the right hand side of the graphs. The palynomorph 

groupings utilised are the acritarchs, the prasinophytes, the chitinozoa and the spores. As stated in the 

earlier chapter regarding the class Prasinophyceae, only the microplankton indisputably assignable to 

this class are included in this grouping. Within the acritarchs, a three fold subdivision of the group has 

been made, namely the 'acanthomorphic acritarchs', the 'spheromorphic acritarchs' and the 'other 

acritarchs'(i. e. non acanthomorphic and non spheromorphic acritarchs). Mie morphological scope of 

each of these three subdivisions of the Acritarcha, is as defined by Cramer & Diez 1979, p. 23-29.7be 

acritarchs have been subdivided in such a manner in order to apply the environmental model of Dorning 

(1987) which relates the palaeoenvironment of deposition of the host sediments to the broad 

morphotypic composition of the acritarch assemblage. 

The term 'association' is used here as a characteristic assemblage or group of similar assemblages that 

possess a taxa composition and/or taxa abundances that are practically recognisable by future workers 

for biostratigraphical purposes. 

in the vast majority of cases where more than one assemblage is allocated to an 'association', 

establishing the degree of similarity of the taxonomic composition of the assemblages is beneficial in 

establishing the 'association'. 7lie degree of similarity is calculated with the aid of a cluster analysis of 

the assemblages which is run using the Tilia graph program, the results from which must then be 

interpreted manually. Assemblages falling within a cluster on the Tilia graph dendrogram, which have a 

total sum of squares of approximately two or less is here considered to be a potential 'association' (D. 

W. Jolley pers. comm. 1992). However, this grouping by statistical analysis must be analysed 

manually to verify the practicability of the 'association' i. e. that it may be recognised by future 

workers. For example, relatively insignificant taxonomic categories in the data, e. g. Acanthomorphic 

acritarchs indet., may heavily influence the cluster which would make future recognition of an 

Oassociation' defined on such biostratigraphically insignificant groups impractical. 

Under the sections headed 'relevant literature', a brief resume of the palynOstratigtaphic studies that 

have been utilised for comparison with the assemblages analysed is given. Comparisons are primarily 

made with northern Gondwanan studies which include those from Iberia (Cramer & Diez 1978, Diez & 

Cramer 1978, Paris 198 1), North Africa (Taugourdeau & Jekhowsky 1960, Poumot & Van OYen 1964, 
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Figure 14. A comparison of chitinozoan biozonations from Northern Gondwana published pre 

19 82, from Paris 19 8 1. 
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Magloire 1967, Jardine & Japaudjian 1969, Jardine et al. 1974, Paris 1990) and the Middle East 

(Keegan, Rasul & Shaheen 1988). Many of the older publications regarding Northern Gondwanan 

palynostratigraphy have had their rather low resolution zonal schemes calibrated against the more 

comprehensive recent schemes e. g. Paris 1981 (fig. 14). In the present study, there is a tendency to 

compare the assemblages recorded to the more recent zonal schemes in which the data from the older 

publications has been considered. Comparisons are made with the UK, Baltica and N. America where 

appropriate. 

The assemblages recorded from the Ordovician aged field samples. 

Tremadoc-earliest Arenh!. 

The oldest samples analysed for palynology in the present study were taken from the Fezouata (shale) 

Formation of Tremadoc to earliest Arenig age. Ibe five samples investigated from this interval, none 

of which have been dated by macrofossils, are assigned to one of three palynological associations 

described below. 

Relevant literature: The earliest palynological studies of Tremadoc age were carried out by Deunff 

(1961a & 1964a) on material from the Algerian Sahara. More recently, Jardine el al. (1974) 

established four palynological zones through the Tremadoc of Algeria and Elaouad-Debbaj (1988) 

published six zones for the same stratigraphic interval in Morocco. Eight zones for the Tremadoc of 

the UK were erected by Rasul (1979) which were compared to the North African schemes by Elaouad- 

Debbaj (1988), fig. 15. Assemblages recorded from the UK by Molyneux & Dorning 1989 and 

Molyneux & Rushton 1988 and by Mette 1989 from SW Spain are also comparable to those recorded 

here. 

General composition of the Tremadoc-earliest Arenig assemblages. 

Ile generic composition of the Tremadoc-earliest Arenig assemblages are dominated by 

Acanthodiacrodium, Cýmatiogaka, Polygoniwn and Stelliferidiwn. Low diversity chitinozoan 

assemblages were only recorded in the latest Tremadoc-earliest Arenig assemblages studied, although, 

chitinozoans have been reported from the late early Tremadoc-early late Tremadoc in Morocco by 

Elaouad-Debbaj (1988). 
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Figure 15. A comparison of the Tremadoc aged acritarch zonation of a. Rasul 1979, 

b. Naumova 1950, c. Jardina et al. 1974 and d. Elaouad-Debbaj 1988, from 

Elaouad-Debbaj 1988. 
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Detail of the Tremadoc-earliest Arenie Assemblages. 

Association I (see Tilia graph 1). 

Association 1, recorded from samples DW 105 and DW 115 from the Fezouata. Formation, is 

dominated by acanthomorphic: acritarchs with the notable absence of chitinozoa. Stelliferldiwn spp. are 

abundant, notably S. cortinulwn and S. trifidum, with common\abundant Polygonium gracile and 

Acanthodiacrodium spp. e. g. A. unifome, A. constrictum and A. wnplium. Other significant 

occurrences include Irigatasporites rudii and Tkichosphaerldiwn annolovaense. 

pjgcussion- The palynology of the Fezouata Formation has been studied previously by Elaouad-Debbaj 

(1988b), however, her study is difficult to compare to the present due to her speciation which is based 

on observations using electron microscopy. Comparison of stratigraphically important groups such as 

the Stelliferidium and Cymatiogaka species is difficult due to her adoption of tax& based on minute 

detail which is- not apparent under the light microscope. Despite these problems, synonomy of the 

detailed SEM taxa utilised by Elaouad-Debbaj into morphologically broader light microscopy 

determinable taxa does enable the partial application of her zonal scheme. 'Me presence of abundant 

Stelliferidium cortinulum (= S. barbarum of Elaouad-Debbaj [1989b]) indicates that the association in 

question is no younger than her Zone 3. 

As mentioned by Elaouad-Debbaj (1988b), assemblages from Morocco are broadly comparable with 

those reported from the UK by Rasul (1974,1979). Rasul (1979) proposed eight zones within the 

Tremadoc series of the UK based on 55 commonly occurring and relatively short ranging species. The 

association under discussion appears to resemble his Zone 2 based on the abundant occurrence of 

Stelliferidium coHinulwn in association with presence of S. simplex and Acanthodiacrodiwn ainplium. 

In addition, Jardine et al. (1974) recorded Priscogalae coriinulwn (-Stelliferidiwn cortinulurn) in 

their Zones BI-B2. 

A tentative comparison of the three affore mentioned zonal schemes is suggested by Elaouad-Debbaj 

(1988b), fig. 15. This shows that Zone 2 of Rasul (1979) and the upper pad of BI of Jardine et al. 

(1974) to be approximately equivalent in age to Zone 2 of Elaouad-Debbaj (1988b). It would appear 

likely, therefore, given the presence of abundant Stelliferidium COrtinulum in association with S. 

sijnplex and Acanthodiacradiurn amplium, that ASSOCiation 1 is assignable to Zones 2 of both Rasul 

(1979) and Elaouad-Debbai (1988b) and probably the upper pad of Zone 111 of Jardine et al. (1974). 
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Figure 16. A correlation of the standard graptolite zones and the Northern Gondwanan 

chitinozoan zones with the palynological associations defined herein from the 

Ordovician. 
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Association 2 (see Tilia graph 1). 

Association 2, recorded from sample DW 65 from the Fezouata Formation, is composed of a low 
diversity acritarch assemblage dominated by Cymatiogalea messaoudii which makes up approximately 
65 % of the assemblage. Other forms present include Polygonium gracile, Gonlosphaeridium cf. 
connectum, Caldariola glabra, and Acanthodiacrodium costatum. 

Discussion: This association of species was not recorded by Elaouad-Debbaj (1988b) in her study of 
the Moroccan Tremadoc. However, Jardine et al. (1974) recorded Cýmafiogalea messaoudil from 
Algeria in their Zones BI& B2. The presence of Caldariold glabra and Goniosphaeridium cf. 

conneaum would suggest that this association is probably younger than this level if we compare the 

association with assemblages recorded from the UK e. g. Molyneux & Rushton 1988. Ile absence of 
chitinozoa in this association implies an older age relative to Association 3 described below. 

Association 3 (see Tilia graph 1). 

Association 3, recorded from samples DW 304 and DW 305 from the Fezousta Formation, 

incorporates assemblages with diverse acritarchs and low numbers of primitive chitinozoans. Notable 

taxa present are common\abundant Acanthodiacrodium raia, common\abundant Cymaliogaka sp. 1, 

common Stelliferidiwn trifidwn and common Vogtlandia sp. 1. A significant occurrence in this 

association is that of Cymaliogalea deunffl. Solisphaeridiwn spp. and Stellichinitwn spp. also or-cur 
here. The chitinozoan component of the assemblages is characterised by low numbers of Conochitina 

brevis and rare Lagenochitina? destombesi and L. ventriosa. 

I Lscussion- Comparison with the zonal scheme of Elaouad-Debbaj 1988b indicates that this association 

can be assigned to the youngest zone, Zone 6, of that scheme. This is based largely on the presence of 
the chitinozoan species mentioned above. 

Species of note from this association that were recorded from Algeria by Jardine el al. (1974) are 

Cymatiogalea deunffl and Acanthodiacrodiwn raia (- Priscotheca raia in Jardine et al. 1974). 7be co- 

occurrence of these taxa in Association 3 suggests that it may be assignable to Zone C2 which is 

positioned at the base of the Arenig\Llanvirn interval in their scheme (fig. 3). However, abundant A. 

raia, as recorded in Association 3, are reported from Zone CI by Jardine et al. (1979) which suggests 

an age of latest Tremadoe for the association. 

More convincing comparisons of Association 3 can be made with assemblages recently documented 

from the UK by Molyneux & Rushton (1988) and by Molyneux & Doming 1989. lie co-=uffence 

of Cýmatiogaka deunffl, Cymatiogaka messaoudil (= Cýmatlogalea sp. 1 pars. ), Vogilandia coalita 
Vogtiandia sp. 1) and Stelliferidium tri . 

fldum is present in the UK assemblages and in Association 3 
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herein. The age assignation of latest Tremadoc to earliest Arenig for the UK assemblages by Molyneux 

& Rushton (1988) and by Molyneux & Doming (1989) appears to be consistent with the age indicated 

by comparison of Association 3 with the North African zonal schemes. In addition, Mette (1989) 

reported similar assemblages of acritarchs from SW Spain which he also dated as latest Tremadoc to 

earliest Arenig. 

It is also interesting to note the occurrence of Tongzia meitana in sample 304. This taxon has only 

previously been reported in the literature from the early Arenig of China (Li jun 1989) and from the 

late Arenig of Czechoslovakia (Vavrdova 1990). This implies the association in question is Arenig in 

age, however, making age interpretations from comparison with so few records of this relatively 

recently published taxon may be misleading. 

Are"i - 

Thirteen samples believed to be of Arenig age have been analysed which are all assigned to the 

Fezouata Formation. Of these samples, five have been dated using macrofossils, of which only one 

yielded palynomorphs. The palynomorphs recovered from the non macrofossil dated samples all 

indicate an Arenig age. From these samples, several associations can be recognised which are 

described below. Unfortunately, the relative stratigraphic positions of these associations to each other 

is not determinable from the lithostratigraphic data available to the author. Ile relative 

chronostratigraphic positions of the samples is largely indeterminate due to a lack of data in the 

literature regarding the evolution of acritarch assemblages during the Arenig. Ile chitinozoan zonation 

of Paris (1990) for northern Gondwana is utilised were the samples in question yielded chitinozoans of 

zonal value, which, in some instances, enables the positioning of samples stratigraphically relative to 

each other. 

Relevant literature: The acritarchs of the Arenig interval in Morocco have been studied previously by 

Cramer et aL 1974a & 1974b, and Cramer & Diez 1977 from subsurface material from the Tadla basin 

and by Fournier-Vinas (1985) from Zekkara. As there is no macrofossil age control for the sections 

these authors studied, emphasis has been placed on the macrofossil constrained chitinozoan zonal 

scheme of Paris 1990 (fig. 16). This zonal scheme incorporates palynological data generated from 

Arenig-Llanvirn aged sections in the Anti Atlas by Elaouad-Debbaj (1984). 

The zonal scheme of Jardine et al. (1974) from Algeria is of little chronostratigraphic use through the 

Arenig interval as Zones C2, D&E are all dated as Arenig/Llanvirn in age. 

-Me palynology of the Arenig series in the UK has been studied by Molyneux 1987. nese 

assemblages are markedly different in their composition to the previously recorded Gondwanan 
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assemblages, notably the chitinozoan component, and they are generally poorly preserved. Both these 

factors makes them difficult to compare with the assemblages from Morocco. 

A coMnsition of the Arenig assemblages. Genera 

1"be Ordovician assemblages am characterised by a general increase in abundance of chitinozoans 

relative to the older assemblages studied. The generic composition is also markedly different with 
Eremochitina prominent in almost all the assemblages studied, commonly associated with 
Belonechitina, Sagenachitina and Velatachitina. Within the acritarch component, Cor>phldium species 

are characteristic with Acanthodiacrodium species far less apparent than in the older assemblages. The 

genera Marrocanium, Peteinosphaeridium and Pirea, all considered to appear in the Arenig (Downie 

pers. comm. 1989), are all recorded here. 

Detail of the Arenig assemblages. 

Amdation 4 (see Tilia graph 2). 

Of the five macrofossil dated samples, only one sample, DW 262, yielded palynomorphs. The sample 

is dated as Arenig, probably Lower Arenig, on the basis of the shelly macrofauna present (see appendix 

1). Ile palynomorph assemblage is a rather impoverished, poorly preserved one with notable 

occurrences of the acritarchs Coryphidium ramiferum, Frankea saribernardensis and 

Multiplicisphaeridium inconstans. Chitinozoans recovered include Belonechitina micracantha 

micracantha, B. micracantha robusta and Eremochitina sp. 

Association 5 (see Tilia graph 3). 

This striking association of taxa recorded from the Arenig aged samples was recovered from samples 

JW 4 and JW 5. The association includes the zonal chitinozoan species Eremochilina brevis with the 

closely related form E. cf. baculata and with a very interesting acritarch component. The acritarchs are 

dominated by the abundant occurrence of Acritarch Forms D and N in conjunction with Coryphidium 

cf. tadlum, Dicrodiacrodium ancoriferum minutum, Goniosphaeridium polygonale pellucidum, 

Marrocanium simpla, Multiplicisphaeridium consolator. M. crispum, common Polygonium gracile, 

Stellichinitum helosum and Striatotheca principalis. 

This association can be assigned to the E. brMs Zone of Paris (1990) based on the presence of E. 

breWs. This indicates an age of Whitlandian or 'middle' Arenig for this association. 
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Association 6 (see Tilia graph 4). 

Samples DW 307 and DW 291 are also assignable to the E. brevis Zone on the basis of the presence of 
E. brMs but these samples have yielded a noticeably different acritarch assemblages to those recorded 
in samples JW 4 and JW 5. Multiplicisphaeridiumfirmum and Tongzia meilana are present here, 

however, CoWhidium cf. tadlum, Dicrodiacrodium ancorifenon minutum and abundant Polygonium 

gracile are features of the assemblages in common with those recorded from JW 4 and JW 5. 

Association 7 (see Tilia graph 5). 

Included here is sample JD 29 which yielded a relatively diverse chitinozoan assemblage including 

Cýathochjtina aunpanulaeformis, Eremochitina cf. baculata, Lagenochitina capar, Velatachitina 

nebulosa, Sagenachitina cf. retifera and significantly S. oblonga. 7be presence of the latter species 

indicates that this association is no older than mid D. ornensis Zone according to Paris (1990) and 

hence it is probably younger than Association 5 described from samples JW 4 and JW 5. 

Sample DW 303 (see Tilia graph 6) yielded characteristic Ordovician palynomorphs e. g. Eremochitina 

cf. baculaa, Velatachitina sp., Peteinosphaeridiwn spp., Pirea colliforynis, in association with 

common Tremadoc-earliest Arenig species such as Acanthodiacrodium amplium, A. constHcrum, A. 

raja, Cymatiogaka messaoudil, C multarea, C velifera and Cymatiogaka sp. 1. One can only 

assume that the Tremadoc-earliest Arenig component of this assemblage is recycled. 

Ijanvirn. 

Two samples, DW 309 and DW 310, were studied from the Tachilla Formation, both of which am 

dated as probable Llanvirn age on the basis of the macrofaunal content, see appendix 1. 

Relevaunddlt-eratum* Publications regarding the palynology of the Llanvirn aged sediments from 

Morocco include Fournier-Vinas 1985, Cramer et al. 1974, Deunff 1977 and Elaouad-Debbaj 1984. 

Paris and Deunff 1970 studied comparable Llanvirn age assemblages from France. The chitinozoan, 

zonal scheme of Paris 1990 can be utilised to refine the age of the samples studied from that indicated 

by the macrofaunal content. 
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CenerAa commsition of the Llanvim assemblans. 

77he palynological assemblages are characterised by relatively diverse acritarchs and chitinozoans. 710 

generic composition of the acritarch component is rather similar to that recorded from the Arenig 

assemblages, namely Coryphidium, Marrocanium, Multiplicisphaeridium and Striatotheca. Notable 

absentees from the Llanvirn assemblages are the genera Acanthodiacrodium and Polygonium. 

The chitinozoans are characterised by an increase in diversity of species present and the prominence of 
the genus Belonechitina. Other genera of note that are present include Jenkinochitina, Pogonochitina, 

sagenachidna and Velatachitina. 

Detail of the Llanvim assemblages. 

Association 8 (see Tilia graph 7). 

Ile acritarch assemblages from samples DW 309 and DW 3 10 are characterised by a high diversity of 

acritarch species including Bakisphaeridium klabavense, Comasphaeridiwn denseprocessum, 

Coryphidium ekgans, Frankea sartbernardensis, common Goniosphaeridium polygonak polygonale, 

Marrocanium simpkw, Striatotheca principalis and abundant Ver)*achjum jairdii. 

The chitinozoan assemblage is dominated by common\abundant Belonechitina micracantha with 

occasional/common Conochitina ch)daea, common Desmochitina minor cocoa, JenA! nochitina 

vulgaris, Pogonochitina? secunda, Sagenachitina oblonga and Velatachitina veligera. 

RI: _scussion. - Using the zonal scheme of Paris 1990, the chitinozoans present indicate that these 

macrofossil dated Llanvirn palynomorph assemblages from the Tachilla Formation are assignable to the 

cyathochitina protocalLx Zone based on the co-occurrence of Belonechitina micracantha, 

Sagenachitina oblonga, Velatachitina veligera and Jenkinochitina vulgaris. This suggests an early 

Lower Llanvirn age for the assemblages. 

Llan-ddilla,. 

Three samples, JHO 220, GAO 388 and GAO 471, dated as Llandeilo on the basis of the macrofossil 

content were processed for palynological analysis. These three samples of sandy lithology were found 

to be barren of palynomorphs. 

233 



Thirteen samples believed to be of Caradoc age have been analysed for their palynological content, 

eight of which, DW 323, DW 336, DW 337, DW 349, DW 353, DW 354, DW 361 and DW 362 have 

been dated using macrofossils, see Appendix I. All the samples of Caradoc age are assignable to the 

Ktaoua Formation. 

As with the Arenig samples, it is not possible to place some of the samples of Caradoc age that have 

been studied in uthostratigraphic order. Furthermore, the broad datation of the samples using their 

shelly macrofossil content does not allow arrangement in a chronostratigraphic order. As a 

consequence, two palynological associations of the assemblages have been defined, and from these, 

suggestions are made as to the relative stratigraphic position of each association to the other. 

Relevant literature: Caradoc palynological assemblages from Morocco have been studied previously by 

Elaouad-Debbai (1986,1988). Data generated in her 1996 publication on the chitinozoans from the 

Lower Ktaoua formation has been incorporated into the zonation of Ordovician chitinozoans of 

Northern Gondwana by Paris (1990). 7bis zonation can be applied to some of the assemblages of 

Caradoc age documented here. Other relevant publications regarding Late Ordovician palynology of 

Northern Gondwana include Molyneux & Paris 1985, Molyneux 1988 and Paris 1988 which are all 

based on subsurface material from Libya. The zonation of Jardine et al. (1974) erected on material 

from Algeria is of little use in the Late Ordovician as only one zone is defined for the Caradoc-Ashgill 

interval. The palynology of the type Caradoc from the UK has been documented by Turner (1984), 

who looked at the acritarchs and by Jenkins (1967) who studied the chitinozoans. 

(; eneral composition of the Caradoc aged assemblages. 

The Caradoc aged samples generally contain impoverished, poorly preserved acritarch assemblages 

dominated by species of VerAachium and Villosacapsula. Spheromorphic acritarchs referable to the 

genera Lejosphaeridia and Lophosphaeridium are also relatively common. 

The chitinozoan components of the assemblages are composed primarily of the genera Belonechitina, 

Lagenochitina, notably L deunffi, with qathochitina, Conochitina and Jenkinochitina also present. 

The chitinozoan assemblages are also poorly preserved. 

Caradoc aged assemblages in detail, 

Two associations of palynomorphs are apparent from the Caradoc aged assemblages. The five samples 

of Cýaýoc age that are not assignable to one of these two associations containedvery impoverished 

palynomorph assemblages, generally dominated by indeterminate species of VeD*achium. 
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Aswdation 9 (see Tilia graph 8). 

Association 9 is recorded from samples DW 335, DW 336, DW 337 and DW 415. This association is 

characterised. by common Lagenochitina deunffi and abundant Villosacapsula Setosapellicum. 
Veryhachium spp. are abundant with occasionancommon v. reduclum and inconsistent Veryhachium sp. 
1. Belonechitina spp. are consistently present, notably B. capitata. 

Discussion: The presence of common Lagenochitina deunffi indicates that this association is assignable 

to L. deunffi Zone of Paris (1990). This suggests a Costonian, lowest Caradoc age for these samples 

which is consistent with the Lower Caradoe age indicated by the macrofossils recorded from samples 
DW 336 and DW 337, see appendix I. 

Association 10 (see Tilia graph 9). 

Association 10 is recorded from samples DW 352, DW 353, DW 354 and DW 362. This association is 

characterised by occasional-abundant Y'llosacapsula setosapellicum and abundant Veryhachiwn spp. 

notably Veryhachium reductum, Veryhachium sp. 1, Veryhachium sp. 3 and Veryhachium sp. 4. Ile 

chitinozoan component is rather impoverished. Notable occurrences include Belonechitina capitata and 

jenjUnochitina spp. in low numbers with Lagenochitina deunffi rare or absent. 

Discussion: Comparison of this association with assemblages recorded in the literature of Caradoc age 
from northern Gondwana and the UK appears to indicate the absence of age diagnostic palynomorphs. 

However, the low numbers of Lagenochitina deuniffi are indeed significant in this LA)wer Caradoc 

macrofossil dated association. 

The macrofossils present in samples DW 353, DW 354 and DW 362 enable a Lower Caradoc age 

assignation for this association, see appendix I. Paris (1990, p. 198) in describing the Lagenochitina 

dalbyensis Zone (lower Caradoc) mentions the presence of a few L. deunlffi specimens persisting into 

the L. dakensis Zone from the underlying L. deunffi Zone in which they are common. The 

coincidence of the presence of a Lower Caradoc aged macrofossil assemblage and the rare specimens of 
L. deunffi in this association suggests that this assemblage may be assignable to the L. "byensis Zone. 

This indicates that Association 9 containing common L. deuniffi is older than this association. 
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A 1h ei 1-1. 

Four samples believed to be of Ashgill age have been studied. Of these, two, 7D 17 and GAO 19 are 
dated using macrofossils but both were found to be barren of palynomorphs. Samples DW 359 and DJ 

10 yielded reasonably well preserved assemblages which are comparable to Ashgill aged assemblages 
described in the literature. 

Relevant literatu Palynological assemblages of Ashgill age from Morocco have been studied by 

Elaouad-Debbai (1984,1988). Information from her 1984 publication on the Ashgill chitinozoans has 

been incorporated into the zonation of Ordovician chitinozoans of Northern Gondwana by Paris (1990). 

other relevant publications regarding Late Ordovician palynology of Northern Gondwana include 

Molyneux & Paris 1985, Hill & Molyneux 1988, Molyneux 1988 and Paris 1988 which are all based 

on subsurface material from Libya. 7be zonation of Jardine et al. (1974) erected on material from 

Algeria is of little use in the Late Ordovician as only one zone is defined for the Camdoc-Ashgill 

interval. 7be palynology of the Ashgill from the UK, including the type area has been documented by 

Whelan (1988) and Barron (pers. comm. 1992). Numerous papers regarding the Ashgillian palynology 

of Anticosti and western Canada have been published by Achab and co-workers, e. g. Achab 1981, 

1984, '1987 and 1989. 

General coM2gsition of the Ashaill aged assemblages studied. 

The acritarch assemblages are dominated by the genus Veryhachium in association with less frequent 

spher0morphic forms assignable to the genera Leidsphaeridia and Lophosphaeridium. The occurrences I- - 
of Diexallophasis and leiofusid forms, notably Dactylqfwa are regarded as significant. 

Ashgill aged assemblages in detail. 

The two samples studied yielded quite dissimilar assemblages in terms Of species composition. 

A&wdation 11 (see Tilia graph 10). 

The assemblage recovered from DW 359 is rather poorly preserved. Veryhachium species occur 

abundantly, notably V. minutum, V. reductum and V subglObOswn, in association with Dacrylqfusa 

clenista and primitive forms of Diexallophasis including D. denticulata Gotlandica. A sparse 

chitinozoan assemblage composed primarily of Belonechitina species and rare ancyrochitinids, notably 
Ancyrochitina ancyrea is also recorded. 

Discussion: Sample DW 359, collected from the Upper Ktaoua Formation (sensu Destombes et al. 
198s), see appendix I, yielded a closely comparable assemblage to that recorded from the same 
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stratigraphic level by Elaouad-Debbýj (1988). She recorded a similar suite of ver3*achjum species, the 

netromorph Dactylofiaa denista (refered to incorrectly as EuPoiA! Iqfiua striata by Elaousad-Debbaj 

1988) with rare, very poorly preserved specimens of Aremoficaniwn jy? ingosagis. Ile latter taxon 

was not recorded from DW 359, maybe as a result of the preservation. Comparison with the data of 
Elaouad-Debbaj (1984,1988) suggests an early-'middle' Ashgill age for DW 359.71e absence of the 

species Armoricochitina nigerica in this association suggests an age of earliest Ashgill according to 

zonation scheme of Paris 1990. 

Hill and Molyneux (1988) considered Veryhachiwn jubgjobosum and Diexallophasis denticulwa to 

indicate an Ashgill age in Libya, these species Occur in Zones AsI-As2 of their zonal scheme for the 
Libyan subsurface. Veryhachiwn subglobosum is also considered to indicate an Ashgill age in the 

Kingdom of Jordan (Keegan, Rasul and Shaheen 1990). Recent work on the type Ashgill of the UK 

(Barron pers. colnrn. 1992) suggests that the first appearance of the genus Diexallophwis is in Ashgill 

aged sediments. 

Association 12 (see Tilia graph 10). 

The assemblage recovered from sample DJ 10 is reasonably well preserved. Ile acritarch component is 

composed of abundant Veryhachium reductum and common V. subglobosum with Lophosphaeridium 

r, pp. and Diexallophasis sp. also present. Chitinozoans occur in high numbers in this sample (32 % of 

the palynornorph sum). This component is dominated by Ancyrochifina sp. I with Armoricochitina 

nigerica, Belonechitina capitata and Calpichilina knticularis all prominent. 

Discussion:. Ile zonation of Paris (1990) is directly applicable here. The abundant occurrence of 

Ancyrochitina spp. within the chitinozoan part of the assemblage in association with Armoricochitina 

nigerica indicates that this sample is assignable to the A. merga Zone. This indicates an age of 

, middle' Ashgill- Whelan (1988) also reported an increase in ancyrochitinid abundance in the late 

Ashgill in the UK. Ile acritarchs present, e. g. Dituallophasis sp. and Ver)*achiwn subglobosum 

indicate that the assemblage is assignable to Zones Asl-As2 of Hill and Molyneux (1988) which are of 

Ashgill age. 
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Assemblages recorded from the Silurian to Lower Devonian aged field 
samples. 

Telychians latest Liandovery. 

The oldest samples analysed from the Silurian in the present study are Telychian in age. Eight 

graptolite dated samples from the were processed for palynology of which six yielded workable 

assemblages. 17here was a major problem in the processing of these samples due to the presence of 

abundant amorphous sapropelic kerogen. 7he adoption of fuming Schulze's solution to dissagregate 

this material was found to be successful. 

Relevant literature: The broad nature of the zonations produced by Jardine et al. (1974), Taugourdeau 

& jekhowsky 1960 and Keegan, Rasul & Shaheen (1990) makes them of little benefit for comparison 

with the assemblages of refined biostratigraphic dates that have been utilised here. Ile assemblages are 

mainly compared with material studied from Libya (Hill, Paris & Richardson 1985, Hill & Mo 
' 
lyneux 

1988, Paris 1988, Paris 1988), from the Swedish Island of Gotland (Le Herrise 1989, Laufeld 1974) 

and with the Silurian acritarch distribution charts of Cramer (1970) compiled from American and 

European data. The zonation proposed by Jardine & Yapaudjian (1968) for the Polignac Basin of 

Algeria utilises nuny taxa in open nomenclature at this stratigraphic level which makes comparison 

with the present assemblages difficult. Hill (1974) divided the type Llandovery from the UK into four 

gcritarch zones, which, due to the difference in the assemblage compositions when compared to the 

Moroccan assemblages (e. g. the absence of Deunffla and Domasia species in the Moroccan 

assemblages), are not applicable. 

Gene -al coMagsition of the assemblages. 

Amorphous sapropelic kerogen is abundant in the palynological preparations with palynomorph 

assemblages generally dominated by spheromorphic acritarchs. The genus Leiosphaeridia occurs 

abundantly with Dicryotidium and the prasinophyte Tasmanites also common. Of the acanthomorphs, 

Ammonidium species and visbyspherids are frequent. The chitinozoan assemblages are generally poorly 

preserved and of low species diversity throughout this stratigraphic interval. 

Detail of the Telychian aged assemblages. 

Two associations of palynomorphs widiin the Telychian aged samples are apparent (fig. 17). 
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Figure 17. A correlation of the standard graptolite zones and the Northern Gondwanan 

chitinozoan zones with the palynological associations defined herein from the Silurian. 
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Association 13 (see Tilia graph 11). 

Monograptus tuniculatus-M. aispus Zone in age. 

Samples DW 246, JW 249 and JW 46 were analysed from the Monograptus turTicu1xUS-M. Crispus 
zones of which only DW 246 yielded palynomorphs. This association contains an unusually high 

proportion of acanthomorphic acritarchs (74 %) compared with the other Lower Silurian aged samples 
studied. Important constituents of the association include Comasphaeridium hirium, Diciyotidium spp., 
Diexallophasis denticulata, Oppilatal0frondis, Veryhachium spp. and Vubysphaera microspinosa var. 
A. 7be poorly preserved chitinozoan assemblage comprises forms including Angochitina? cf. jeurata, 

, 4ncyrochitina sp. 2, Cyathochitina cxnpanulaeformis and Cyathochitina sp. 1. 

Discussion: Only one palynological zone, Zone L14, is defined for the Telychian age of Libya by Hill 

& Molyneux (1988). The assemblages recovered by them are of similar species diversity to those 

studied here, the species compositions, however, are somewhat different. Taxa recorded from sample 
DW 246 in common with the Libyan Telychian assemblages include Diexallophasis denticulata and 
Visbysphaera microspinosa. Significant absentees from the present assemblage include the Domasla 

and Deuniffia group which are believed to be associated with the low latitude realm. 7bis element, 

Despite having been recorded in closely proximal Libya (Hill & Molyneux 1988), is not recorded here. 

The assemblages recorded by Le Herisse (1989) from the early-middle Telychian Nar Formation of 

Gotland are of considerably higher species diversity than the present assemblage. Many species 

recorded from those highly diversified assemblages are present here including Comasphaeridium hirtum 

and Oppilaala? ftondis. Again, a noticeable difference in the species composition is the absence of 

Domasia and Deunffla species in the present assemblage. 

Paris (1981) investigated a chitinozoan assemblage of Monograptus tur? iculatus Zone age from SW 

Europe, his Zone 19, in which he found low species diversity. Assemblages here have no species in 

common with those observed by Paris (1981). Assemblages recorded from the similar stratigraphic 

level in Gotland by IAufeld (1974) also lack species in common with the present assemblages. 

We should bare in mind that the intense oxidation required to enable the observation of palynomorphs 

within this thermally mature, sapropelic rich palynofacies may have had an impact on the assemblage 

compositions recovered. 
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Association 14 (see Tilia graph 11). 

Monograptus griesioniensis-M. crenulata Zone in age. 

Four samples, DW 248 (M. griestoniensis Zone in age), DW 249, DW 250 and DW 251 ( all M. 

Crenulata Zone in age) of low species diversity have been analysed from this interval. 7he cluster 

analysis (see Tilia graph 11) indicates the close similarity of the assemblage compositions of these 

assemblages (TSOS less than 1). The assemblages are dominated by Leiosphaeridia species, notably L 

rnicrocystis. Lophosphaeridium species are also common as is Tasmanites medius. 

Buedingisphaeridiwn lunatum, Dictyotidiwn sp. 1, Veryhachiwn? sp. 9, Vuhysphaera sp. I and 
Vuhysphaera sp. 2 are all particularly diagnostic of this association and Cymatiosphaera RryanoWi is 

inconsistently present. The chitinozoan assemblage is highly impoverished, however, the 

morphologically distinctive Pseudoclathrochitina cf. carmenchuae is of note, as is the first appearance 
in the present study of Ancyrochitina primativa. 

Discussion: As with Association 13 described above, comparison with Hill & Molyneux 1988 is of 

little benefit due to the relatively broad nature of their zonal scheme and the considerable differences 

between the assemblage composition they observed compared to those recorded here. 

The chitinozoan assemblages of Zone 7 of Paris (1988) from Ilbya, which approximates to the 

Monograptus griestoniensis-M. crenulata Zones is also quite dissimilar in composition to the 

assemblages of that age recorded here. None of the zonal forms quoted by Paris, e. g. Prerochitina 

diechaii and Margachitina margaritana are present. 7be only chitinozoan considered to be of potential 

stratigraphic significance recorded here is PseudoclWhrochitina cf. carmenchuae. 

The acritarch assemblages of Monograptus crenulata Zone age described from the Lower Visby 

Formation by Le Herisse (1989) have a moderate number of taxa in common with this association, e. g. 

Bue, dingisphaeridium lunatum, Mayotidium dictyotum, but they are of considerably higher species 

diversity than the present association containing the Deunffla and Domasia species typical of low 

latitude assemblages of Telychian age. 

it appears that the previously unpublished taxa e. g. Dictyxidium sp. 1, Veryhachium? sp. 9, 

Vuhysphaera sp. 1, Irtsbysphaera sp. 2 and Pseudoclathrochitina cf. cannenchum occurring in 

conjunction with the high abundance taxa (e. g. Leiosphaeridia micrOcYstis) are possibly the best 

indicators of this interval in Morocco. Ile reason for the notable differences between these and the 

Libyan assemblages of a similar age could possibly be associated with the mixing of the low latitude 

Deunffia-Domasia realm with the high latitude Neoveqhachjum Carminae realm in Libya (Hill & 

Molyneux 1988) in contrast with the high latitude, more provincial flora of the Morocc4kn assemblages. 
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Again, it should also be noted that the severe oxidation technique applied to these samples could 

possibly have an impact on the assemblage compositions recovered. 

Wenlock. 

Ten graptolite dated samples of Wenlock age have been analysed, eight from the Sheinwoodian (Lower 

Wenlock) and two from the Homerian (Upper Wenlock). Of the eight samples from the Sheinwoodian, 

two, both from the Cýrtogrqptus ellasae Zone, were found to be barren of palynomorphs. Four 

palynological associations have been recorded from the Wenlock aged samples analysed. 

Significant literature: As with the Llandovery interval, application of the zonal schemes of Jardine el 

aL (1974), Taugourdeau & Jekhowsky (1960) and Keegan, Rasul & Shaheen (1990) are not of benefit 

here due to the chronostratigraphically broad ages of their zones. Ile recent palynostratigraphic 

publications on north-east 11bya, Thusu & Owens (1985) and EI-Amauti, Owens & 7busu (1988), do 

not cover the mid-late Silurian interval. Comparison of the chitinozoan assemblages is made with Paris 

(1981) who analysed some Homerian material from south-west Europe, with Laufeld (1974) from 

Gotland and with Doming 1981b from the Welsh Basin. The acritarch assemblages are compared with 

those from Gotland (Le Herrise 1989) and from the type sections in the UK (Downie 1959,1963 and 

Doming 1981a). 

(; eneral comosition of the Wenjock aged assemblages. 

The Wenlock aged assemblages are generally poorly preserved. 7be acritarch component is very much 

dominated by spheromorphic forms, the vast majority of which are assignable to the genus 

Lejosphaeridia with frequent Lophosphaeridium spp. and Dicryotidium. spp. present. The 

prasinophytes Tasmanites and Cymatiosphaera are also common. Of the acanthomorphic forms, the 

genera Ammonidium, Oppilatala, Tylotopalla and Vubysphaera are commonly present. As with the 

I. Jandovery assemblages, the chitinozoan component is generally impoverished with the genera 

Angochitina and Ancyrochitina are frequently present throughout this interval. 

memblages. 

Four associations of palynomorph assemblages have been recognised in these samples (fig. 17). 
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Association 15 (see Tilia graph 11). 

Mowgraptus riccartonensis Zone in age. 

Three samples, DW 162, DW 357 and DW 358 are assigned to this association. Cluster analysis of the 

assemblages gives a TSOS of less than 2 which indicates the close similarity of their composition. 

Lejosphaeridia microcystis is super-abundant comprising between 46-62 % of the palynomorph sum. 
Lejosphaeridia sp. 1, Dicrptidiwn cf. coarawn and Tasmanites madius are also common. 

inconsistently present forms include Dateriocradus monterossae, the Oppilwala eoplanktonica- 

ramusculosa complex, Wfirondis, 41otopalla astifera, T. cf. deerlijkianum, Vubysphaera 

microspinosa var. A and Acritarch Form L. The chitinozoan recovery is low in this association (less 

than 4% of the palynomorph sum). The only taxa of note are Ancyrochitina primativa and 

Cyathochitina cf. eUnitae which are both inconsistently present. 

Discussion- Doming (1981) proposed three zones through the Wenlock of the Welsh basin. His zonal 

taxa do not occur here, however, it is interesting to note the occurrence of Dateriocradus monterossae 

which is restricted to the upper part of his Zone W1 and the lower part of Zone W2. This taxon is 

coincidentally only recorded from the Monograptus riccartonensis Zone in the present study, which is 

of approximately the same chronostratigmphic position as that record of Doming. Le Herrise (1989) 

found this species to range from the latest Telychian to the earliest Homerian in Gotland. 

The. sparse chitinozoan assemblage has only one taxon in common with the assemblages documented by 

Doming (1981) from the UK and Laufeld (1974) from Gotland which is the long ranging species 

Ancyrochitinaprimativa. 

Association 16 (see Tilia graph 11). 

MowgraPtus riccartOnensisICYrtograPtus rigidus Zonal boundary in age. 

A single sample, DW 367, comprises this association. It is composed primarily of Angochitina sp. I 

which makes up approximately 60 % of the palynomorph sum. Other chitinozoans are rare and include 

Cingulachitina sp., Conochitina spp. and the Rhabdochitina magna complex. The acritarchs are of 

very low diversity Oess than 10 species) with LeiOsPhaeridia spp. dominant and occasional 

Vuhysphaera microspinosa. 

p, Iýussion- No previously recorded age diagnostic chitinozoans or acritarchs are present in this 

association. However, it is interesting to note the flood of Angochitina sp. I at this stratigraphic level. 
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Association 17 (see Tilia graph 11). 

Monograptusflailis Zone in age. 

Assemblages from samples DW 355 and DW 356 comprise this association. The acritarch component 
is dominated by Leiosphaeridia spp. with L. microcystis far less conspicuous than in Association 16. 

Dicryotidium coarctum and Oppilatala? ftondis are also prominent. The chitinozoans occur in very few 

numbers with Anc3mchitina primativa, Angochitina sp. and Cyathochitina sp. inconsistently present. 

Discussion: Doming (1981) recorded Oppilatal0frondis from the UK as having its youngest 

occurrence in the middle of his Zone W2 which would appear to approximate to the youngest 

stratigraphic occurrence of this taxon in the present study. However, Le Herrise recorded this form as 

high as the Ludfordian (Upper Ludlow) and does not consider it to be reworked. 

Two samples from the Cynograptus ellesae Zone, DJ 84 and JW 9, were processed for palynological 

analysis but were found to be barren of palynomorphs. 

Association 18 (see Tilia graph 11). 

pristiograptus? ludensis Zone in age. 

Two samples, DW 230 and DW 23 1, were processed for palynology from the Pristiograptus? ludensis 

Zone of which one, DW 231 yielded palynomorphs. The assemblage is relatively diverse compared to 

the assemblages from older Wenlockian samples and there is a marked change in the palynofacies. lie 

amorphous sapropelic material which was abundant in the Telychian and Sheinwoodian aged 

preparations is rare here. The acanthomorphic acritarch abundance is markedly increased at the expense 

of the spheromorphs and the chitinozoan abundance and diversity is slightly increased. 

The main constituents of the acritarch component are abundant Ammonidium sp. I (5o %), 

Cymatiosphaera ocloplana?, Dieurallophasis cf. sanpetrensis, common Leiosphaeridia spp., 

Lophosphaeridium sp. 6, Lophosphaeridium sp. 7 and Onondagella deunffi. An interesting occurrence 
in the chitinozoan assemblage is the first appearance of Cingulachitina sp. 1. 

Discussion: - 
The base of the range of Onondagella deunffi in both the UK (Doming 1981, Upper 

Ludlow, Zones L3 and IA) and in Gotland (Le Herisse 1989, Ludlow) is younger than that recorded 

, p. 1 in this here. it is interesting to note the coincidence of the first appearance of Cingulachitina r 

244 



study compared with that of Cingulachitina sp. A Paris 1981 (= Cingulachitina sp. I herein) from 

south west Europe which appears in both cases in the latest Wenlock, in or close to the Pristiograptus? 

ludensis Zone. 

seven graptolite dated samples of Ludlow age have been analysed. Of these, three, JW 224, DW 34 

and JW 10 me biostratigraphically constrained to graptolite zones based on the macrofauna present. 
The remaining samples, DW 215, DW 232, DW 234 and DW 235 are less well constrained by the 

macrofossils, DW 215 having been dated as 'middle' Ludlow in age, the remainder are dated as 
Ludlow in age. The stratigraphic position of these four samples relative to the highly constrained 

samples, and to each other, is indeterminate from the palynology. For this reason, the general 

composition of the Ludlow assemblages is described in some detail. This is done in order to give a 

more comprehensive overview of the palynology of the Ludlow interval studied. A detailed description 

of the highly constrained assemblages follows the general description. 

]gelevant literature: Jardine et al. (1974) published four zones within what they term the '(Wenlock? ) 

Ludlovien' interval of Algeria. No Pridoli interval is represented in their scheme. The somewhat 

vague chronostratigraphic interpretation of the ages of the zones is a problem with their scheme at this 

stratigraphic level. Keegan, Rasul & Shaheen (1990) publishedjust one palynological zone 

corresponding to the entire Ludlow series from the Kingdom of Jordan, as did Taugourdeau & 

jekhowsky (1960) for the Algerian Sahara. The type area from the UK has been studied by Lister 

(1970) and by Dorning (1981a, 1981b). The palynostratigraphy of the Silurian succession on Gotland 

is documented by Le Herrise (1989) who looked at the acritarchs and Laufeld (1974) who studied the 

chitinozoans. The zonal scheme of Paris 1981 covers only the lowermost part of the Ludlow series, 

namely the Neodiversograplus nilisoni Zone. 

General compgsition of the Ludlow aged assemblages. 

With the exception of the earliest Ludlow assemblages i. e. Association 19 described below, the Ludlow 

assemblages are well preserved and of moderately high species diversity. 7be, chitinozDans show a 

major proliferation of species in the assemblages considered to be younger than the Lobograptus 

scanicus Zone . The acanthomorphic to spheromorphic acritarch ratio is somewhat inconsistent but the 

gcanth rphs are noticeably higher in abundance than in the earliest Ludlow and Wenlock 

assemblages. The terrestrial component of the Ludlow aged assemblages studied makes up less than 

1% of the palynomorph sum in each of these assemblages. 

lie acritarch assemblages are composed of inconsistent Ammonidiwn microcladwn, Cymbosphaaajum 

spp., notably C. carinlosum and C bikidiwn in the Gorstian aged samples, common Diclyofidium spp., 
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common Diexallophasis spp., inconsistently common Leiqfusa estrecha, inconsistently abundant 
Multiplicisphaeridium cf. saharicum, and inconsistent Onondagella deunffi, Oppilatala eoplankonica 

and Acritarch Form G. Surprisingly, only one specimen of Neoveryhachium carminae was recorded in 

the entire study which was recovered from a Ludlow aged sample. 

lie Chitinozoan assemblages are characterised by abundant Ongulachitina spp. and common 

Ancywhitina spp. including A. fragifis, A. primativa and A. packdffma. Calpichitina spp., 

Angochitina echinata, Pkaochitina carminae? and Sphaerochitina spp. are also present. 

Detail of the biostratigMah&ally highly constrained saMples. 

only three of the seven samples of Ludlow age are tightly constrained biostratigraphically by the 

graptolitic faunas present. Two associations appear to be present, both of Gorstian age, (fig. 17) which 

are as follows. 

Association 19 (See Tilia graph 12). 

Neodiversograptus nilssoni-Lobograptus scanicus Zone in age. 

This rather indistinct association from the earliest Ludlow, recorded from samples JW 224 and DW 34, 

has many features similar to those of the underlying Wenlock assemblages. The association is 

characterised by a high proportion of spheromorphic acritarchs and a highly impoverished chitinozoan 

fauna. The common acritarchs are Leiosphaeridia spp, and Acritarch Form L with inconsistent 

cymbosphaeridiwn spp. notably C bikidium, Mayotidium spp., Dituallophasis spp., 

Lophosphaeridiwn sp. 7 and Vubysphaera microspinosa var. C. The rare chitinozoans recorded 

include Ancyrochitinafragilis var. A. 

Discussion: This rather impoverished association contains few taxa of potential biostratigraphic value. 

C pe 
. Wnbosphaeridium bikidiwn was originally recorded from the Bringewood Beds of Shropshire (up r 

Gorstian) by Lister 1970 and from a similar stratigraphic level by Doming 1981 (Zone 2-early Zone 3). 

This taxon is recorded in the early Corstian here which is lower than previous records from the UK. 

, Ibe impoverished chitinoman assemblage of Association 19 contains no taxa in common with Zone 22 

of paris (19gi) which occurs at the same chronostratigraphic level. I'he first appearance of 

Ancyrochitinafiragilis var. A in Association 19 is of note. 
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Association 20 (See Tilia graph 12). 

Saetograptus incipiens Zone in age. 

This association is only recorded in samPle JW 10- It is composed of highly diverse acritarch and 

chitinozoan assemblages which contrast with the low diversity assemblages of Association 19. 

cry fus The characteristic acritarchs are common Cymbosphaeridium bikidium, C. Cariniosum, Da lo a 

striatifera striatifera, Leiofiisa estrecha, Multiplicisphaeridiumi'uherl, Acritarch Form G and Acrit&rCh 

Form I. The chitinozoan assemblage is also diverse in species composition including Anc)mchitina 

ancyrea, A. ftagilis breWs, A. pilosa, Angochitina echinata, A. elongata, abundant Cingulochitina spp. 

notably C. cf. conveza and Cingulachitina sp. 1, and occasional MCIOChitina carminae? 

Discussiow. Several taxa recorded here were reported by Doming (1981) from the UK. He reported 
Ammonidium microcladwn, Oppilatala eoplan1donica and Mukiplicisphaeridiumfisheri from sediments 

no younger than Wenlock in age. 7bese taxa are recorded in the present association which is of late 

Gorstian age. Cymbosphaeridiwn biNdium has a youngest occurrence in the UK of earliest Ludfordian 

(the lower part of Zone L3, Doming 1981) which is consistent with the occurrence of that taxon in the 

present study. Both Onondagella deunffi and Leiofiaa estrecha are reported to have a range base at the 

base of Zone L3 (Doming 1981) in the UK, however, these taxa are recorded in this older association 

in Morocco. In Gotland, the stratigraphic range top of Ammonidium microcladum (Le Herrise 1989) is 

similar to that recorded here. Onondagella deunffl and Neovwqhachium cayminae are examples of 

other coincidental taxa from Gotland at this stratigraphic level. 7be first appearance of diverse and 

abundant Ancyrochitina, Angochitina and Cingulochitina species and the presence of Pkaochitina 

carminae? are all of note at this stratigraphic level. 

Wdoli-Lower Devonian. 

Nine graptolite dated samples have been analysed from this stratigraphic interval. From the cluster 

analysis carried out on Tilia graph 13, there appears to be three associations present, the first including 

assemblages from samples DW 51, DW 52, DW 55 and DW 56, the second including assemblages 

from DW 94, DW 57 and DW 58, and the third including assemblages from DW 96 an DW 97. 

However, the second cluster (DW 94, DW 57 and DW 58) is rather misleading. Analysis of the 

species composition of sample DW 94 shows it to be quite different from samples DW 57 & DW 58. 

The clustering of the three samples is a result of the coincident numbers of relatively insignificant taxa 

categories on the Tilia graph plot, e. g. the Acanthomorphic acritarchs indet., Spheromorphic acritarchs 
indet and Lejosphaeridia spp. For this reason, four rather than three associations are described from 

the Pridoli to Lower Devonian aged field samples (figs. 17 & 18). 
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Relevant literature: 7be chitinozoans of the Silurian-Devonian boundary stratotypes in Bohemia are 
documented by Paris, Laufeld & Chlupac (1981). The chitinozoan zonation of Paris (1981) also covers 

this interval in part. Ile chitinozoans, acritarchs and miospores; from the upper Silurian to Devonian 

of the Algerian Sahara are documented by Jardine & Japaudjian (1968), Jardine et al. (1974) and 

Boumenjel et al. 1988.. In 1983, Wicander published a biostratigraphic catalogue of the North 

American acritarchs. In addition, there are numerous acritarch assemblages of late Silurian to Lower 

Devonian age reported from around the globe, notably Cramer 1964, Deunff 1976,1980, Deunff & 

Paris 1971, Loeblich & Wicander 1976 and Playford 1977. The miospore component of palynological 

assemblages generally become more significant biostratigraphically late in the Silurian and through the 

Devonian. Significant publications regarding Upper Silurian and Lower Devonian spore 

biostratigraphy include Richardson & Lister 1969, Richardson and McGregor 1986, Streel et al. 1987, 

Massa & Moreau-Benoit 1976 and Steemans 1989. 

General comosition of the Pridoli to Lower Devonian aged assembla2es recovered from the field 

sampLes-. 

lie preservation of the assemblages is moderate with generally high abundances of palynomorphs 

recovered and moderate species diversity. The dominant acritarch genera over this stratigraphic 

interval are Cymbosphaeridium, Dictyofidiwn, Diexallophasis, Leiosphaeridia and Vabysphaera. 

Biostratigraphically important genera present are Actinophasis, Hapsidippalla, Onondagella, 

orygmahapsis and 7hysanoprobolus. The genera Ongulachitina, Fungochitina, Muscochitina and 

pkciochitina are all significant occurrences within the chitinozoan assemblages. 

Detail of the Pridoli to Lower Devonian aged assemblages mcovered from the field samples. 

Association 21 (see Tilia graph 13). 

Monograptus lochkoWensis Zone in age. 

Assemblages recorded from samples DW 51, DW 52, DW 55 and DW 56 are included in this 

association. The acritarch component of the assemblages includes Ammonidium sp. 2, 

cymbosphaeridium pilar, Dkmallophasis denticulata var. A, Multiplicisphaeridium variabile, 

Multiplicisphaeridiwn sp. 1, Orygmahapsisfistulosa, inconsistent Hapsidiopalla cf. sannemanni, 

Quadraditumfantasticum and 7hysanoprobolus poly)don, common\occasional Visbysphaera 

microspinosa var. C and common acritarch form L. The chitinozoan assemblage is relatively 

impoverished with Cingulachitina ervensis and C. cf. semata inconsistently present. Ile only 

miospores recorded in this association are Retusotrikles spp. which consistently make up less than I% 

of the palynomorph sum. 
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Discussion- - 
Taxa recorded here in common with those selected by Jardine et at, (1974) and Jardine & 

Yapaudjian (1968) to be of biostratigraphically value include only Cymbosphaeridium pilar and 
Quadraditumfintasticum. These taxa indicate a position of Zones GS-H in the scheme of Jardine el al. 
and Zones IV-Vb of Jardine & Yapaudjian. It is interesting to note that 7hysanoprobolus poly1don is 

here recorded in the Pridoli having previously only been recorded from the lowermost Devonian (e. g. 
Wicander 1981). Application of the chitinozoan zonal scheme of Paris (1981) to this association is not 

possible due to the impoverished chitinozoan assemblages recorded. 

Association 22 (see Tilia graph 13). 

monograptus ! ransgrediens Zone in age. 

DW 94 is the only sample from which this association was recorded. The association includes 

abundant Cy7nbosphaeridiwn sp. 1, Common Diexallophasis denticulata var. A, Hapsidiopalla cf. 

sannemanni, Orygmahapsisfistulosa, Triangulina sanpetrensis and Visbysphaera microspinosa var. C. 

-Ibe chitinozoan assemblage is of moderate species diversity including, Angochitina echinata, 
Cingulachitina spp., Muscochitina muscosa and Pkaochitina sp. 1. 

Discussion: The zonal scheme of Jardine et al. (1974) and Jardine & Yapaudjian (1968) are not 

applicable to this association due to the lack of coincident stratigraphically useful taxa. Paris (1981) 

defined a zone from this chronostratigraphic level, Zone 24, from SW Europe which has no taxa in 

common with the association described here. 

Association 23 (see Tilia graph 13). 

Monograptus uniformis Zone in age. 

Assemblages recorded from samples DW 57 and DW 58 are included in this association. lie 

significant acritarchs present include common Diexallophasis denticulata var. A, occasional 

Ammonidium sp. 2, Cymbosphaeridium pilar pilar and Multiplicisphaeridium variabik, Orygmahapsis 

ftstujosa, Riangulina sanpetrensis, Visbysphaera microspinosa var. C, Acritarch Form G and 

inconsistent Diexallophasis remota var. A and Acritarch Form J. The sparse chitinozoan assemblages 

include Angochitina crassispina, occasional Hoegisphaera cL glabra, and occasional Cingulochitina 

SPP. 

Discussion: It is interesting to note the first occurrence of Cýmbosphaeridium pilarpilar s. s. as late as 

the Gedinnian in the present study. Specimens of Cymbosphaeridiwn pilar recorded from the older 

samples have a less prominent ornamentation than this variety from the Gedinnian. Ile youngest 
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Figure 18. A correlation of the standard ammonoid, conodont and graptolite zones, the 

Northern Gondwanan chitinozoan zones and the O. R. S. continent spore zones with 
the palynological associations defined herein from the Devonian. 
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occurrences of Ammonidium sp. 2, Dituallophasis denticulata var. A and Orygmahapsisfisfulosa are 

recorded at this level. Angochitina crassispina is only recorded in this association in the present study. 

Associations 24 and 25. 

These associations are described from the assemblages recorded from Oum Doul-I and are documented 

later in this chapter. 

Association 26 (see Tilia graph 13). 

Monograptus yukonensis Zone in age. 

TUe assemblages recorded from samples DW 96 and DW 97 comprise this association. 7be association 
is dominated by abundant Cyrnbosphaerldium pilarpilar, Acritarch Form U and Cingulachitina spp., 

notably C. cf. conwwa, C serrata and Cingulochitina sp. 1. Other significant occurrences include 

, 4crinophasis cf. compluritala, Triangulina sappetrensis, Vishysphaera microspinosa vars. B and C, 

Fungochitina Pistilliformis and inconsistent Quadradifum scutiferwn, Ancyrochitina tor? nentosa, A. 

jumida and questionable Rerochitina perivelata. 

Discussion: As with the assemblages from the Monograptus uniformis Zone, the specimens of 

cymbosphaeridiwn pilar are ornamented with relatively coarse grana. Actinophasis complufilata has 

only previously been recorded from the Late Gedinnian of North America (Loeblich & Wicander 

1976), the closely related morphotype Actinophasis cf. complurilata is recorded here from slightly 

younger sediments. Comparison of the chitinozoan part of the assemblage with Paris 1981, table 39, 

shows marked contradictions of the supposed chronostratigraphic ranges of some of the species 

recorded by that author. For example, several of the Cingulachifina species supposedly restricted to 

the pridoli and Gedinnian e. g. Cingulachitina sp. A (= Cingulachitina sp. I herein), C serrata and C. 

cf. serrata are recorded here in the latest Siegenian in considerable numbers. Other notable occurrenm 

occurring younger than the records of Paris (198 1) include Ancyrochitina tormentosa, A. tumida, 

pterochitina perivelata?, Fungochitina pistillifomis lata. Ilese latter forms occur in far fewer 

numbers than the Cingulachitina species. 

Assemblages recovered from Oum Doul-1. 

Twenty-six core samples from between 1496m (Strunian) and 4215.4m of Ourn Doul-I have been 

wAysed. The assemblages are described from the oldest to the youngest for reasons of continuity with 
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the descriptions of the Ordovician-Lower Devonian field samples. NO macrOfossil data for the well is 

available to the author, hence the dates assigned are derived solely from the palynological assemblages. 

Lower to Middle Devonian. 

Twenty samples from this interval have been analysed, the assemblages from which comprise five 

palynological associations (fig. 18). 

Relevant literature: The relevant palynostratigraphic literature for this stratigraphic interval has already 
been discussed in the section describing the Silurian to Lower Devonian aged field samples. 7be most 

significant comparative papers include Paris, Laufeld & Chlupac 198 1, Paris 198 1, Jardine & 

japaudjian 1968, Jardine et al. 1974, Boumenjel et al. 1988, Wicander 1983, Cramer 1964, Diez & 

Cramer 1977, Deunff 1976 and 1980, Deunff & Paris 1971, Loeblich & Wicander 1976, Playford 

1977, Richardson & Lister 1989, Richardson & McGregor 1986, Streel et al. 1987, Massa & Moreau. 

]Benoit 1976 and Steenuns 1989. 

Association 24 (see Tilia graph 14). 

This association is described from the four lowemost core samples from the well which are from the 

Lmhaifid Formation between 4214.5m and 4217m depth. The assemblages are generally of high 

species diversity. The acritarchs occurring in high abundance include Cymbosphaeridium pilarpilar, 

C. pilar scabratum, Dierallophasis denticulata, D. reinota, D. remota rabiosum and 

M"Itiplicisphaeridiwn reunispinosum. Several taxa of biostratigraphical value occur in lower numbers 

including Dateriocradus lindus, Multiplicisphaeridium lobanum, M. raspum, Onondagella deunffl, 

Ozotobrachion palidodigitatus, Rerospermella onondagaensis, and Quadraditumfintasticum. 

Ile. chitinozoan assemblages are also diverse in species composition with Angochitina ch1upachi, 

angulachitina spp, Hoegisphaera cf. glabra and Sphaerochitina sphaerocephala all prominent. The 

other notable occurrences within the chitinozoan assemblages include Pterochitina Perivelata, 

Urnochitina urna and Calpichitina sphaerica. Ile spores make up approximately 30 % of the 

palynomorph sum. This component is dominated by Retusotriletes spp. with rare Apiculiretusotriletes 

spp. The presence of Brochotrietes spp. and zonate spores (plate 136, figs. 3 and 6 respectively) is 

significant for biostratigraphic purposes. 

]2Ls:, cussion- The previously published stratigraphic ranges of many of the taxa recorded appear to 

indicate contradictory ages for this association. Within the chitinozoan component of the assemblages, 

, ral species are significant biostratigraphic markers. Paris (1981) conside iti a seve red Pteroch na pMveW 

and Urnochitina Urna to be zonal species, lending their names to his two zones from the Pridoli (Paris 
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na hae Ce 1990, table 40). The ranges of these two species and the also present Sphaerochiti sp ro phala is 

illustrated by Paris (1981, table 39) as being restricted to the Pridoli. However, the presence of 
Angochitina chlupaci and Calpichitina sphaerica is not consistent with a Pridoli age for this 

association. The stratigraphic range of these species does not extend down into the Pridoli but would 

appear to indicate a Lower Gedinnian age. 

Ilie acritarch assemblages appear to be dominated by forms having previous stratigraphic records from 

the Lower Devonian. These include Ozotobrachlon palidodigitatus (Godinnian-Emsian, Cramer 1966, 

Playford 1977), Dlexallophasis remota var. rabiosum (Siegenian-Emsian, Cramer 1964,1970), 

Multiplicisphaeridium lobeznwn and M. raspum (both Middle Siegenian-Emsian, Cramer 1964). Both 

C? uaraditumfantasticum and Onondagella deunffi which occur in the late Silurian are reported to 

range into the Gedinnian (Diez & Cramer 1977). It is interesting to note that Cymbosphaeridium pilar 

pilar s. s. was recorded from the macrofossil dated field samples studied here that are Gedinnian and 

younger in age. 

Within the spore assemblages, the presence of rare zonate spores and Brochotriletes spp. is important. 

Richardson & McGregor (1986) record the first appearance of zonate miospores within their 

micrornatus-newportensis Zone which is of Gedinnian age. Forms with foveolate ornamentation are 

also interpreted as having their first appearance at this level. 

Consideration of the acritarch and spore assemblages would appear to indicate a Gedinnian age for this 

association. The chitinozoan assemblages also possess species indicative of a Gedinnian age, however 

they do contain forms that have previously been reported as being restricted to the Pridoli, e. g. 

pyeroýhitina perivelata, Urnochilina urna and Sphaerochitina sphaerocephala. Ilese latter species 

may either be interpreted as ranging into the Gedinnian or, more likely, they are reworked. 

The presence of zonate spores and Brochotriletes sPP. suggests that this association is younger than 

lowermost Gedinnian (Richardson & McGregor 1986) which implies that this association is younger 

than Association 23. 

A&wdation 25 (see Tilia graph 14). 

This association incorporates the assemblages recovered from three core samples between depths 

4069. Sm and 4071.5m from the Lmhaifid Formation. The diverse acritarch component of the 

assemblages is dominated by common C)vnbosphaeridium pilar pilar, abundant Diexallophasis 

denlicuMta and common A remota var. rabiosum. Biostratigraphically significant taxa occurring in 

ifractum, Daisypilula co fewer numbers include Baltisphaeridium an mpacta, Demor, hi cf. het um 

jappaceum, Diexallophasis remota var. A, Onondagella deunffl, Onondagella sp. 1, Ozotobrachion 
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furcillatus, 0. palidodigitatus, Pterospermella circumstriata, Quadraditumfantasticum, 

7hysanoprobolus polybon and Triangulina alargada. 

Ilie chitinozoan assemblages are of moderately high diversity but only moderate abundances of tax& 

recorded. The genus Ancyrochitina is represented by rare A. tormentosa and A twnida. Five species 

of Cingulachitina are recorded including the biostratigraphically significant form C. plusquelleci. 

Eisenackitina species are prominent including common E. taugourdeaui and rare E. raucheri. Other 

significant occurrences include Fungochitina pistilliformis lata, Margachilina spp. notably M. 

Catena? ja crassipes and M. catenaria tenuipes, Muscochitina muscosa and Pterochitina perivelxa. 
11le spores make up less than 5% of the palynomorph sum in this association with Retusotrileres spp. 
donjumt and tripapilate forms common. Zonate spores also occur in low numbers. 

Discussion: Several of the chitinozoan species recorded here were reported from south-west European 

sections by Paris 1981. The co-occurrence of Muscochitina muscosa, Ancyrochitina tormentosa, 

Cingulachitina Plusquelkci, Margachitina catenaria fenuipes, Eisenac)dtina raucheri, E. raugourdeaui 

and Fungochitina pistilliformis lata here clearly indicates that this association is assignable to Zones 29 

to 30 of Paris (1981, table 39). This would indicate an age of late Gedinnian for the association. Ile 

occurrence of Rerochitina perivekita and Margachitina catenaria crassipes at this stratigraphic level is 

rather anomalous (see Paris 1981, table 39). This could be interpreted as ftwffier evidence for the 

reworking of Pridoli aged sediment during the Gedinnian. 

lie age indicated from the acritarch assemblages is clearly consistent with that derived from the 

chitinozoans. Forms such as Daisypilula compacta Oate Gedinnian, Loeblich & Wicander 1976), 

Demorhethium lappaceum (late Gedinnian, Loeblich & Wicander 1974,1976; Gedinnian, Deunff 

1980), Ozotobrachionfurcillatus (Late Gedinnian-Middle Devonian, the late Gedinnian records include 

Loeblich & Drugg 1968 and Loeblich & Wicander 1974), 0. palidodigitatus (Gedinnian-Enisian, 

Cramer 1966, Playford 1977), Plerospemella circurmtriata Oate Gedinnian-Emsian, Loeblich & 

Wicander 1976), Quadraditumfintasticum (Llandovery-latest Gedinnian, Diez & Cramer 1977; 

Gedinnian, Deunff 1980), 7hysanoprobolus polyhon (late Gedinnian, Loeblich & Tappan 1970, 

Loeblich & Wicander 1976; Gedinnian, Deunff 1980) and Triangulina alargada (Gedinnian-Givetian, 

Diez & Cramer 1977; Gedinnian, Deunff 1980) are all typical of Gedinnian aged assemblages. 

The taxon Diouallophasis remota var. A was recorded in the macrofossil dated field samples or earliest 

C; edinnian age and would appear to range upto the late Gedinnian on the evidence of the associated 

palynomorphs found here. Baltisphaeridium anfracrum appears to occur at a Younger stratigraphic 

level in morocco compared to previous records from North America (Wicander 1983). Onondagella 

sp. I is a distinctive palynomorph of potential biostratigraphic use and has previously been reported by 

Al-Ameri (1986) as PuMnosphaeridiwn sp. from the Lower Devonian of North Africa. 
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The rather indistinct miospore assemblages contain zonate forms suggesting an age younger than 

earliest Gedinnian (Richardson & McGregor 1986). 

The acritarch and chitinozoan assemblages strongly indicate an age of late Gedinnian for this 

mociation. 

Association 27 (see Tilia graph 14). 

71e assemblages from two samples from the Assa Formation between depths 3675m to 3677.5m are 
included in this association. 

The assemblages are of moderate species diversity dominated by the acritarchs Diexallophasis remota 

rabiosum and D. remota remota. Other notable acritarchs present in lower numbers include 

Ammonidiwn? alloiteauli, Candekisphaeridium cf insolitum, Florisphaeridium loyetae, herospermella 

onondagaensis, Triangulina alargada and Winwaleosia distracta. 

The sparse chitinozoan assemblage includes Ongulachitina serrata, Margachitina catenaria catenaria 

and Sphaerochitina sphaerocephala. 

TUe spores are relatively high in abundance making up over 40 % of the palynomorph sum within the 

assemblages. Biostratigraphically significant occurrences include Mayotriletes emsiensis, D. 

richardsoni and Dibolisporites variverrucatus. 

Discussion: - 
There appears to evidence of the mixing of palynomorphs from two stratigraphic intervals. 

The spores Dictymiktes enviensis and Dibolisporites variwmcatus were recorded by Massa & 

Moreau-Benoit (1976) from Ubya within their Zone 2, for which an age of late Siegenian to earliest 

Emsian was proposed. The stratigraphic range of A entsiensis on the Old Red Sandstone continent, 

Siegenian to early Emsian (Richardson & McGregor 1986), supports the datation of Zone 2 by Massa 

& Moreau-Benoit. The acritarch Florisphaeridium toyetae is previously recorded from the middle 

Siegenian-Emsian (Cramer 1964). The co-occurrence of D. emsiensis, D. variverrucatus and F. toyetae 

indicate an age of late Siegenian to early Emsian for this association. 

However, several taxa indicative of a Gedinnian age are also recorded in this association. Ilese 

include the acritarch Candelasphaeridium cf. insolitum (Gedinnian, Deunff 1980; Steemans 1989), the 

chitinozo&ns cingulachitina serrata (Pridoli-Gedinnian, Paris 1981), Margachitina catenaria Catenaria 

(middle Gedinnian, Paris 1981) and Sphaerochitina sphaerocephala (Pridoli-earliest Gedinnian, Paris 

198 1), and the spore Dicryotriletes richardsoni (Gedinnian, Steeman 1989). This appears to be further 

evidence of reworking of latest Silurian and early Devonian sediments during the Lower Devonian 

interval. 
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A&wdation 28 (see Tilia graph 14). 

The assemblages from seven samples from the N'Kheila Formation between the depths 3239m and 
3504.2m are included in this association. 

The acritarch assemblages shows a marked contrast in composition to these of the underlying 

association. 7bere is a distinct increase in the abundance of Ammonidium? alloiteauil and 
Gorgonisphaeridium telum with several forms making their first up-section appearance including 

Craterisphaeridium sprucegrovensis, Cymatiosphaera carminae, NaWfiisa bacilla, N. minuta 
Onondagella aspwnetfica, Polyedryxium evolutum, A embudum, and A pharoane. There is a notable 

reduction in the abundance of Diexallophasis remota compared to the underlying association. 

Ile chitinozoan assemblages also show a marked change in this association. The Angochitina 

phi, Uppoti complex of species is very conspicuous here with the presence of Burrachitina bursa and 
Eisenackitina castor also of stratigraphic significance. Ancyrochitina ancyrea var. A is inconsistently 

present in this association. 

The spores assemblages are dominated by large grandispores and includes stratigraphically important 

species such as Emphanispofites annulatus, Grandispora douglwtownense, G. gabesensis and G. 

protea. Diatomozonotrikles sp. and Hystrichosporiles spp. are also present. A single specimen of 

Ancyrospora nettersheimewls was recovered from the uppermost sample included in this association. 

piscussion: Comparison of the spore assemblages of this association with assemblages from the 

Ghadamis Basin, Tunisia (Loboziac & Streel 1989) indicates an Eifelian age. This is based on the co- 

occurrence of Emphanisporites annulatus, Grandispora douglastownense, G. gabesensis and G. protea. 

Comparison with the zonation scheme of Richardson & McGregor (1986) shows that the association is 

probably assignable to their G. douglastownense-A. eurypterota Zone based on the presence of G. 

douglastownense, G. protea (= Calyptospofites proteus) and Ancyrospora nettersheimensis. This zone 

is indicated to OCCUPY the latest Emsian to earliest Eifelian interval by the authors. Consideration of 

spore data from both Northern Gondwana (Loboziac & Streel 1989) and the Old Red Sandstone 

continent (Richardson & McGregor 1986) indicates an age of early Eifelian. 

The acritarch component of the assemblages is consistent with a Middle Devonian age for the 

association. NaWfiua minuta , N. bacillum, Onondagella asymmetricum, Polyedryxium embudum, P. 

evolutum and P. pharoane are all typical in the Eifelian (Deunff 1955,1966,1971, Legault 1973, 

Playford 1977, Wicander 1983). The abundance of Ammonidium? alloiteauii and the first upsection 

records of awerisphaeridiwn sprucegrovense, Stellinium octoaster and Cymatiosphaera carminae are 

notable stratigraphic OCCUffences. 
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The notable feature within the chitinozoan component of the association at this stratigraphic level is the 

marked increase in abundance of chitinozoans with abundant\common forms assignable to the 

Angochitina philippoti complex. Bursachitina bursa and Eisenackitina castor and Ancyrochitina 

ancyrea var. A are the other morphologically distinct forms of note here but these forms do not occur 

in all the assemblages included in this association. 

A&wdation 29 (see Tilia graph 14). 

The assemblages from four samples from the N'Kheila Formation between the depths 3130.65 and 
3186.5 are included in this association. 

The composition of the assemblages is not dissimilar to those of the underlying association 28, however 

there is a marked change in abundance of several of the taxa present. This is confirmed by the 

dendrogram illustrating the cluster analysis on Tilia graph 14. Within the acritarch component, the 

most notable change is the increase abundance of Veryhachium species, notably V. cf. arcarium and V. 

cf. cymoswn. 7be other acritarchs with a notable increase in abundance are Polyedryxium pharoane 

and cf. Tunisphaeridium sp. A notable decrease in abundance from the underlying association is that of 

Ammonidium? alloiteauii. MultipUcisphaeridium? sp. 2 is the only acritarch to makes its first upsection 

appearance in this association. 

The chitinozoans are far less numerous than in Association 28. Forms assignable to the Angochitina 

philippoti complex are still prominent with Bursachitina bursa and Ancyrochitina ancyrea var. A 

present. 

The spore assemblages are once again dominated by Grandispora sýp. which, due to poor preservation, 

were found difficult to speciate. A notable aspect of this assemblage is the increase in abundance of 
Ancyrospora nettersheimensis. 

Discussion: The presence of Ancyrospora nettersheimensis suggests that the association is no younger 

than Eifelian in age (Loboziac & Streel 1989). This is substantiated by the absence of the ubiquitous 

species Ge? ninospora kinurata which has a Givetian and younger range. Ancyrospora nettersheimensis 
has been recorded in over 50 wells from the subsurface of Libya with a similar trend in abundances as 
that recorded in the present study (P. Swire pers. comm 1992). 7be increase in abundance as recorded 
in this association is believed to occur in the late Eifelian. 

As with the underlying association, the acritarchs and chitinozoans recorded e. g. NaWfusa minuta , N. 

bacillum, Onondagella asymmerricum, Polyedryxium evolutum P. pharoane and Bursachitina bursa are 

consistent with a Middle Devonian age (Deunff 1955,1971, Legault 1973, Wicander 1983). 
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UDger Devonian. 

Twenty samples from this interval have been analysed, the assemblages from which comprise five 

palynological associations (fig. 18). 

Relevant literature: The publications concerning material from Libya and Algeria (Paris et al. 1985, 

Streel et al. 1988, Loboziac & Streel 1989, Boumenjel et al. 1988, Massa & Moreau-Benoit 1976) and 

the Ardennes and Belgium (Martin 1981,1982,1984, Streel et al. 1987) for this stratigraphic interval 

are most comparable with the assemblages recorded in the present study. Comparison with previous 

studies in the UK and Eire (Richardson & McGregor 1986, Higgs Clayton & Keegan 1988), North 

America (Wicander 1974,1983, Wicander & Playford 1985, Wicander & Loeblich 1977, Jenkins & 

Legault 1977) and Brazil (Brito 1967) are also made where relevant. 

Association 30 (see Tilia graph 14). 

The assemblage from a single sample, OD 2409.65 from the Anou Smaira Formation comprises this 

association. 

The association is markedly different in species composition to the previous. This association includes 

the first appearances of the acritarchs Ammonidium grosjeanii, DailWium pentaster, Diewallophasis 

reinota tyrea, Maranhites spp. notably M. britoi and M. stoclanansil, Palacanthus tripus, 

Pratukisphaera novacula, Quisquilites buckhornensis, Stellinium comptum and Umbellasphaeridium 

d&ndrel. Also prominent are abundant Tasmanites spp. and Craterisphaeridium sprucegrovense. 

The chitinozoan assemblage is dominated with the species Sphaerochitina pilosa which makes up 

approximately 4% of the palynomorph sum. 

The poorly preserved spore assemblage lacks the Grandispora species that dominated the assemblages 

of Association 29. 

DiscussianL. 7be chitinozoan Sphaerochitina pilosa has a strat'graPhic range of late Emsian through 
Frasnian (Jenkins 8-' LegRult 1979, Streel et aL 1988) indicating an age of no younger than Frasnian for 

this association. 

The diverse acritarch assemblage suggests an age of Famennian, probably lower Famennian based on 

comparison primarily with material documented from outcrop in Belgium (Martin 1981,1982,1984) 

and also from the subsurface of Libya (Streel et at. 1985, Paris et al. 1988, P. Swire pers. comm. 
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1992). When compared to material of Late Devonian age from Belgium, the present assemblages have 

many species in common. The material studied by Martin (1981,1992,1984) is dated by shelly 

macrofaunas and ranges between early Frasnian and early Famennian in age. In her 1981 publication 
in which she documents the latest early Fammenian aged assemblages, the coincidence of taxa present 

with the present study is greater than those from the Frasnian. These coincident taxa include 

Maranhites b? *oi, M. stoclanansii, DailWium pentaster, Polyedryxium pharoane (-Eisenackidium 

martensianwn), Ammonidium grosjeanil, A. sprucegrovensis and Stellinium comptwn. However, it is 

notable that Ephelopalla gorkae, recorded in the overlying Association in the present study, is typical 

of the latest early Frasnian interval in Belgium and it may be concluded, therefore, that this association 

is older than the latest early Frasnian. 

In Libya, several prominent species observed here and in Belgium e. g. Maranhites spp. are not 

recorded, however taxa such as Umbellasphaeridium deflandrei and Craterisphaeridium 

sprucegrovensis are recorded from the Frasnian of Libya. It is interesting to note the occurrence of a 

flood of tasmanitids in Libya during the early Frasnian (P. Swire pers. comm. 1992). Similarly high 

abundances of Tasmanites spp. are recorded in the present association, however, one can not be over 

cautious in correlating such events from one sedimentary basin to another. 

The only previously published record of Pratulasphaera nowular appears to be from the Frasnian of 
Iowa, USA (Wicander & Playford 1985). This record is consistent with the age assignation of the 

present association. 

From the chitinozoan and acritarch data available from North Africa and Belgium, a Frasnian, probably 

early Frasnian age can be assigned to this association. 

It is interesting to note the absence of Geininospora kmurata from the present study. This taxon occurs 
in greatest abundance in the early\middle Givetian at which time it appears to be almost ubiquitous 
(Streel et aL 1987, Loboziac & Streel 1989, Loboziac pers. comm. 1992). It occurs in lower numbers 

and is more sporadic geographically in the Frasnian (P. Swire pers. comm. 1992). This species is not 

recorded from the Frasman aged Moroccan assemblages studied here. 

Association 31 (see Tilia graph 14). 

The assemblages from two samples from the Draa Formation at depths 1809m and 1809.3m are 
included in this association. 

The acritarch assemblages are diverse in their species composition with the most notable change from 

the underlying association being the abundant presence of Gorgonisphaeridi= spp, notably the G. 

spicatum complex of forms. Also prominent are Baltisphaeridium? sp. 5, Cý7=josphaera konensis, 
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DailWium pentaster, Diexallophasis reinota var. tyrea, Ephelopalla gorkae, Maranhites mosessil, M. 

stoclanansii, MuraticaWa sp. 1, herospemella eruptio, Stellinium Comptum, S. octoaster 

Umbellasphaeridium deflandrzi and Acritarch Form P. Biostratigraphically significant forms 

occurring in low abundances include Crassiangulina tesselita and Palacanthus tripus. Ammonidium 

grosjeanli is far less common than in the underlying association 30. 

No chitinozoans are recorded in this association. 

Within the spore assemblages, the stratigraphically useful species Auroraspora torquata and 
Ancyrosporafurcula are present. 

Discussion: T'he presence of Auroraspora torquata in the association enables the application of the 

zonal scheme of Richardson and McGregor (1986). Its presence suggests that the present association is 

assignable to the torquata-gracilis Zone or younger, implying an age no older than latest Frasnian. 

This age is refined by the acritarch assemblages when they are compared with those from Belgium 

documented by Martin (1984). The composition of the present association indicates a correlation with 

her assemblages III to V. This is based on the co-occurrence of Ammonidium grosieanii, Daillydium 

pentaster, Diexallophasis remota var. tyrea, Maranhites mosessli, M. stoclanansii, Craterisphaeridium 

sprucegrovense (=Ammonidium sprucegrovense), Palacanthus tripus, Polyedryxium pharoane, 

Rerospermella eruptio, Stelfinium comptwn and S. ocioaster here and in Belgium. An early 

Faxnennian age for the association can therefore be inferred. 

The broad nature of the published studies concerning material from the subsurface of Libya (Streel er 

al. 1985, Paris ef al. 1988) and Algeria (Jardine et al. 1974) makes comparison of the present 

assemblages impractical. 

Association 32 (see Tilia graph 14). 

The assemblages from two samples from the Draa Formation at depths 1612m and 1612.1 m are 
included in this association. 

The assemblage is dominated by the super-abundance of Gorgonisphaeridium spp. There is a change in 

the composition of the Gorgonisphaeridium component of the assemblages from the underlying 

association which is dominated by the Gorgonisphaeridium spicatum complex. 7be present association 
is dominated by the Gorgonisphaeridium ohioense complex with the first stratigraphic occurrence of 
Gorgonisphaeridiwn? sp. 2 and Gorgonisphaeridium sp. 3 also at this level. Taxa occurring in fewer 

numbers include aassiangulina tesselita, Craterisphaeridium sprucegrovensis, Ephelopalla gorkae, 
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Muraticavia sp. 1, Polyedryxium pharoane, Stelliniwn comptum, S. ocloaster and Veryhachium downiel 

downiei. 

No chitinozoans and no age diagnostic miospores are recorded in assemblages constituting this 

association. 

Discussion: Comparison of this association of acritarchs with the literature indicates an age of 
Famennian or older (Streel et al. 1985, Paris el aL 1988, Jardine el al. 1974). Recent unpublished 

work on the subsurface of 11bya (P. Swire pers. comm. 1992) indicates that Craterisphaeridium 

sprucegrovensis has a stratigraphic top in the early Famennian by the calibration of the occurrences of 

this form with the associated miospore assemblages. The presence of this form, therefore, and the 

stratigraphic popition of the association in the well (i. e. above Association 31 which is interpreted as 

e4rly Famennian in age) indicates an age of early Famennian. 

There is evidence of reworking at this stratigraphic level indicated by the presence of the Upper 

Silurian to Lower Devonian species Onondagella deuqffl. 7be presence of several other taxa within the 

association as a result of reworking (e. g. Ephelopalla gorkae, MuraticaWa sp. 1, Polyedryxium 

pharoane) can not be ruled out. 

Association 33 (see Tilia graph 14). 

The assemblage from one sample, OD 1496 from the Lefdar Formation at depth 1496m in the well 

constitutes this association. 

As with Associations 32 and 33, the acritarch component of this association is dominated by the super. 

abundance of Gorgonisphaeridium spp. with the Gorgonisphaerldium ohioense complex predominating. 
The Gorgonisphaeridium spicatum complex, Gorgonisphaeridium? sp. 2 and Gorgonisphaeridium sp. 3 

are also prominent. Other stratigraphically significant forms occurring in low numbers are 
Crassiangulina tesselita, Maranhites spp. notably Maranhiles sp. 1, Terraporina horologia, T. 

quadrispina and Umbellasphaeridium saharicum. Several acritarchs; present are discussed below as 
having been reworked e. g. aaterisphaeridium sprucegrovensis, Polyedryxiwn pharoane and A 

embudum. 

one specimen of Sphaerochitina pilosa was recovered from this assemblage which is believed to be 

strong evidence for the presence of reworked palynomorphs (see discussion below). 

Ile diverse miospore assemblage recovered includes several age diagnostic forms including Refispora 

kpidophyta, Vekitispofites pusillites, Discemisporites micromanifestus, Spelaeotdktes granuWus and 
Auroraspora lorquata. 
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DiscuwionL The miospores present in this association enable a refined biostratigraphic age to be 

assigned. Ile presence of Redspora kpidophyta, Velatisporites pusillites, Discernisporites 

micromanifestus and Auroraspora torquata suggests that the association can be assigned to the 

pusillites-lepidophyta Zone of Richardson & McGregor (1986). This indicates an age of early 
Strunian. An age no more refined than Strunian is indicated by the application of the zonal scheme of 
11iggs, Clayton and Keegan (1988) in which the co-occurrence of X kpidophyta and V. pusillites 
implies the present association is assignable to their LL-LN Zones. Further unpublished evidence from 

Ubya of an early Strunian age comes from the presence of common Spelaeotriletes granulatus in 

association with R. kpidophyta (P. Swire pers. comm. 1992). 

The acritarchs Crassiangulina lesselita, Tetraporina horologia, T quadrispina and 
Umbellasphaeridium saharicum are all previously recorded from the Strunian of North Africa (Streel et 

al. 1985, Paris et al. 1988, Jardine et al. 1974), however, it is interesting to note that the latter three, 

Tetraporina horologia, T quadrispina and Umbellasphaeridium jaharicum, are not recorded in the 

Frasnian to early Famennian assemblages here which differs from the pervious records in Libya (see 

Paris et al. 1988). 

There are no unequivocal records of Strunian aged chitinozoans in the literature to my knowledge. The 

species recovered in the present assemblage, Sphaerochitina pilosa, has a published stratigraphic range 
top in the Frasnian (Jenkins & Legault 1979, Paris et al. 1988), hence it safe to say that the occurrence 

of this form in Strunian aged sediments indicates the presence of reworked palynomorphs. Further 

evidence comes from the acritarch component of the assemblages in which the previous records of 

several forms e. g. Polyedryxiwn embudum (Emsian-Givetian, Deunff 1966,1971, Playford 1977) 

indicate recycling has occurred. It should be noted, therefore, that taxa whose stratigraphic occurrence 
is not previously documented from this level (e. g. Craterisphaeridiwn sprucegrovensis, DailWium 

pentaster, Polyedryxium pharoane and Pterospe? mella eruptio) could very possibly be recycled. 
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Chapter 8. Environmental palynology. 

Previous studies regarding the spatial distribution of palynomorphs (e. g. Muller 1959, Staplin 1961, 

Aldridge et al. 1981, Doming 1987) have revealed trends in the gross morphology of the constituents 

of palynological assemblages from the terrestrial realm through the continental shelf and out into 

abyssal areas. In the present study, the relative abundance of palynomorph groupings have been 

calculated in order to investigate the palaeoenvironments of deposition of the samples studied. The 

environmental model of Doming (1987), constructed on data from the Palaeozoic, is applied here and 
the results are considered in conjunction with the sedimentalogical data available. 

The groupings utilised am the acritarchs, which are split into 'acanthomorphs', 'spheromorphs' and 
'other acritarchs' sensu Cramer & Diez 1979, prasinophytes, chitinozoans and spores. The proportions 

of these groups are illustrated on Tilia graphs 1-14. 

In summary, Doming (1987) recognised trends in the gross composition of palynological assemblages 

recovered from i. sediments deposited in the littoral or nearshore zone, ii. sediments deposited in the 

neritic zone (on the mid to outer shelf) and iii. sediments deposited in the bathyal and abyssal zone 
(figs. 19 & 20. ) 

Within the littoral zone, low diversity marine palynofloras are dominated by thin walled spheromorphic 

acritarchs. These simple acritarchs may be accompanied by flask shaped chitinozoans without long 

spines e. g. Sphaerochitina (Laufeld 1974). In the late Ordovician, Silurian and Devonian (i. e. the 

period of primitive land plant colonisation and diversification), the marine element is commonly 

associated with high proportions of miospores derived from the adjacent landmass. Ile proportions of 

the allochthonous terrestrial element is obviously strongly influenced by the sedimentation rates 

prevailing at the time of deposition, however, the proportions of miospores in the assemblages can give 

a general indication of the distance from shoreline of the site of deposition. The abundance of 

miospores present can be generally interpreted as being inversely proportional to the distance from the 

palaeoshoreline. 

The mid to outer shelf area supports a higher diversity microflora with acanthomorphic acritarchs 
dominant. The associated chitinozoans include forms with complex and elaborate ornamentation e. g. 
Ancyrochitina, Pkaochifina. 

Assemblages recovered from sediments deposited in the abyssal realm have a low diversity composition 
dominated by spheromorphic acritarchs as in the littoral zone. However, spheromorphic forms 

recovered from sediment deposited in deeper parts of the basin are noticeably thicker walled e. g. 
Lejosphaeridia microcystis. Prasinophycean algae are also commonly associated with such deposits, 

notably Tasmanites 
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Figure 19. Palynomorph distnbution across the continental shelf for the Ordovician (Caradoc) 

and the Silurian (Wenlock). 
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Fig. 14.4 - Ordovician organic palaeontology; diagrammatic sketch of selected palynomorph distribution 

from the Caradoc carbonate shelf. L. Leiosphaeridia, N. Navifusa, P. Peteinosphaeriýium, B. Baltisphaero- 

sum, V. Veryhachium, M. Micrhystridium. Spores: Di. Diadospora, No. Nodospora. Chitinozoansý Des. 

Desmochitina, Cya. Cyathochinna, Lag. Lagenochirina, Anc. Ancyrochirina. 
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Fig. 14.5 SJurian organic palaeontology; diagrammatic sketch of selected palynomorph distribution from 
the Wenlock carbonate shelf. L. Leiosphaeridia, P. Pterospermella, S. Salopidium, D. Diexallophasis, M. 
Micrhystridium, V. Veryhachium. Spores: Am. Ambitisporites, al. alete spores with thickened equatorial 

margin. Chitinozoans: Lin. Linochirina. Con. Conochitina, Anc. Ancyrochinna, Sph. Sphaerochinna. 
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Figure 20. Palynomorph distribution across the continental shelf for the Devonian (Givetian) 

and the early Carboniferous (Toumasian). 
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Fig. 14.6 Devonian organic palaeontology; diagrammatic sketch of selected palynomorph distribution 
from the Givctian carbonate shelf. L. Lewsphaeridia, P. Pol 

, yedrixiurn, M. Multiplicisphaeridium, G. 
Gorgon isp haeridiurn, V. Veryhachium. Spores: Re. Rewotriletes, Ac. Acinosporites, Gr. GrandLspora. 

Chitinozoans: Des. Desmochitina, Anc. Ancyrochum, Ang. Angochirina, Sph. Sphaerochinna 

Caroorife, ous Tournais-an 

G4 

ýW sG 

Fig. 14.7 - Carboniferous organic palacontology; diagrammatic sketch of selected palynomorph distribu- 
tion from the Tournaisian carbonate shelf. L. Leiosphaeridia, S. Stellinium, G. Gorgonisphaeridium, U. 

Unellium, M. Micrhystridium, V. Veryhachium, Spores: Re. Reworriletes, Sp. Spelaeorriletes. 
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spp. Ile chitinozoans recovered from deep water sediments tend to be small forms, Such as 
Desmochitina spp., and lack the elaborate ornamentation of those commonly recovered from shelf 
deposits. 

An example of palynomorph distribution across the continental shelf for each of the systems studied 
here, namely the Ordovician, the Silurian and the Devonian is presented by Doming (1987), figs. 19 & 

20. Ilese, are useful for comparison with the palynomorph trends observed. 

Doming (1987) considers relative water depth, nutrient supply, oxygen availability and the rate of 

sedimentation to be the major factors controlling the distribution of palynomorphs; in the marine realm. 
His broad model is based on observations in the field and on the consideration of the interplay of these 
factors across a. typical teffestrial-shelf-abyssal topography. 

Recent palaeogeographic models for Northern Gondwana (e. g. Scotese & McKerrow 1990, Paris 1992, 

T. P. Young pers. comm. 1992) indicate that a shallow topography, relatively stable continental 

situation prevailed in Morocco through most of the Ordovician to Devonian interval during which an 

almost complete sequence of sediments were deposited (Destombes, Hollard & Willefert 1985). 

The Ordovician. 

All the assemblages analysed from the Ordovician in the present study are marine in origin. In general, 
the preservation of palynomorphs is rather poor so caution must be expressed in nuking interpretation 

of the assemblages recovered which are probably not a full representation of the original assemblage 

that was deposited. However some broad conclusions can be drawn. 

Ile Fezouata Formation. (sm Tilia mphs 1-6). 

The assemblages recorded from this formation are dominated by acanthomorphic acritarchs which 
indicate deposition in a mid to outer shelf setting. 7be assemblage included in Association 2 is the only 
exception from the Fezouata Formation assemblages analysed. Here, the assemblage is of a much 
lower species diversity, dominated by one species, Cý7=iogalae messaoudii, of the 'other acritarch' 

group. The high abundance of this form is at the expense of the acanthomorphic acritarchs. This may 
indicate a more stressful environment of deposition (e. g. high salinity, near shore) at that time. 71ere 
is no lithological reflection of this apparent change in the depositional conditions. 
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The Tachila Formation (see Tilia graph 7). 

The assemblages recorded from the Tachila Formation are also dominated by acanthomorphic 

acritarchs. The spheromorphs present are relatively thick walled. The chitinozoan element is diverse 

in species which commonly possess relatively elaborate onamentation for this stratigraphic interval 

e. g. Belonechitina micracantha. Ile environment of deposition envisaged for this association of 

palynomorphs is outer shelf. The fine grained nature of the shale lithology supports the idea that 

deposition occurred in a relatively low energy environment. 

Ibe Ktaoua Formtion (see Tilia gmphs 8-10). 

The samples analysed from the Caradoc aged part of the Ktaoua Formation yielded particularly poorly 

preserved assemblages. Low diversity acanthornorphic acritarchs predominate and the chitinozoans, 

when preserved, are generally forms of modest or low ornamentation. Deposition of these sediments 

probably took place in a mid to outer shelf setting. 

The assemblages of Ashgill age from the Ktaoua Formation contain acritarch assemblages of moderate 

species diversity. The assemblage included in Association II possesses abundant acanthomorphic 

acritarchs with common leiofusids. Poorly preserved Ancyrochitina spp. are also recorded. No more 

than a mid to outer shelf depositional setting can be inferred from this association. 

7be assemblage included in Association 12, however, possesses forms indicative of outer shelf 
deposition. Evidence for this comes from the low diversity of acritarch species present which, although 
dominated by acanthomorphic forms, contain significant abundances of thick walled spheromorphs e. g. 
Lophosphaeridium? sp. 9. Further evidence comes from the abundant presence of the elaborate form 

Ancyrochifina sp. 1. Ile siltstone lithology of the sample from which this assemblage was extracted 
indicates low-moderate energy levels at the time of deposition. 
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The SHurian. 

All the sediments analysed from the Silurian in the present study are marine in origin. Palynomorph 

preservation is moderate to good relative to the assemblages analysed from the Ordovician. 

The Carbonaceous Shale Formation. (see Tilia sir-ap 111). 

17he palynomorph assemblages recorded from the Carbonaceous Shale Formation are accompanied by 

abundant amorphous sapropelic material. The assemblages themselves are largely dominated by thick 

walled spheromorphic acritamhs (e. g. Leiosphaeridia microcystis) and prasinophycean algae (e. g. 

Tasmanites medius). The acanthomorphic acritarch and the chitinozoan assemblages are generally 
impoverished in this formation. A probable anoxic, low energy, deep water abyssal environment of 
deposition can be inferred for these assemblages. This is consistent with the carbonaccous, very fine 

grained nature of the lithology of the samples. 

Within this formation, there are two stratigraphic levels at which the gross composition of the 

assemblages is somewhat different. At the Monograptus tu? 7iculatus-M. crispus Zone (early 

Telychian), the assemblage recovered from sample DW 246, acanthomorphs are dominant over the 

spheromorphs with a higher diversity of acritarchs recorded. This suggests a difference in the 

depositional regime at this level, probably related to increased nutrient supply associated with a more 

oxygenated water column as a result of higher energy conditions. 7bis may also be the case for the 

time interval at the Monograptus riccartonensis-Cynograptus rigidus Zonal boundary (mid 

Sheinwoodian, early Wenlock). The sample analysed from this level, DW 367, has an acritarch 

assemblage dominated by spheromorphic forms but also contains a flood of Angochitina sp. 1. Mie 

abundant occurrence of this relatively small but non the less elaborately ornamented form, in 

association with the spheromorphs, implies a depositional setting on the outer part of the shelf. 

it is interesting to note the coincidence in age of these basinal palynofacies with the postulated high 

stand situation prevailing during the Middle Silurian (Vail, Mitchum & Thompson 1977), fig. 21. 

Given the relatively stable tectonic situation in Northern Gondwana at this time, it would appear likely 

that such major fluctuations in the palynoflora are a reflection of eustatic as opposed to tectonic 

influences. 

From a palaeogeographic view-point, it is interesting to note the absence of the Deunffla and Domasia 

group of acritarchs in Morocco in early Silurian aged sediments. The records of this group in 

paiaeolatitude parallel Ilbya at this stratigraphic level (e. g. Hill & Molyneux 1988) suggests the 

control on their distribution to be more complex than suggested by the model of latitudinal control of 

microplankton first proposed by Cramer (1970). Further investigation of the palaeogeography of the 

Northern Gondwanan domain, a subject beyond the scope of this thesis due to time constraints, may 

well provide answers to these anomalies. 
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Figure 2 1. First and second order global cycles of relative change of sea level during Phanerozoic 

time, from Vail, Mitchurn & Thompson 1977. 
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The Arizillaceous Shale Formation. (see Tilia graphs II& 12). 

The assemblages recovered from samples from the Argillaceous Shale Formation are generally of 

moderate to high species diversity. Ile thick walled spheromorphs which dominated the underlying 
Carbonaceous Shale Formation are relatively insignificant in terms of abundance and the 

acanthomorphic forms are far more evident. The chitinozoan assemblages are also more diverse in their 

species composition with very elaborate forms evident e. g. Ancyrochitina spp. The miospores are rare 

constituting less than I% of the palynomorph sum in each assemblage. 

The palynomorph assemblages studied generally indicate a mid to outer shelf setting for the samples 

analysed from this formation, possibly more towards the outer shelf based on the rarity of spores. 7`he 

proportions of taxa groupings recorded from sample JW 224 (earliest Ludlow) would appear to indicate 

that a deeper basinal setting would be more appropriate for this assemblage which is largely composed 

of indeterminate spheromorphic acritarchs. Such an interpretation could be seriously questioned on the 

basis of the very poor preservation of this particular assemblage. 

Tle Orthoceras Limestone-Shale formation. (see Tilia graRh 12). 

Only one sample was analysed from this formation, DW 215.7be sparse palynoflora recovered is too 

poorly preserved to make any confident interpretations of the depositional environment based on the 

proportions of palynomorphs alone. However, the high proportion of acanthomorphic acritarchs 

recovered indicating a mid to outer shelf depositional setting is consistent with the environment 

indicated by the bio sparitic packstone limestone lithology. This lithology suggests a high energy, 

probably mid shelf depositional setting with negligible clastic input. 

The Calcareous Shale Formation. Black Shale Member. (see Tilia graph 13). 

The assemblages recovered from this formation are consistent in their gross composition. 
Acanthomorphic acritarchs are dominant (ca. 60 % of the acritarch sum) with spheromorphic forms 

present in significant numbers (ca. 40 % of the acritarch sum). The miospores are rare, consistently 

making up less than I% of the palynomorph sum and the chitinozoans are relatively modest in their 

gross morphology with ancyrochitinid forms rare in these assemblages. An outer shelf setting can be 
interpreted for the deposition of these sediments which is supported by the fine grained nature of the 
lithology indicating deposition under low energy conditions. 
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The Devonian. 

The Devonian aged samples analysed are all marine in origin. The preservation of the assemblages is 

good relative to those from the Ordovician and Silurian. 

ne Lmhaifid Formation. (see Tilia gmph 14). 

The two palynological associations defined from the Lmhaifid Formation each have characteristic gross 
palynological compositions. Association 24 has a relatively high proportion of spores in the 

assemblage (ca. 30 %) with acanthomorphic forms dominating the acritarch element. Simple flask 

shaped forms d9minate the chitinozoan assemblages. A mid to inner shelf position for the deposition of 
this association can be inferred from the acanthomorphic acritarchs, the flask shaped chitinozoans and 
the abundance of terrestrially derived miospores. A low energy environment of deposition can be 
inferred from the dark, micaceous shale lithology. 

Association 25, in contrast, has a relatively low proportion of spores in the assemblages making up 

approximately 4% of the palynomorph sum. Acanthomorphic acritarchs are very abundant and 
Ancyrochitinid chitinozoans are common. This combination of morphotypes implies a probable outer 

shelf setting of deposition for the assemblages of association 25 which, when compared with the 

depositional setting proposed for the assemblages of Association 24, indicates fluctuations in the 

depositional regime within the Lmhaifid Formation with time. 

Ile Assa Formation. (see Tilia graph 14). 

The assemblages analysed from the Assa formation are similar in gross composition to those from 
Association 24 within the Lmhaifid Formation. The miospores are prominent making up approximately 
45% of the palynomorph sum, with acanthomorphic forms dominating the acritarch component. The 

chitinozoan assemblages are primarily composed of flask shaped forms with ancyrochitinid forms rare. 
An inner shelf setting can be proposed for the deposition of this assemblage. The dark, micaceous 
shale lithologies indicate that low energy conditions prevailed. 
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The Mdaour el Kbir-N'Kheila Formations (see Tilia grapb 14), 

Ilie samples analysed from this interval yielded palynological assemblages of similar gross 

composition. 

The assemblages are dominated by acanthomorphic acritarchs with the terrestrially derived miospores 

comprising between 10-33 % of the palynomorph sum. Spheromorphic acritarchs; and prasinophytes are 
low in numbers. The chitinozoans, when recorded, are commonly elaborate forms of the genera 
Ancyrochitina and Angochitina. The depositional setting inferred from the relatively high proportion of 
miospores, the dominant acanthomorphic acritarchs and the elaborate chitinozoans is inner to mid shelf. 
7be dark, fine grained, largely micaceous shale lithologies indicate deposition under low energy 
conditions. 

The Anou Smaira Formation (see Tilia graph 14). 

The notable feature of the assemblage analysed from this formation is the high numbers (21 % of the 

palynomorph sum) of Prasinophycean algae recorded (e. g. Tasmanites spp. ). Miospores form 

approximately 14 % of the palynomorph sum and the acritarch component is once again dominated by 

the acanthomorphs (ca. 46 % of the palynomorph sum). The chitinazoans are represented by an almost 

monospecific assemblage of the flask shaped species Sphaerochitina pilosa. 

There appears to be contradictory elements within this assemblage when we try and apply the 

environmental model of Doming (1987). Ile abundant acanthomorphic acritarchs, the common 

miospores and the monospecific flask shaped chitinozoan assemblage all indicate an inner shelf 
depositional setting. Ile abundant tasmanitids would appear to contradict this idea, these forms 

commonly proliferating in deep water, low energy, anaerobic conditions. The dark, laminated, fine 

grained shales support the interpretation of probable deeper water sedimentation under low energy 
conditions. 

The Drag Formation (see Tilia grat)h 14). 

The two palynological associations described from the Dma Formation, Associations 29 and 30, 

possess abundant amthomorphic acritarchs with negligible spheromorphic forms suggesting deposition 

of the assemblages comprising these associations occurred on the continental shelf. Association 29, 
however, has a noticeably higher proportion of terrestrially derived miospores which make up 
approximately 9% of the palynomorph sum. In contrast, Association 30 has a negligible proportion of 
the assemblages composed of miospores. It can be inferred that the assemblages of Association 29 were 
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deposited in a more proximal setting, probably inner to mid shelf, while the assemblages comprising 
association 30 were deposited more distally, probably in the outer shelf region. 

The Ixfdar Formation (see Tilia Qravh 14). 

The assemblage analysed from this formation is dominated by acanthomorphic acritarchs with a 

significant abundance of miospores present (ca. 19 % of the palynomorph sum). A probable mid to 
inner shelf setting for the deposition of this assemblage can be inferred from this gross composition. 
The fine grained, laminated sWe lithology of the sample indicates that deposition took place under low 

energy conditions. 
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Chapter 9. Conclusions. 

Of the approximately 300 samples processed for palynology in the first year of the study, 118 were 

selected for further palynological investigation based on three criteria. Firstly, that they could be 

assigned to a lithostratigraphic formation on the evidence available from field notebooks, the Moroccan 

geological maps and the lithology; secondly, wether the samples had been dated by their macrofossil 

content and thirdly, wether the samples had yielded palynomorphs. Ile geographic and stratigraphic 
information for the 118 samples that was available prior to the onset of the palynological investigations 

is collated in Appendix 1. 

Palynological preparation of samples proved to be a problem from the onset of the study due to the high 

thermal maturity aqd the commonly indurated nature of the rocks. As stated in the aims and objectives 

of the study (chapter 2), it was intended to develop a preparation technique that would be applicable for 

industrial practice. Initial attempts to process large amounts of rock (> 75g) to enhance the abundance 

of palynomorphs recovered were found to be unsuccessful due to the indurated sediments requiring 

several weeks to break down in cold HF. Between 20-50g of rock were found to be the optimum 

quantity depending on the lithology of the sample. Intense oxidation of the majority of samples was 

necessary for meaningful palynological analysis. Extended oxidation times in normal Schulze's 

solution of the 'baked' and brittle palynomorphs; had adverse effects on their preservation resulting in 

complete fragmentation of the palynomorphs present. This problem was resolved by the use of a short 

sharp shock technique using fuming Schulze's solution as the oxidising agent. The time period 
involved in this technique is as little as 1-15 minutes which is also advantageous in terms of time saved 

compared to other techniques. 

Investigation of the suprageneric schemes in current use for the acritarchs; and the chitinozoa has 

revealed inherent problems in adopting purely morphological schemes for biological groups whose 

affinity is, as yet, unknown to us. The unknown relative biological significance of morphological 
features has brought about a plethora of schemes from authors stressing the importance of particular 

morphological features of the individuals concerned. It is concluded that the adoption of such arbitrary 

classification schemes at the suprageneric level can only lead to frustration for future workers wishing 

to locate taxa in a scheme when that scheme is no longer in vogue. Ile acritarchs and chitinozoa are 

consequently arranged in alphabetical order in the present study pending further biological information 

as to the relative significance of the respective morphological features of the taxa included in these 

groups- 

Ile taxonomy adopted at the generic and specific levels is based on observations using the light 

microscope. No SEM analysis are included in the study due to time constraints. Splitting of some of 
the rather broad 'bucket' species below the level of species has been attempted, e. g. Ditmallophasis 

denticulata. The introduction of varieties within these broad species was attempted to enhance their 
biostratigraphic value. This approach has been found to be successful in several cases revesling certain 
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morphological variants of broad species (e. g. Die-w1lophasis denticulata var. A, late Pridoli-early 

Gedinnian) apparently having restricted biostratigraphic ranges. 

Ile biostratigraphic analysis of the palynomorph assemblages recovered from the samples studied was 

the major objective of the project. Assemblages from a broad stratigraphic interval, Ordovician- 

Devonian, have been investigated which have been grouped into 33 defined palynological associations. 

Ile initial aim, to produce a complete palynological zonation for the Ordovician to Devonian interval, 

was found not to be possible due to the limited samples available for the project. However, the 

adoption of an association concept enables the recognition of a series of biostratigraphically useful 

palynological associations with the stratigrsphic gaps in the data acknowledged. Ile associations are 

defined on the basis of the presence and abundances of taxa recorded with the aid of cluster analysis of 

the assemblages geýerated by the computing package TIM. 

Within the Ordovician interval, 12 Associations are defined on the basis of the generally poorly 

preserved acritarch and chitinozoan assemblages. Dating of the associations is primarily by comparison 

with previous palynological studies from Northern Gondwana (e. g. Paris 1981, Elaouad-Debbaj 1984, 

1986 & 1988), however, dated shelly macrofossil assemblages recorded in some of the Arenig, the 

Llanvim and the Caradoc samples provide substantive evidence. 

Ile Silurian samples selected for the study are all biostratigraphically constrained by the graptolitic 

assemblages recorded from them. Ten palynological associations are defined from this interval and 

comparisons are made with palynological assemblages previously recorded in the literature, e. g. Paris 

1981, Hill & Molyneux 1988, Le Herrise 1989. 

The Devonian assemblages are generally well preserved and are composed of diverse acritarchs, 

prasinophytes, chitinozoans and spores. Eleven associations are defined through this interval, the ages 

of which are largely defined on the basis of comparison with the well established spore stratigraphy 

(e. g. Loboziac & Streel 1989, Richardson & McGregor 1986, Steemans 1989). Previous Lower and 

Upper Devonian microplankton records were also found to be useful for comparison, e. g. Deunff 1980, 

Playford 1977, Wicander 1983, Martin 1981 & 1984, as were the Lower to Middle Devonian 

chitinozoan studies of Paris (e. g. 1985,1988) and co workers. In addition to these microfossils, rich 

graptolite assemblages in some Lower Devonian samples provide independent evidence for their age. 

The palaeoenvironmental model of Doming (1987) has been applied to the palynological assemblages 

recorded. Taxa have been grouped into broad morphological categories and the trends in the relative 

abundances of these morphogroups have been illustrated and analysed using the 71lia package. A 

general interpretation of the environment of deposition from the palynological data, in conjunction with 

the lithological evidence, can be drawn (i. e. basinal, outer shelf, inner shelf, littoral). However, one 

must beware of interpreting poorly preserved assemblages, such as those recorded from the Ordovician 

in the present study, in which selective preservation of the palynomorph groups can be misleading. 
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The analyses revealed evidence for marine deposition in all of the formations studied from the 

Ordovician through Devonian and it appears that varying continental shelf settings of deposition 

prevailed for much of this interval. However, during the Llandovery and the Wenlock (Carbonacoous 

Shale Formation) there appears to be a notable change in the gross palynological composition with thick 

walled spheromorphic acritarchs totally dominating the low diversity assemblages. The high abundance 

of amorphous sapropelic kerogen and the fine shale lithologies corroborate the palynological evidence 

for deep basinal, low energy deposition through this stratigraphic interval. A similar trend is evident in 

the Frasnian (Anou Smaira Formation) with abundant tasnumitids suggesting a basinal depositional 

setting at this level. It is believed that such fluctuations in sea level in Morocco are largely eustatically 

controlled given the relatively stable tectonic situation prevailing through the Ordovician to Devonian 

interval. 
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Chapter 10. Further work. 

The broad nature of the study undertaken has revealed much scope for future palynological work in the 
Anti Atlas region and in the North African-Middle Eastern realm. 

With regard to palynological techniques, despite the success of the processing procedure adopted here, I 

feel there is much potential for processing of problematic Palaeozoic samples using the microwave 
technology currently undergoing research at Sheffield University. This rapid breakdown and oxidation 

method would appear to have considerable advantages for indurated and thermally mature samples 

which are common from the Palaeozoic and should enhance palynological recovery. 

17here are many taxa recorded in the present study that remain in open nomenclature primarily due to 

the need for fiwther detailed investigation of the taxa before I consider them to be worth formalising in 

the literature. The fiwther investigation prior to formalisation of these taxa will involve biometrical 

analysis and, in some instances, particularly with the chitinozoans, SEM analysis. 

Within the Ordovician of the Anti Atlas, detailed sampling of outcrop sections additional to those 

studied by Elaouad-Debbaj (1984,1986,1988) would fill gaps in the existing data. Emphasis should 
be placed on sampling of the oolitic ironstone deposits reported to be widely extensive over Northern 

Gondwana through the Ordovician system (Young 1989, pers. comm. 1992; Paris pers. comm. 1992). 

Investigation of the age and extent of such deposits would enhance our understanding of the genetic 

relationship of the Ordovician sequences in this realm. It would also give insight into the eustatic 
fluctuations in sea level for this period given that the region was relatively tectonically stable at that 

time. 

A study of samples collected across the Ordovician-Silurian boundary in North Africa would be 
informative as to the apparent climatic effects on the microplankton due to the well documented 

glaciation that occurred during that time. The considerable data base that has now accumulated on the 

effects on the microplankton across the Quaternary glaciations (e. g. Harland 1983, Dale 1976, Wall et 
aL 1976) would make for interesting comparison. 

As with the Ordovician, there are several gaps in the data from the Silurian interval in the Anti Atlas 

that need to be addressed. 7be prolific graptolite assemblages present in sediments of this age provide 
considerable incentive for further biostratigraphical work on the apparently near complete Silurian 

succession. Ile graptolite assemblages themselves are largely unpublished from the Anti Atlas 
(Destombes, Hollard & Willefert 1985) and several new lineages are apparent from the assemblages 
incorporated into the present study that were analysed by Dr. R. B. Rickards (pers. comm. 199 1). 

Previous biostratigraphic palynological investigations of the Devonian strata of Northern Gondwana 
have their age interpretations based on comparisons with other palynologica investigations which 
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equally lack independent age data from other biostratigraphically useful groups. Goniatite dated 

sections are present in the Anti Atlas in carbonate facies (G. Wade pers. comm. 1990) which, to date, 
have been avoided by palynologists due to the relatively low yields of palynomorphs per gram from 

such sediments. Palynological information from such independently dated sections would be invaluable 

to resolve some of the conjecture involved in the dating of Devonian sections in Northern Gondwana. 

278 



References 

Achab, A. 1977a. Les Chitinozoaires de I& zone a Dicellograptus complanatus, Formation de Vaureal, 

Ordovicien superieur, lie d' Anticosti, Quebec. Can. J. Earth, Sci., v. 14, p. 413 -425. 

Achab, A. 1977b. Les Chitinozoaires de la zone a Climacograptus prominens-elongxus, de ]a 

Formation de Vaureal, Ordovicien superieur, Ile d' Anticosti, Quebec. Can. J. Earth Sci., v. 14, 

p. 2193-2212. 

Achab, A., 1980. Chitinozoaires de I'Arenig inferieur de la Formation de Levis, Quebec, Canada. Rev. 

Palaeobot. Palynol., v. 31, p. 219-239. 

Achab, A. 1989. Ordovician chitnozoan zonation of Quebec and western Newfoundland. J. Paleont. 

v. 63, p. 14-24. 

Achab, A. 1984. Chitinozoaires de l'Ordovicien moyen de subsurface de Ile Anticosti. Rev. 

Palaeobot. Palynol., v. 43, p. 123-143. 

Achab, A. 1989. Ordovician chitinozoan zonation of Quebec and western New Foundland. J. 

Palaeont., v. 63, p. 14-24. 

Al-Ameri, T. K. 1986. Observations on the wall structure and the excystment mechanism of acritarchs. 
Joumal of Micropakeontology, v. 5, no. 2, p. 27-35. 

Aldridge R. J., Doming, K. J. & Siveter, D. J. 1981. Distribution of microfossil groups across the 

Wenlock shelf of the Welsh Basin. In: Neale, J. W. & Braisier, M. D. eds. Microfossils of recent and 
fossil shelf seas, p. 18-30. 

Allen, K. C. 1965. Lower and Middle Devonian spores of North and Central Vestspitsbergen. 

Palaeontology, v. 8, no. 4, p. 687-748. 

Benoit, A. & Taugourdeau, P. 1961. Surquelques Chitinozoaires de I'Ordovicien du Saham. Rev. 

Inst. Fr. Petrole, v. 16, p. 1403-14 . 

Bloeser, B., Schopf, J. W., Horodysky, J. R. & Breed, W. J. 1977. Chitnoizoans from the Late 

Precambrian Chuar Group of the Grand Canyon, Arizona. Science, v. 195, p. 676-679. 

Bockelie, T. G. 1978. Comments on Chitinozoan Classification. Norsk. Geol. Tidsskr., v. 58, p. 301- 

304. 

279 



Bockelie, T. G. 1980. Early Ordovician Chitinozoa, from Spitýýrgen. Palynology v. 4, p. I- 

14. 

Bockelie, T. G. and Kjellstrom, G. 1979. Middle Ordovician acritarchs from the island of 
Odinsholm, Estonia. Geologiska Foreningens i Stockholm Forhandlingar, V. 101, p. 205-216. 

Bondon, J. & Neltner, L. 1933. Sur la serie cambrienne des plataux du Draa (Sud Marocain) 

et la presence du Gorgien dans cette serie. C. R. Acad. Sci. Paris, v. 197, p. 170. 

Bondon, J., Cladiond, L& Neltner, L. 1933. Une nouvelle coupe du Djebel Sarro, (Maroc 

Saharien). C. R. Acad. Sci. Paris, v. 198, p. 590. 

Boumenjel, K., Loboziae, S., Pads, F., Steemäns, P. & Streel, M. 1988. Biostratigraphie des 

miospores et des chitinozoaires du Silurien superieur et du Devonien daas le bassin d'Illizi (S. E. 

du Sahara Algerien). Geobios, no. 21, p. 329-357. 

Bourcart, J. 1927. Decouvert du Cambrian a Archaeocyathus dans I'Anti Atlas morocain. C. 

R. somm. Soc. geol. Fr., V. 1, p. 10- 

Brito, I. M. 1965. Novos microfosseis Devonianos do Maranhao. Universidade da Bahia, 

Escola de Geologia, v. 2, p. 1-4. 

Brito, I. M. 1967a. Silurian and Devonian Acritarcha from Maranhao Basin, Brazil. 

Micropaleontology, v. 13, no. 4, p. 473-482. 

Brito, I. M. 1967b. Contribuicao so conhocimento dos microfosseis Devonianos de 

Pemambuco. Il. Acritarcha. Pteromorphitae. Anais da Academia brasileira de Ciencias, v. 39, 

no. 2, p. 285-287. 

Brito, I. M. 1967d. Novo subgrupo de Acritarcha do Devoniano, do Maranhao. Anais da 

Academia brasileira de Ciencias, v. 39, no. 1, p. 163-166. 

280 



Brito, I. M. and Padilha de Quadros, L. 1994. Novas ocorrencias de Acritarchae no Devoniano 

da Bacia do Pamaiba. Universidade de Sao Paulo, Instituto de Geociencias, Boletim, v. 15, 

p. 15-19. Brito, I. M. and Santos, A. S. 1965a. Contribuicao ao conhecimento dog microfomis 
Silurianos y Devonianos; da Bacia do Maranhao. Divisao de Geologia e Mineralogia, Rio de 

Janeiro, XDC Congresso Brasileiro de Geologia, no. 40, p. 57. 

Brito, I. M. and Santos, A. S. 1965b. Contribuicao ao conhecimento dos microfosseis Silurianos 

e Devonianos da Bacia do Maranhao. Departamento Nacional da Producao Mineral, Divisao de 

Geologia e Mineralogia, Notas Preliminares e Estudos (Rio de Janeiro, Brasil), no. 129, p. 1-2 1. 

Burmann, G. 1968. Diacrodien aus dem unteren Ordovizium. Paleontologische Abhandlungen, 

Abt. B, v. 2, no. 4, p. 635-652. 

Burmann, G. 1970. Weitere organische Mikrofossilien aus dem unteren Ordovizium. 

Paleontologische Abhandlungen, Abt. B, v. 3, no. 3-4, p. 289-332. 

Burmann, G. 1972. Problematika aus der Lausitzer Grauwacken formation. Jahrbuch fur 

Geologie, v. 4, p. 387-423. 

Burmann, G. 1973. Das Ordovizium der nordlichen Phyllitzone. Teil I. Paschlebener 

Vorsprung. ZeitschriftfurGeologischeWissenschaften, v. 1, no. 7. p. 757-787. 

Burmann, G. 1976. Sporen und Phytoplankton aus den Devon/Karbon-Grenzschichten des 

Harzes (lepidophytus- Zone). Zeitschrift für Geologische Wissenschaften, v. 4, no. 6, p. 805- 

835. 

Byvsheva, T. V., Higgs, K. and Streel, M. 1984. Spore correlations between the Rhenish Slate 

Mountains and the Russian platform near the Devonian-Carboniferous boundary. In: E. Paoroth 

and M. Streel (eds. ), The Devonian- Carboniferous Boundary. Courier Forschungsinstitut 

Senckenberg, v. 67, p. 3745. 

Calandra, F. 1964. Sur un presume dinoflagelle Arpylorus nov. Sen. du Gothlandien do 

Tunisie. Comptes rendus de I'Acadamie des sciences, Paris, v. 258, p. 4112-4114. 

Cashman, P. B. 1990.7be affinity of the chitinozoans: New evidence. Modem Geology, 

v. 15, p. 59-69. 

Cashman, P. B. 1991. Lower Devonian chitinozoan juveniles - oldest fossil evidence of a 
Juvenile stage in protists, with an interpretation of their ontogeny and relationship to the 

allogromfid foraminifera. Journal of Forameniferal. Research, v. 21, p-269-281. 

281 



Chlupac, I., Lukes, P., Paris, F. and Schonlaub, H. P., 1985. The Lochkovian-Pragian 

boundary in the Lower Devonian of the Barrandian area, Czechoslovakia. Jahrb. Cool. B. A. 

v. 128, p. 9-42. 

Clioubert, G. 1963. Histoire geologique du Precambrien de I'Anti Atlas. Tome 1. Notes & M. 

serv. gool Maroc, v. 162. 

Choubert, G., Hindermeyer, J. & Hupe, P. 1955. Decouverte du Tremadoc dans I'And Atlas 

(Maroc). C. R. Acad. Sci. Paris, v. 24 1, p. 1592. 

Cocks, L. R. & R. A. Fortey 1988. Lower Palaeozoic facies and faunas around Gondwana. In 

M. G. Audley-Charles & A. Hallam (eds). Gondwana and Tethys. Geological Soc. London 

Special Publ. 37, p. 183-200. 

Colbath, G. K. 1979. Organic-walled microphytoplankton from the Eden Shale (Upper 

Ordovician), Indiana, U. S. A. Palaeontographica, Abt. B, v. 171, no. 1-3, p. 1-38. 

Colbath, G. K. 1981. Synonymy of Edenian (Late Ordovician) organic-walled 

microphytoplankton taxa. Journal of Paleontology, v. 55, no. 1, p. 273-274. 

Colbath, G. K. 1983. Fossil prasinophycean phycomata (Chlorophyta) from the Silurian 

Bainbridge Formation, Missouri, U. S. A. Phycologia, v. 22, no. 3, p. 249-265. 

Colbath, G. K. 1986. The Lower Paleozoic organic-walled phytoplankton (acritarch) genus 
Frankea Burmann 1970. Micropaleontology, v. 32, no. 1, p. 72-73. 

Colbath, G. K. 1987. Orygmahapsis, a new genus of prasinophyte phycoma from the Siluro- 

Devonian. Neues Jahrbuch fur Geologie und Paleontologie, Monatshefte, v. 42, p. 65-68. 

Collinson, C. & Schwalb H. 1955. North American Palaeozoic Chitinozoa. Illinois State Geol. 

Surv., v. 186, p. 1-33. 

Collinson, C& Scott, A. J. 1958. Chitinozoan Faunule of the Devonian Cedar Valley 

Formation. Illinois State Gool. Surv., v. 247 : p. 1-34. 

Combaz, A. 1962. Sur un nouveau type de microplanctonte cenobial fossile du Gothlandien de 

Libye, Deflandrastrwn nov. gen. Comptes rendus des seances de I'Academie des sciences, 

v. 255, p. 1977-1979. 

282 



Combaz, A. 1967a. Un microbios du Tremadocien daas un sondage d'Hassi-Messaoud. Actes 

de la Societe Linneenne de Bordeaux, v. 104, no. 29, p. 1-26. 

Combaz, A. 1967b. Leiosphaeridaceae Eisenack, 1954, et Protoleiosphaeridae Timofeev, 1959 

- leurs affinites, leur role sedimentologique et geologique. Review of Palawbotany and 

Palynology, v. 1, p. 309-321. 

Combaz, A. 1967c. Sur un microbios d'age Tremadocien Hassi-Messaoud. Actes de la 

Societe Linneenne de Bordeaux, vol. special, Congres de I'Association franeaise pour 
I'avancement des sciences (A. F. A. S. ), 1967, p. 115-119. 

Combaz, A. 1972. - Stratigraphie des Chitinozoaires. Mem. Bur. Rech. Geol. Min., v. 77, 

p. 311-316. 

Combaz, A. and Peniguel, G. 1972. Etude palynostratigraphique do I'Ordovicien dans quelques 

sondages du Bassin de Canning (Australia Occidentale). Societe nationale des petroles 

d'Aquitaine, Centre de recherche de Pau, Bulletin, v. 6, no. 1, p. 121-167. 

Combaz, A. & Poumot, C. 1962 - Observations sur la structure des Chitinozoaires. Rev. 

Micropal., v. 5, p. 147-160. 

Combaz, A. and Streel, M. 1970. Microfossiles vegetaux du Tournaisien inferieur dans le core- 

drill de Brevillers (Pas-de- Calais, France). Colloque sur I& Stratigraphie du Carbonifere, 

Liege, Les Congres et Colloques de lUniversite de Liege, v. 55, p. 227-240. 

Combaz, A., Lange, F. W. and Pansart, J. 1967. Les Leiofusidae Eisenack, 1938. Review of 

Palaeobotany and Palynology, V. 1, p. 291-307. 

Combaz, A., Calandra, F., Jansonius, J., Millepied, P., Poumot, C. & van Oyen F. H. 1967. 

Microfossiles organiques du Pale-ozoic. 2. Les Chitinozoairs. Morphographie. Centre Nation. 

Roch. Sci., Paris. 

Cookson, I. C. & Eisenack, A. 1960. Microplankton from Australian Cretaceous sediments. 
Micropalaeontology, v. 6, p. 1-18. 

Cookson, I. C. & Eisenack, A. 1962. Some Cretaceous and Tertiary microfossils from Western 

Australia. Proc. Roy. Soc. Victoria, v. 75, p. 269-273. 

Cooper, A. H. & Molyneux, S. G. 1989. The age and correlation of Skiddaw Group (early 

Ordovician) sediments in the Cross Fell inlier (northern England). Geol. Mag., v. 147-157. 

283 



Coquel, R. 1980. Les Spores in La Trachee de I& Lezais, Emsien Superieur du Massif 

Annoricain (France). Sedimentologie, Paleontologie, Stratigraphie. Mem. Soc. Geol. Mineral. 

Bretape, v. 24, p. 43-54. 

Coquel, R. and Moreau-Benoit, A. 1986. Les spores des series Struniennes et Tournaisiennes 

de Libye Occidentale (Strunian and Tournaisian spores of western Libya). Revue do 

micropaleontologie, v. 29, no. 1, p. 17-43. 

Cramer, F. H. 1963. Nota provisional sobre la presencia de microplankton y esporomorfas en 

las rocas sedimentarias del Devonico Inferior en las Montaeas Cant bricas. Estudios geologicos, 

19, p. 215-218. 

Cramer, F. H. 1964a. Some acritarchs from the San Pedro Formation (Gedinnien) of the 

Cantabric Mountains in Spain. Bulletin de la Societe belge de geologie, de paleontologie et 

d'hydrologie, v. 73, no. I. p. 33-38. 

Cramer, F. H. 1964b. Microplankton from three Palaeozoic formations in the Province of Leon, 

NW Spain. Leidse Geologische Mededelingen, v. 30, p. 253-361. 

Cramer, F. H. 1966a. Palynology of Silurian and Devonian rocks in northwest Spain. Instituto 

Geologico y Minero de Espaea, Boletin, v. 77, p. 225-286. 

Cramer, F. H. 1966b. Hoegispheres and other microfossils incertae sedis of the San Pedro 

Formation (Siluro-Devonian boundary) near Valporquero, Leon, NW Spain. Instituto 

Geologico y Minero de Espaea, notas y comunicaciones no. 86, p. 75-94. 

Cramer, F. H. 1966c. Additional morphographic information on some characteristic acritarchs 

of the San Pedro and Furada formations (Silurian-Devonian boundary) in Leon and Asturias, 

Spain. Instituto Geologico y Minero de Espana, notas y comunicaciones no. 83, p. 2748. 

Cramer, F. H. 1966d. Palynomorpbs from the Siluro-Devonian boundary in NW Spain. 

Instituto Geologico y Minero de Espana, notas y comunicaciones no. 85, p. 71-82. 

Cramer, F. H. 1967a. Chitinozoans of a Composite Section of Upper Llandoverian to Basal 

Gedinnian sediments in Northern Leon, Spain. A preliminary Report. Bull. Soc. BeIg. Geol., 

v. 75, p. 69-129. 

Cramer, F. H. 1967b. - An Evaluation of the Chitinozoan Genus Clathrochitina. Not. 

Commun. Inst. Geol. Miner. Espana, v. 94, p. 45-52. 

284 



Cramer, F. H. 1967c. - Palynology of Silurian and Devonian Rocks in Northwestern Spain. 
Bol. Inst. Geol. Miner. Espana, p. 77, p. 225-296. 

Cramer, F. H. 1969a. Palynologic microfossils of the Middle Silurian Maplewood Shale in New 

York. Revue de micropaleoutologie, v. 11, no. 2, p. 61-70. 

Cnuner, F. H. 1969b. Considerations paleogeographiques e propos d'une association de 

microplanctontes de I& serie gothlandienne de Birmingham (Alabama, U. S. A. ). Bulletin de la 

Societe geologique de France, 7e ser., no. 10, p. 126-13 1. 

Cramer, F. H. 1969a. Geron, an acritarch genug from the Silurian. Bulletin de la Societe beige 

de geologic, de paleontologic et d'hydrologie, v. 77, no. 2, p. 217-225. 

Cramer, F. H. 1969b. Possible implications for Silurian paleogeography from phytoplancton 

assemblages of the Rose IUII and Tuscarora formations of Pennsylvania. Journal of 
Paleontology, v. 43, no. 2, p. 485491. 

Cramer, F. H. 1969c. Consideraciones sobre la palinologia y las paleolatitudes siluricas a 

proposito del microplancton silurico de las Montaeas Cant bricas del Noroeste de Espana. 

Comunicacoes dos Servicos geologicos de Portugal, v. 53, p. 67-94. 

Cramer, F. H. 1970. Distribution of selected Silurian acritarchs. An account of the 

palynostratigraphy and paleogeography of selected Silurian acritarch taxa. Revista eqmola de 

micropaloontologia, numero extraordinario, p. 1-203. 

Cramer, F. H. 1971. Implications from Middle Paloozoic palynofacies transgressions for the 

rate of crustal movement, especially during the Wenlocidan. Anais da Academia brasileira do 

ciencias, v. 43, p. 51-66. 

Cramer, F. H. 1971. A Palynostratigraphic Model for Atlantic Pangea during Silurian Time. 
Mem. Bur. Rech. Geol. Min (B. R. G. M), v. 73, p. 229-233. 

Cramer, F. H. 1973. Middle and Upper Chitinozoan Succession in Florida Sub-surface. J. 
Paleont., v. 47, p. 279-288. 

Cramer, F. H. and Diez, M. del C. R. 1968. Consideraciones taxonomicas sobre lag scritaivAs 
del Silurico Medio y Superior del Norte de Espaea. Instituto Geologico y Minero de Espana, 
Boletin, v. 79, no. 6, p. 541-574. 

285 



Cramer, F. H& Diez, M. del C. R. 1970. Rejuvenation of Silurian Chitinozoans from Florida. 

Rev. Espan. Micropal., v. 2, p. 45-54. 

Cramer, F. H& Diez, M. del C. R. 1970. Acritarchs from the Lower Silurian Neahga 

Formation, Niagara PeninsWa, North America. Canadian Journal of Earth Sciences, v. 7, no. 4, 

p. 1077-1085. 

Cramer, F. H &. Diez, M. del C. R. 1972a. Acritarchs from the upper Middle Cambrian Oville 

Formation of Leon, northwestern Spain. Revista espanola de micropaleontologia, numero 

extraordinario XXX Aniversario E. N. Adaro, p. 39-50. 

Cramer, F. H& Diez, M. del C. R. 1972b. North American Silurian palynofacies and their 

spatial arrangement. Acritarchs. Palaeontographica, Abt. B, v. 138, no. 5-6, p. 107-180. 

Cramer, F. H& Diez, M. del C. R. 1976a. Acritarchs from the La Vid Shales (Emsian to lower 

Couvinian) at Colle, Leon, Spain. Palaeontographica, Abt. B, v. 158, no. 1-4, p. 72-103. 

Cramer, F. H& Diez, M. del C. R. 1976b. Seven new Late Arenigian species of the acritarch 

genus Coryphidium Vavrdov , 1972. Palaeontologische Zeitschrift, v. 50, no. 3-4, p. 201-208. 

Cramer, F. H& Diez, M. del C. R. 1977a. Late Arenigian (Ordovician) acritarchs from Cis- 

Saharan, Morocco. Micropaleontology, v. 23, no. 3, p. 339-360. 

Cramer, F. H& Diez, M. del C. R. 1977b. OWa, genero nuevo de Acritarcos del Gediniense 

de Arabia Saudita. Revistaespanolademicropaleontologia, v. 9, no. l, p. 85-88. 

Cramer, F. H& Diez, M. del C. R. 1978. Iberian Chitinozoans 1. Introduction and Summary 

of Pre-Devonian data. Palinologia, Num. ext. p. 149-20 1. 

Cramer, F. H& Diez, M. del C. R. 1979. Lower Paleozoic scritarchs (Acritarcos del 

Paleozoico Inferior). Instituto de investigaciones palinologicas, Apartado 244, Leon, Espana, 

p. 17-160. 

Cramer, F. H., Diez, M. del C. R. and Cuerda, A. I. 1974. Late Silurian chitinozoans and 

acritarchs from Cochabamba, Bolivia. Neues Jahrbuch fer Geologie und Paleontologie, 

Monatshefte, no. 1, p. 1-12. 

Cramer, F. H., Allam, R., Kanes, W. H. and Diez, M. del C. R. 1974. Upper Arenigian to 
Lower Llanvirnian acritarchs from the subsurface of the Tadja Basin in Morocco. 

Palaeontographica, Abt. B, v. 145, no. 5-6, p. 182-190. 

286 



Cramer, F. H., Kanes, W. H., Diez, M. del C. R. and Christopher, R. A. 1974. Early 
Ordovician acritarchs from the Tadla Basin of Morocco. Palaeontographica, Abt. B, v. 146, 

no. 3-6, p. 57-64. 

Da. Costa, N. M. 1967. Quitinozoarios Silurianose Devonianos da Bacia Amazonica e Sua 

Coffelatc. ao Estratigrafica. Geocieencias, v. 1, p. 87-119. 

Da Costa, N. M 1971. Quitinozoarios Brasileiros e Sua Importancia Estratigrafica. An. Acad. 

Brasil. Cienc., v. 43 , p. 209-272. 

Daemon, R. F., Quadros, L. P. and Da Silva, L. C. 1967. Devonian PalYnology and 
Biosratigraphy of the Parana Basin. In: IJ Bigarella (Edtor), Problems in Brazilian Devonian 

Geology. Rol. Parana, Gooscience., v. 21/22, p. 99-132. 

Dale, B. 1976. Cyst Formation, sedimentation, and preservation: factors affecting 
dinoflagellate assemblages in Recent sediments from Trondsheims6ord, Norway. Rev. Pal. Pal. 

v. 22, p. 39-60. 

Davey, R. J. and Williams, G. L. 1966a. The genera Hystrichosphaera and Achomosphaera. In: 

R. J. Davey, C. Downie, W. A. S. Satjeant and G. L. Williams, Studies on Mesozoic and 
Cainozoic dinoflagellate cysts. Bulletin of the British Museum (Natural History), Geology, 

Supplement 3, p. 28-52. 

Davey, R. J. and Willisarns, G. L. 1966b. The genus Hysuichosphaeridium and its allies. In: 

R. J. Davey, C. Downie, W. A. S. Sadeant and G. L. Williams (eds. ), Studies on Mesozoic and 
Cainozoic dinoflagellate cysts. Bulletin of the British Museum (Natural History), Geology, 

Supplement 3, p. 53-106. 

Davey, R. J., Downie, C., Sadeant, W. A. S. and Williams, G. L. 1966. Fossil dinoflagellate 

cysts attributed to Baltisphaeridium. In: R. J. Davey, C. Downie, W. A. S. Saýeant and G. L. 
Williams, Studies on Mesozoic and Cainozoic dinoflagellate cysts. Bulletin of the British 
Museum (Natund History) Geology, Supplement 3, p. 157-175. 

Davey, R. J., Downie, C., Sadeant, W. A. S. and Williams, G. L. 1969. Generic re-allocations. 
In: R. J. Davey, C. Downie, W. A. S. Sadeant and G. L. Williams, Appendix to Studies on 
Mesozoic and Cainozoic dinoflagellate cysts. Bulletin of the British Museum (Natural History) 

Geology, Appendix to Supplement 3, p. 1-24. 

287 



Dean, W. T. and Martin, F. 1978. Lower Ordovician scritarchs and trilobites from Bell Island, 

eastern Newfoundland. Geological Survey of Canada, Bulletin 284, p. 1-35. 

Dean, W. T. and Martin, F. 1982. The sequence of trilobite faunas and acritarch microfloras at 

the Cambrian-Ordovician boundary, Wilcox Pass, Alberta, Canada. In: M. G. Bassett and W. T. 

Dean (eds. ), The Cambrian-Ordovician Boundary. Sections, Fossil Distributions, and 
Correlations. Geological Series (National Museum of Wales), no. 3, p. 131-140. 

Debbaj, Z. 1979. Acritarches de I'Ordovicien Superieur du synclinal de Bucaco (Portugal). 

Systematique, Biostratigraphie, Interet Paleogeographique. These Universite de Rennes, p. 1- 

I 10. Rennes. 

Deflandre, G. 1934. Sur les microfossiles d'origine planctonique, conserves e 1'etat de matiere 

organique dans les silex de la craie. Comptes rendus des seances de I'Acadernie des sciences, 
199, p. 966-968. 

Deflandre, G. 1935. Considerations biologiques sur les microorganismes d'origine 

planctonique conserves dans les silex de I& craie. Bulletin biologique de I& France et de )a 

Belgique, v. 69, p. 213-244. 

Deflandre, G. 1936a. Microfossiles des silex creutm. Premiere partie. Generalites. Flagelles. 

Annales de paleontologie, v. 25, p. 151.191. 

Deflandre, G. 1936b. Les flagelles fossiles. Apereu biologique et paleontologique. Role 

Geologique. Actualites scientifiques et industrielles, no. 335, p. 1-97. 

Deflandre, G. 1937b. Microfossiles des silex creWes. Deuxieme partie. Flagelles incertae 

sedis. Hystrichosphaerides. Sarcodines. Organismes divers. Annales de paleontologie, v. 26, 

p. 51-103. 

Deflandre, G. 193 8. Microplankton des mers jurassiques conserve dans les mames de Villers- 

sur-Mer (Calvados). etude liminaire et considerations generales. Travaux de, la Station 

zoologique de Wimereuz, v. 13, p. 147-200. 

Deflandre, G. 1941. Le microplancton Idmeridgien. d'Orbagnoux et Vorigine des huiles 

suMrees naturelles. Academie des sciences (France), Memoires v. 65, no. 5, p. 1-32. 

Deflandre, G. 1942. Sur les Hystrichospheres des calcaires siluriens de I& Montagne Noire. 
Comptes rendus des seances de I'Academie des sciences, v. 215, no. 20, p. 475-476. 

288 



Deflandre, G. 1944. Microfossiles des Calcaires Siluriens de I& Montape Noire. Ann. 

Paleont., v. 31, p. 41-75. 

Deflandre, G. 1943. Sur quelques nouveaux Dinoflagelles des silex cretam. Bulletin de la 

Societe geologique de France, Se ser., v. 13, p. 499-509. 

Deflandre, G. 1945a. Microfossiles des calcaires siluriens de, la Montagne Noire. Annales do 

paleontologie, v. 3 1, p. 41-75. 

Deflandre, G. 1945b. Fichier micropaleontologique - serie S. Dinoflagelles 11. Gymnodiniales 

et dinoflagelles incertae sedis. Flagelles incertae sedis. Archives originales, Centre do 

documentation; Centre national do la recherche scientifique, France, no. 207, p. I-XII, p. 752- 

859. 

Deflandre, G. 1946a. Fichier micropaleontologique - serie 6. Hystrichosphaerides Il. Especes 

du Secondaire et du Tertiaire. Archives originales, Centre de documentation; Centre national de 

la recherche scientifique, France, no. 235, p. 1-V, p. 860-1019. 

Deflandre, G. 1946b. Radiolaires et Hystrichosphaerides du Carbonifere de la Montagne Noire. 

Comptes rendus des seances de I'Academie des sciences, v. 223, no. 13, p. 515-516. 

Deflandre, G. 1946c. Fichier micropaleontologique - serie 8. Hystrichosphaerides Ill. Especes 

du Primaire. Archives originales, Centre de documentation; Centre national de I& recherche 

scientifique, FnLnee, no-257, I-V, p. 1096-1185. 

Deflandre, G. 1947a. Le probleme des Hystiichospherea. Bulletin de l'Institut 

oceanographique (Monaco), no. 918, p. 1-23. 

Deflandre, G. 1947b. Sur quelques microorganismes planctoniques des silex Jurassiques. 

Bulletin de I'Institut oceanographique (Monaco), no. 921, p. 1-12. 

Deflandre, G. 1954. SYstematique des Hystrichosphaerides. Sur Facception du genre 

Cymatiosphaera O. Wetzel. Compte rendu sommaire et bulletin de la Societe geologique de 

France, v. 4, no. 9-10, p. 257-258. 

Deflandre, G. 1966. Addendum e mon Memoire. Microfossiles des silex cretaces. Cahiers de 

micropaleontologie, ser. 1, no. 2 (Archives originales, Centre de documentation, Centre national 
de la recherche scientifique, no. 419), p. 1-9. 

289 



Deflandre, 0.1967. Sur I& conservation de vestiges pyritises do Deflandrastrum 

(Chlorophycees) et sur une curieuse forme nouvelle du Siluro-Devonien d'Afrique du Nord. 

Comptes rendus des seances de I'Academie des sciences, ser. D, v. 265, p. 1776-1779. 

Deflandre, 0.1968. Sur Vexistence, dans le Precambrien, d'acritarches du type 
Acanthomorphitae, Eomicrhystridium nov. gen. Typification du genre Palaeoc? ypildium Defl. 
1955. Comptes rendus des seances de I'Academie des sciences, ser. D, v. 266, p. 2385-2389. 

Deflandre, G. & Cookson, I. C. 1955. Fossil microplankton from Australian We Mesozoic and 
Tertiary sediments. Australian Journal of Marine and Freshwater Research, v. 6, p. 242-313. 

Deflandre, G. and Courteville, H. 1939. Note preliminaire sur les microfossiles des silex 
cretaces du Cambresis. Bulletin de la Societe francaise de microscopie, v. 8, p. 95-106. 

Deflandre, G. and Deflandre-Rigaud, M. 1958. Fichier micropaleontologique - serie 10. 
Hystrichosphaerides IV et genres incertae sedis. Especes du Secondaire et Tertiaire (Supplement 
1). Archives originales, Centre de documentation; Centre national de I& recherche scientifique 
(France), no. 366, p. I-XX, p. 1294-1750. 

Deflandre, G. and Deflandre-Rigaud, M. 1962. Nomenclature et systematique des 
Hystrichospheres (sens. lat. ), observations et rectifications. Revue de micropaleontologie, v. 4, 

no. 4, p. 190-196. 

Degardin J. M. & Paris, F. 1978. Presence de Chitinozoaires Dans Las Calcaires Siluro- 

Devoniens de la Sierrra Negra (Pyrenees Centrales Espagnoles). Geobios, v. 11, p. 769-777. 

Destombes, J. and Willefert, S., 1988. The Ordovician-Silurian boundary in Morocco. Bull. 

Br. Mus. Nat. Hist. (Geol. ), v. 43, p. 165-170. 

Destombes, J., Hollard H. and Willefert, S., 1959. 

Destombes, J., Hollard H. and Willefert, S., 1985. Lower Palaeozoic rocks of Morocco. in: 
C. Holland (Editor), Lower Palaeozoic of North-western and West Central Africa. Wiley, 
Chichester, pp 91-336. 

Deunff, J. 1951. Sur la presence de microorganismes (Hystrichospheres) dans les schistes 
ordoviciens du Finistere. Comptes rendus des seances de IAcademic des sciences, v. 233, no. 4, 
p. 321-323. 

290 



Deunff, J. 1954a. Sur un microplancton du Devonien du Canada recelant des types nouveaux 

d'Hystrichosphaerides. Comptes rendus des seances de I'Academie des sciences, v. 239, no. 17, 

p. 1064-1066. 

Deunff, J. 1954b. Microorganisms planctoniques (Hystrichospheres) dans le Devonien du 

Massif armoricain. Compte rendu sommaire de I& Societe geologique de France, ser. 6, v. 4, 

p. 239-242. 

Deunff, J. 1954c. Veryhachium, genre nouveau d'Hystrichospheres du Primaire. Compto rendu 

som ire des seances de la Societe geologique de France, no. 13, p. 305-306. 

Deunff, J. 1955a. Un microplancton fossile Devonien e Hystrichospheres du Continent Nord- 

Americain. BuUetin de microscopie appliquee, ser. 2, v. 5, nos. 11-12, p. 138-149. 

Deunff, J. 1955b. Aremoricanim, genre nouveau d'Hystrichospheres du Silurien breton. 

Compte rendu sommaire et bulletin de I& Societe geologique de France, v. 5, no. 9, p. 227-229. 

Deunff, J. 1957. Microorganisms nouveaux (Hystrichospheres) du Devonien do I'Amerique du 

Nord. Bulletin do la Societe goologique et mineralogique de Bretagne, nouvelle ser, no. 2, p. 5- 

14. 

Deunff, 1.1958. Microfossiles Planctoniques du Primaire Armoricain. 1. Ordovicien du 

Veryhac'h (Presqu'ile de Crozon). Bull. Soc. Geol. Mineral. Bretagne, n. ser., v. 2, p. 1-4 1. 

Deunff, J. 1959. Microorganisms planctoniques du prin3aire Armoricain. I. Ordovicien du 

Veryhac'h (presqu'ile de Crozon). BuUetin de I& Societe goologique ot mineralogique do 

Bretagne, nouvelle ser., no. 2, p. 1-4 1. 

Deunff, J. 196 Ia. Un microplancton e Hystrichospheres dans le Tremadoc du Sahara. Revue 

de micropaleontologie, v. 4, no-1, p. 37-52. 

Deunff, J. 1961b. Quelques precisions concemant les Hystrichosphaeridees du Devonien du 

Canada. Compte rendu sommaire des seances de la Societe geologique de France, no. 8, p. 216- 

218. 

Deunff, J. 1964a. Systematique de microplancton fossile e Acritarches; revision de deux genres 

de I'Ordovicien inferieur. Revue de micropaleontologie, v. 7, no. 2, p. 119-124. 

Deunff, J. 1964b. Le genre Duvenuzysphaera Staplin. Grana Palynologica, v. 5, no. 2, p. 210- 

215. 

291 



Deunff, J. 1965a. Acritarches du Devonien superieur de I& presqu'ile de Crozon. Compte 

rendu sommaire des seances de I& Societe geologique de France, no. 5, p. 162-164. 

Deunff, J. 1965b. Sur une seric c acritarches dans le Devonien moyen du Finistere. Bureau de 

recherches goologiques et minieres, Paris, Memoire 33, p. 27-28, I pl. 

Deunff, J. 1966. Acritarches du Devonien de Tunisie. Compte rendu sornnuire des amem de 

la Societe geologique de France, no. 1, p. 22-23. 

Deunff, J. 1967a. Presence d'Acritarches dans une serie devonienne du lac Huron (Caua). 

Compte rendu sommaire des seances de la Societe geologique de France, no. 6, p. 258-259. 

Deunff, J. 1967b. Recherches sur les microplanctons du Devonien (Acritarches et 

Dinophyceae). Bulletin de la Societe geologique et mineralogique de Bretagne, nouvelle ser., 

17-25. 

Deunff, J. 1967c. Sur une serie e acritamhes dans le Devonien moyen du Finistere. Colloque 

sur le Devonien Inferieur et ses Limites (Rennes, 16-24 Septembre), Bureau de recherches 

geologiques et minieres, Paris, Memoire 33, p. 341-347. 

Deunff, J. 1968a. Arbusculidiwn, gewe nouveau d'acritamhe du Tremadocien marocain. 

Compte rendu sommaire des Bmc" de la Societe geologique de Fmnce, no. 3, p. 101-102. 

Deunff, J. 1968b. Sur une forme nouvelle d'Arcritarche possedant une ouverture polaire 

(Veryhachium miloni u. sp. ) et sur la presence d'une colonie de Veryhachium dans le 

Tremadocien marocain. Comptes rendus des seances de I'Academie des sciences, v. 267, p. 46. 

49. 

Deunff, J. 1971. Le genre PoWryxiwn Deunff. Revision et observations. In: S. Jardine (ed. ), 

Microfossiles Organiques du Paleozoique, 3. Acritarches. Commission internationale de 

microflore du Paleozoique, Editions du Centre national de la recherche scientifique, Paris, p. 7- 

48. 

Deunff, J. 1976a. Les Acritarches in Les Schistes et Calcaires Eodevoniens de Saint-Cenere 

(Massif Armoricain, France). Sedimentologie, Paleontologie, Stratigraphie. Mem. Soc. 

Geol. Mineral. Bretagne, v. 19, p. 59-91. 

292 



Deunff, J. 1976b. Las acritarches. In: H. Lardeaux (ed. ), Les Schistes et Calcaires 

Eodevoniens de Saint-Cenere (Massif Armoricain, France). Sedimentologie, paloontologie. 

stratigraphie. Memoire de la Societe geologique et mineralogique de Bretagne, no. 19, p. 59-77. 

Deunff, J. 1977a. Un microplancton e Acritarches dam les schistes Ilanvirniena do I'Anti-Atlu 

(Zagora-Maroc). Notes, Service geologique du Maroc, v. 38, no. 268, p. 141-ISI. 

Deunff, J. 1977b. Winwaloeusia, genre nouveau d'Acritarche du Devonien. Gcobios, v. 10, 

no. 3, P. 465-469. 

Deunff, J. 1978. Lanveocia et Candelwphaeridium, genres nouveaux d'Acritarches des Gres do 

Landevennee(Godinnieninferieurdel&RadedeBrest-Finistere). Goobios, v. ll, no. l, p. 113- 

117. 

Deunff, J. 1980. La Paleoplancton des Gros de Landevennoc (Gedinnien de la Rade de ]Brut. 

Finistere) etude biostratigraphique. Geobios, v. 13, no. 4, p. 483-539. 

Deunff, J. 1981. Observations preliminaires sur le paleophytoplancton de la coupe do Caffiers 

(Givetien-FmsnienduBoulonnais, France). Annales dela Societe geologique du Nord, v. 100, 

p. 65-71. 

Deunff, J. and Chateauneuf, J-J. 1976. Sur la presence d'un riche microplancton Siluro- 

Devonien a Acritarches, spores, et Chitinozoaires au sommet des Schistes et Quartzites de 

Plougastel (Rade de Brest-Finistere); son interet stratigraphique. Goobios, V-9, no. 3, p. 337- 

343. 

Deunff, J. & Chauvel, J. J. 1970. - Un Micropl&ncton a Chitinozoaires et Acritarches Dans des 

Niveaux Schisteux du Gres ArmOricain (Mayenne et Sud do Rennes). C. R. Somm. Soc. Geol. 

France, v. 6, p. 196-198. 

Deunff, J. and Evitt, W. R. 1968. Tunisphaeridium, a new acritarch genus from the Silurian and 

Devonian. Stanford University Publications, Geological Sciences, v. 12, no. 1, p. 1-13. 

Deunff, J., Gorka, H. and Rauscher, R. 1974. Observations nouvelles et precisions sur les 

Acritarches a large ouverture polaire du Paleozoique inferieur. GeDbios, v. 7, no. l, p. 5-18. 

Deunff, J. and Massa, D. 1975. Palynologie et stratigraphie du Cambro-Ordovicien (Libye 

nord-occidentale). Comptes rendus des seances de IAcademie des sciences, ser. D, v. 281, p. 21- 

24. 

293 



Deunff, J. and Paris, F. 1972. Presence d'un paleoplancton e acritarches, chitinozoaires, 

spores, scolecodontes et radiolaires dans les formations siluro-devoniennes de la region do 

Plourach (Cotes-du-Nord). Bulletin de la Societe geologique et mineralogique do Bretagne, 

ser. C, v. 3, no. 2, p. 83-88. 

Deunff, J., Lefort, J-. P. and Paris, F. 1971. Le microplancton Ludlovien des Fonwtions 

Inunergees des Minquiers (Manche) et sa place dans I& distribution du palooplancton Silurien. 

Bulletin de la Societe geologique et mineralogique de Bretagne, ser. C, v. 3, no. 1, p. 9-28. 

Deunff, J., Peniguel, G. and Poumot, C. 1961. De correlation palynoplanctologique dans ]a 

Cambro-Ordovicien de Sahara. Societe nationale, des petroles d'Aquitaine, Centre de recherches 
de Pau, Memoires d'etudes, no. 65, p. 1-17. 

Diez, M. del C. R. and Cramer, F. H. 1974. Silurian acritarchs. Distribution and trends. 

Review of Palaeobotany and Palynology, v. 18, p. 155- 170. 

Diez, M. del C. R. & Cramer, F. H. 1974. Morphology of PseudoclWhrochitina Carmenchul 

(Cramer 1964), A Chitinozoan-Species from the IxWow of Spain. Brev. Geol. Asturica, v. 13, 

p. 9-167. 

Diez, M. del C. R. & Cramer, F. H. 1978. Iberian Chitinozoans. - 1. Introduction and 

Summary of Pre-Devonian Data. Palinologia, num. ext. 1, p. 149-20 1. 

Diez, M. del C. R. & Cramer, F. H. 1976. Acritamhes et miospores du Ludlovien de 

Corniero, ProvincedeLeon, Espagne. Revuedemicropaleontalogie, V. 19, na. 3, p. 121-133. 

Diez, M. del C. R. & Cramer, F. H. 1977. Range chart of selected Lower Paloozoic acritarch 

taxa. Il. Index to parts I and H. Review of Palae6botany and Palynology, v. 24, p. 1-48. 

Diver, W. L. and Peat, C. J. 1979. On the interpretation and classification of Precambrian 

organic-walled microfossils. Geology, v. 7, p. 401-404. 

Doming, K. J. 1981. Silurian acritarchs from the type Wenlock and Ludlow of Shropr1ire, 

England. Review of Palae6botany and Palynology, v. 34, no. 2, p. 175-203. 

Doubinger, J. 1%3a. Chitinozoaires OrdOviciens et Siluriens des Schistes do Steige Dans Les 

Vosges. Bull. Serv. Carte Geol. Als. Loff., v. 16, p-125-136. 

Doubinger, J. 1963b. Etude Palyno-Plancologiques de QuelquesEchantillons du Devonien 

inferieur (Siegenien) du Cotentin. Bull. Serve. Carte. Gool. Als. Loff., v. 16, p. 261-273. 

294 



Doubinger, J. & Eller, J. P. von 1963. Decouverte de Chitinozoaires Wage Silurien Dam Les 
Schistes; de Steige (Vallee del' Andlau, Vosges). C. R. Acad. Sc., v. 256, p. 469-47 1. 

Doubinger, J. & Ruhland, M. 1963. Decouverte d'une faune de Chitinozoaires d'age Devonien 

au Treh (Region de Markstein, Vosges Meridionales). C. R. Acad. Sc., v. 256, p. 2894-2896. 

Doubinger, J. & Poncet, J. 1964. Presence de Nombreux Chitinozaires d=s le Devonien 
inferieur (Siegenien) du Cotentin- C. R. Somm. Soc. Gool. France, v. 3, p. 104-105. 

Downie, C. 1958. An assemblage of microplankton from the Shineton Shales (rrenudocian). 
Proceedings of the Yorkshire Geological Society, v. 3 1, no. 12, p. 331-349. 

Downie, C. 1959. Hystrichospheres from the Silurian Wenlock Shale of England. 

Palaeontology, v. 2, no. 1, p. 56-7 1. 

Downie, C. 1960. Deuqffia and Domasia, new genera of hystrichospheres. 

Micropaleontology, v. 6, no. 2, p. 197-202. 

Downie, C. 1963. 'Hystrichospheres' (acritarchs) and spores of the Wenlock Shales (Silurian) 

of Wenlock, England. Palaeontology, v. 6, no. 4, p. 625-652. 

Downie, C. 1974a. Intercontinental correlation of the Lower Cambrian based on acritarchs. In: 

Palynology of Proterophyte and Palaeophyte. Proceedings of the Ul International Palynological 

Conference in Novosibirsk, Moscow, p. 21-24. 

Downie, C. 1974b. Acritarchs from near the Precambrian-Cambrian boundary -a preliminary 

account. Review of Palaeobotany and Palynology, v. 18, no. 1-2, p. 57-60. 

Downie, C. 1979. Devonian acritarchs. In: The Devonian System. special papers in 
Palaeontology, no. 23, p. 185-188. 

Downie, C. 1982. Lower Cambrian acritarchs from Scotland, Norway, Greenland and Canada. 
Transactions of the Royal Society of Edinburgh, v. 72, p. 257-285. 

Downie, C. 1984. Acritarchs in British stratigrRphy. Geological Society of London, Special 
Report, no. 17, p. 1- 26. 

Downie, C. and Sadeant, W. A. S. 1963. On the interpretation and status of some 
hystrichosphere genera. Palaeontology, v. 6, no-1, p. 83-96. 

295 



Downie, C. and Soper, N. J. 1972. Age of the Eycott Volcanic Group and its conformable 

relationship to the Skiddaw Slates in the English IAke District. Geological Magazine, v. 109, 

no. 3, p. 259-268. 

Downie, C., Evitt, W. R. and Saýeant, W. A. S. 1%3. Dinoflagellates, hystrichospheres, and 

the classification of the acritarchs. Stanford University Publications, Geological Sciences, V. 7, 

p. 1-16. 

Downie, C., Williams, G. L. and Sadeant, W. A. S. 1961. Classification of fossil 

microplankton. Nature, v. 192, no. 4801, p. 471. 

Dunn, D. L. 1959. Devonian Chitinozoans from the Cedar Valley Formation in Iowa. J. 

Paleont., v. 33, p. 1001-1017. 

Dunn, D. L& Miller, T. H. 1964. A distinctive Chitinozoan Faunule from the Alpena 

Limestone (Middle Devonian) of Michigan. J. Paleont., v. 38, p. 725-728. 

Dutta, S. K. and Sah, S. C. D. 1970. Palyno-stratigraphy of the Tertiary sedimentary formations 

of Assam. S. Stratigraphy and palynology of South Shillong Plateau. Palaeontographica, 

Abt. B, v. 13 1, no. 1-4, p. 1-72. 

Eisenack, A. 193 1. Neue Mikrofossilien des balfischen Silurs. 1. Palaeontologische 

Zeitschrift, v. 13, no. 1-2, p. 74-118. 

Eisenack, A. 1932. - Neue Mikrofossilien des Baltischen Silurs II. Palaont. Ze.. v. 14, p. 257- 

277. 

Eisenack, A. 1934. Neue Mikrofossilien des baltischen Silurs IN und neue Mikrofossilien des 

bohmischen Silurs I. Palaaontologische Zeitschrift, v. 16, no. 1-2 , p. 52-76. 

Eisenack, A. 1937. - Neue Mikrofossilien dm ]BaltiKhen Silurs IV. Palaont. Zeitschr., v. ig, 

p. 217-243. 

Eisenack, A. 1938a. Hystrichosphaerideen und verwandte Form= im baltischen Silur. 

Zeitschrift fer Geschiebeforschung und Flachlandsgeologie, v. 14, no. 1, p. 1-30. 

Eisenack, A. 1938b. Die Phosphoridmollen der Bernsteinformation als eberlieferer tertieren 
Planktons. Schriften der Physikalisch-okonomischen Gesellschaft zu Konigsberg, v. 70, no. 2, 

P. 181-188. 

296 



Eisenack, A. 1938c. Neue Mikrofossilien des baltischen Silurs IV. Palaaontologisch 

Zeitschrift, v. 19, no. 3-4, p. 217- 243. 

Eisenack, A. 1939. - Chitinozoen und Hystrichosphaeridium im Ordovizium des Rheinischen 

Schiefergebiges. Senckenbergiam, v. 21, p. 135-152. 

Eisenack, A. 1944. Eber einige pflanzliche Funde in Geschieben, nebst Bemerkungen zum 
Hystrichosphaerideen- Problem. Zeitschrift fer Geschiebeforschung und Flachlandsgeologie, 

v. 19, p. 103-123. 

Eisenack, A. 1951. Eber Hystrichosphaerideen und andere Kleinformen aus baltischem Silur 

und Kambrium. Senckenbergiana Ledum, v. 32, no. 1-4, p. 187-204. 

Eisenack, A. 1954a. Hystrichospheren aus dem baltischen Gotlandium. Senckenbergiana 

Lethaea, v. 34, no. 4-6, p. 205-211. 

Eisenack, A. 1954b. Mikrofossilien aus Phosphoriten des samlendischen Unteroligozens und 

eber die Einheitlichkeit der Hystrichosphaerideen. Palaeontographica, Abt. A, v. 105, no. 3-6, 

p. 49-95. 

Eisenack, A. 1955a. Chitinozoen, Hystrichospheren und andere Mikrofossilien aus dem 

Beyrichia-Kalk. Senckenbergiana Lethaea, v. 36, no. 1-2, p. 157-188. 

Eisenack, A. 1955b. - Neu Chitinozoen aus dem Silur des Baltikums und dem Devon der Eitel. 

Senckenbergiana Ledum, v. 36, p. 311-319. 

Eisenack, A. 1957. Mikrofossilien in organischer Substanz aus dem Las Schwabens 

(Seddeutschland). NeuesJahrbuchferGeologieundPaloontologie, Abhandlungen, V. 105, no. 3, 

p. 239-249. 

Eisenack, A. 1958a. Tasmanites Newton 1875 und Leiosphaeridia n. g. als Gattungen der 

Hystrichosphaeridea. Palaeontographica, Abt. A, v. 110, no. 1-3, p. 1-19. 

Eisenack, A. 1958b. Mikrofossilien aus dem Ordovizium des Baltikums. 1. Markmitschicht, 

Dietyonema-Schiefer, Glaukonitsand, Glaukonitkalk. Senckenbergiana Lethau, v. 39, no. 5-6, 

p. 389-405. 

297 



Eisenack, A. 1958c. Mikroplankton aus dem norddeutschen Apt nebst einigen Bemerkungen 

eber fossile Dinoflagellaten. Neues Jahrbuch fer Geologie und Paleontologie, Abhandlungen, 

v. 106, no. 3, p. 383422. 

Eisenack, A. 1959a. Neotypen baltischer Silur-Hystrichospheren und neue Arten. 

Palaeontographica, Abt. A, v. 112, no. 5-6, p. 193-211. 

Eisenack, A. 1959b. Was ist Membranilamax? Neues Jahrbuch fer Geologie und 

Paleontologie, Monatshefte, no. 7, p. 327-332. 

Eisenack, A. 1961. Einige Erurterungen eber fossile Dinoflagellaten nebst ebersicht eber die 

zur Zeit bekannten Gattungen. Neues Jahrbuch fer Geologie und Paleontologie, Abhandlungen, 

v. 112, no. 3, p. 281-324. 

Eisenack, A. 1962a. - Neotypen Baltischer Silur-Chitinozoen und Neue Arten. Neues Jb. Geol. 

Palaont. Abh., v. 114, P. 291-316. 

Eisenack, A. 1962b. Einige Bemerk: ungen zu neueren Arbeiten eber Hystrichospheren. Neues 

jahrbuch fer Geologie und Paleontologie, Monatshefte, no. 2. p. 92-101. 

Eisenack, A. 1962c. Mikrofossilien aus dem Ordovizium des Baltikums. 2. Vaginatenkalk bis 

Lyckholmer Stufe. Senckenbergiana Lethaea, v. 43, no. 5, p. 349-366. 

Eisenack, A. 1962d. Neue problematische Mikrofossilien. Neues Jahrbuch fer Geologie und 

Paleontologie, Abhandlungen, v. 114, no. 2, p. 135-141. 

Eisenack, A. 1963a. eber einige Arten der Gattung Tasmanites Newton, 1875. Grana 

Palynologica, v. 4., no. 2, p. 203-216. 

Eisenack, A. 1963b. Mitteilungen zur Biologie der Hystrichospheren und eber neue Arten. 

Neues Jahrbuch fer Geologie und Paleontologie, Abhandlungen, v. 118, no. 2, p. 207-216. 

Eisenack, A. 1964. Katalog der fo6silen Dinoflagellaten, Hystrichospheren und verwandten 

Mikrofossilien. Bmd 1. Dinoflagellaten. E- Schweizerbld'566 Verlagsbuchhandlung, 

Stuttgart, 899 p. 

Eisenack, A. 1965a. Die Mikrofauna der Ostseekalke. 1. Chitinozoen, Hystrichogherm. 

Neues Jahrbuch fer Geologie und Paleontologie, Abhandlungen, v. 123, no. 2, p. 115-148. 

Eisenwk, A. 1965b. Eber einige Mikrofossilien des samlendischen und norddeutwJ= Tertiers. 

Neues Jahrbuch fer Geologie und Paleontologie, Abhandlungen, v. 123, no. 2, p. 149-159. 

298 



Eisenack, A. 1965c. Mikrofossilien um dem Silur Gotlands. Hystrichospheren, Problematik&. 

Neues Jahrbuch fer Geologie und Paleontologie, Abhandlungen, v. 122, no. 3, p. 257-274. 

Eisenack, A. 1967a. Katalog der fossilen Dinoflagellaten, Hystrkhosphaeren und verwandten 
Mikrofossilen. Band I. Dinoflagellaten 1. Ergenzungslieferung. E. Schweizerbart'sche 

Verlagsbuchhandlung, Stuttgart, 241 p. 

Eisenack, A. 1967b. Axisphaeridiwn n. g., ein axialsymmetrische Hystrichosphere aus dem 

baltischen Ordovicium. Neues Jahrbuch fer Geologie und Paleontologie, Monatshefte, no. 5, 

p. 398-400. 

Eisenack, A. 1968a. eber die Fortpflanzung paleozoischer Hystrichospheren. Neues Jahrbuch 

fer Geologie und Paleontologie, Abhandlungen, v. 13 1, no. 1, p. 1-22. 

Eisenack, A. 1968b. Mikrofossilien eines Geschiebes der Borkholmer Stufe, baltisches 

Ordovizium, F2. Mitteilungen aus dem Geologischen Staatsinstitut in Hamburg, no. 37, p. 81- 

94. 

Eisenack, A. 1969a. Zur Systematik einiger paleozoischer Hystrichospheren (Acritarcha) des 

baltischen Gebietes. Neues Jahrbuch fer Geologie und Paleontologie, Abhandlungen, v. 133, 

p. 245-266. 

Eisenack, A. 1969b. Bemerkungen zur Systematik der fossilen Dinoflagellaten. Neues 

Jahrbuch fer Geologie und Paleontologie, Monatsbefte, no. 6, p. 337-343. 

Eisenack, A. 1969c. Kritische Bemerkungen und Richtigstellungen im Gebiet der fossilen 

Dinoflagellaten und Acritarchen (Critical review of some fouil dinoflagellates and acritarchs). 
Neues Jahrbuch fer Geologie und Paleontologie, Abhandlungen, v. 134, no. 2. p. 101-116. 

Eisenack, A. 1970. Mikrofossilien aus dem Silur Estlands und der Iml osel. Geologiska 

Fureningens i Stockholm Forhandlingar, v. 92, no. 542, p. 302-322. 

Eisenack, A. 197 la. Die Mikrofauna der Ostseekalke (Ordovizium) 3. Graptolithen, 

Melanoskleriten, Spongien, Radiolarien, Problematika nebst 2 Nachtregen eber Foraminiferen 

und Phytoplankton. Neues Jahrbuch fer Geologie und Paleontologie, Abhandlungen, v. 137, 

no. 1, p. 337-357. 

Eisenack, A. 1971b. Weitere mikrOfmilien aus dem BeYrichienk&lk (Silur). Nem Jahrbuch 

fer Geologie und Paleontologie, Monatshefte, no. 8, p. 449-460. 

299 



Eisenack, A. 1972a. Chitinozoen und andere Mikrofossilien aus der Bohning Leba, Pommern. 

Palaeontographica Abt A, v. 140, p. 64-87. 

Eisenack, A. 1972b. Kritische Bemerkung zur Gattung Pterospermpsis (Chlorophyta, 

Prasinophyceae). Critical remarks about Pierospermopsis. Neues Jahrbuch fer Geologie und 

Paleontologie, Monatshefte, no. 10, p. 596-601. 

Eisenack, A. 1974. Beitmge zur Acritarchen-Forschung. Neues Jahrbuch fer Geologie und 

Paleontologie, Abhandlungen, v. 147, no. 3, p. 269-293. 

Eisenack, A. 1976. Mikrofossilien aus dem Vaginatenkalk von Helludden, eland. 
Palaeontogmphica, Abt. A, v. 154, no. 4-6, p. 181-203. 

Eisenack, A. 1979. Nollia eifelensis (Acritamha), ein Pyrocystis-ehnliches Mikrofossil aus dem 

Unter-Devon der Eifel. Seackenbergiana Lethaea, v. 60, no. 1-3, p. 51-53. 

Eisenack, A., Cramer, F. H. and Diez, M. del C. R. 1973. Katalog der fossilen Dinoflagelisiten, 

Hystrichospheren und verwandten Mikrofossilien. Band III Acritarcha 1. Teil. B. 

Schweizerbart'sche Verlagsbuchhandlung, Stuttgart, 1104 p. 

Eisenack, A., Cramr, F. H. and Diez, M. del C. R. 1976. Katalog der fossilen Dinoflagellaten, 

Hystrichospheren und verwandten Mikrofouilien. Band IV Acritarcha 2. Teil. E. 

Schweizertbart'sche Verlagsbuchhandlung, Stuttgart, 863 p. 

Eisenack, A., Cramer, F. H. and Diez, M. del C. R. 1979a. Katalog der fossilen 

Dinoflagellaten, Hystrichogheren und verwandten Mikrofossilien. Band V Acritarcha 3. Teil. 

E. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart, 529 p. 

Eisenack, A., Cramer, F. H. and Diez, M. del C. R. 1979b. Katalog der fossilen 

Dinoflagellaten, Hystrichospheren und verwandten Mikrofouilien. Band VI Acritarcha 4. Teil. 

E. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart, 531 p. 

Eiserhardt, K. H. 1984. Capinatosphaeridium n. g. (Acritarcha) aus einem ejiemyr- 

Flintgeschiebe Gotlands (ob. Ordoviz). Neues Jahrbuch fer Goologie und Paleontologie, 

Monatshefte, no-9, p-521-528. 

Elaouad-Debbaj, Z. 1978. Acritarches de I'Ordovicien superieur du Synclinal de Bueaco 

(Portugal); systematiqw- biostratigraphie-interet paleogeographique. Bulletin de la Societe 

geologique et mineralogique de Bretagne, ser. C, v. 10, no. 2, p. 1-101. 

300 



Elaouad-Debbai., Z. 1984a. Chitinozoaires ashgilliens do I'Anti-Atlas (Maroc). Goobios, v. 17, 

p. 45-88. 

Elaouad-Debbaj, Z. 1984b. Acritarches et Chifino"res de l'Arenig-Llanvirn de l'Anti-Atlas 

(Maroc). Rev. palaeobot. Palynol, v. 43, p. 67-68. 

Elaouad-Debbai, Z. 1986. Chitinozoaires de la Formation inferieure du Ktaoua, Ordovicien 

superieur de l'Anti-Atlas (Maroc). Hercynica, v. 2, p. 35-55. 

Elaouad-Debbaj, Z. 1987. Acritarches ot Chitinozoaireg do L'Ordovicien du Maroc. 

systematique biostratigraphie coffelations. These Univ. Rennes, 3 10 pp (unpubl). 

Elaouad-Debbaj, Z. 1988a. Acritarches de l'Ordovicien superieur (Camdoc-Ashgill) de l'Anti- 

Atlas, Maroc. Rev. Micropaleontol, v. 30, p. 232-248. 

Elaouad-Debbaj, Z. 1988b. Acritarches et Chitinozoaires du Tremadoc do I'Anti-Atlas Centml 

(Maroc). Rev. Micropaleontol. v. 31, p. 85-128. 

Elaouad-Debbaj, Z., Founier-Vinas, Ch. & Destequ, C. 1987. Presence de Chitinozoaires 

Ordoviciens et Devoniens dans la Boutonniere des Zekkara, region of d'Oujda (Maroc oriental). 
Sci. Geol. Bull., v. 40, p. 363-379. 

Evitt, W. R. 1963. A discussion and proposals concerning fossil dinoflagellates, 

hystrichospheres, and acritarchs, 1. Proc. Nat. Acad. Sci. Washington, v. 49, p. 159-164. 

Fensome, A. F., Williams, G. L., Barss, M. S., Freeman, J. M. & Hill, J. M. 1990. Acritarch 

and fossil prasinophytes: an index to genera, species and intraspecific tam A. A. S. P. 

Contribution Series, No. 25. 

Fombella, M. A. 1977. Acritarcos de edad Cambrico medio-inferior de la Provincia de Leon, 

Espana. Revistaespanolademicropaleontologia, v. 9, no. l. p. 115-124. 

Fombella, M. A. 1978. Acritarcos de la Formacion Oville, edad Cambrico medio-Tremadoc, 
Provincia de Leon, Espana. (Acritarchs of the Oville Formation, Middle Cambrian-Tremadocian 

age, Province of Leon. ) Palinologia, numero extraordinario 1, p. 245-261. 

Fombella, M. A. 1979. Palinologia de la Formacion Oville al norte y sur de la Cordillera Cant 

brica, Espana (Palynology of the Oville Formation, N and S of the Cantabrian Mountains, 

Spain). Palinologia, v. 1, p. 1-5. 

301 



FombeRa-Blanco, M. A. 1982. Determinacion palinologica del Tremadoc en I& localidad de 

Verdiago, Provincia de Leon, no de Espana. Revista espanola de micropaleontologia, v. 14, 

13-22. 

Foml>--lla-Blanco, M. A. 1986. EI transito Cambrico-Ordovicico, palinologia y diacronismo, 

Provineia de Leon, No de Espana. Revista espanola de mieropaleontologia, v. 18, no. 2, p. 165- 

179. 

Fombella-Blanco, M. A. 1987. Resemblances and differences between the palynological 

associations of Upper Cambrian age in the NW of Spain (Vozmediano) and north of Africa 

[Similarites et differences entre les associations palynologiques d'ege Cambrien superieur du 

Nord-ouest de I'Espagne (Vozmediano) et dAfrique du Nord]. Revue de micropaleontologie, 

v. 30, no. 2, p. 111-116. 

Foumier-Vinas, C. 1985. Acritarchs Ordoviciens des Zekkara (Maroc Oriental). Geobios, 

v. 18, p. 907-813 

Goldstein, R. F., Cramer, F. H. & Andress, N. 1%9. -Silurian Chitinozoans from Florida Well 

Samples. Trans. Gulf Coast Assoc. Geol. Soc., v. 19, p. 377-384. 

Gorka, 1-1.1969. Mikroorganisnxs de l'Ordovieien de Pologne. Palaeontologia Polonica, 

no. 22, P. 1-102. 

Grahn, Y. 1978. Chitinozoan Stratigraphy and Palaeoecology at the Ordovician Silurian 

Boundary in Skane, Southermost Sweden. Sveriges Gool. Under., C, v. 744, p. 1- 16. 

Grahn, Y., 1980. Early Ordovician Chitinozoan from Oland. Sver. Geol. Unders., Ser. C, 

v. 775, P-1-41. 

Grahn, Y., 1981a. Middle Ordovician Chitinozoa from Oland. Sver. Geol. Unders. Ser. C., 

v. 784, p. 1-5 1. 

Grahn, Y., 1981b. Ordovician ChitinozDa from the Stora Asbotorp Boring in Vastergotland 

South-Central Sweden. Sver. Geol. Unders. Ser. C., v. 7 87, p. 1-40. 

orahn, Y., 1981a. Caradocian and Ashgillian Chitinozoa from the subsurface of Gotland. 

Sver. Geol- Unders., Ser. C., v. 788, p. 1-66. 

Grahn, Y., 1982b. Palaeobiology and biostratigraphy of ordovician chitinozoa from Sweden. 

Acta Univ. Ups. Abstr. Uppsala Diss. Fac. Sci-, v. 629, p. 1-16. 

302 



Grahn, Y., 1982c. Early Camdoc Chitinozoa from Ostergodand, south central Sweden. Cool. 

Foren. Stockhok. Forh., v. 105, p. 269-272. 

Grahan Y., 1994. Ordovician Chitinozoa from Tallinn, Northern Estonia. Rev. Palaeobot. 

Palynol., v. 43, p. 5-31. 

Grahn, Y., 1988. Chitinozoan stratigraphy in Ashgill and Uandovery. Bull. Br. Mus. Nat. 

Hist. (Geol), v. 43, p. 317-323. 

Graindor, M. J., Robardet, M. & Taugourdeau Ph. 1966. Chitinozoaizu du Siluro-Devonien 

Dans le Nord du Massif Armoicain. Ann. Soc. Geol. Nord, v. 85, p. 337-343. 

Gray, J. and Boucot, A. J. 1989. Is Moyeria a euglenoid? Lethaia, v. 22, p. 447-456. 

Greuter, W., Burdet, H. M., Chaloner, W. G., Demoulin, V., Grolle, R., Hawksworth, D. L., 

Nicholson, D. H., Silva, P. C., Stafleu, F. A., Voss, E. G. and McNeill, J. M. 1988. 

International Code of Botanical Nomenclature. Repum vegetabile, v. 118,328 p. 

Grignani, D. 1967. - Correlation with Chitinozoa in the Devonian and Silurian in some Tunisian 

Well Samples. Rev. palaeobot- Palynol., Y. 5, p. 315-325. 

Grignani, D. & Mantovani, M. P. 1964. - Les Chitinozoaires du Sondage Oum Doul-I (Maroc). 

Rev. Micropal., v. 6, p. 243-258. 

Harland, R. 1983. Distribution of Recent dinoflagellate cysts in bottom sediments from the 

North Atlantic Ocean and adjacent areas. Palaeontology, v. 31, p. 877-903. 

Hemer, D. O. and Nygreen, P. W. 1967. Algae, scritarchs and other microfossils incertae sedis 
from the Lower Carboniferous of Saudi Arabia. Micropaloontology, v. 13, no. 2, p. 183-194. 

Higgs, K. 1975. Upper Devonian and Lower Carboniferous miospore ammblages fi-om Hook 

Head, County Wexford, Ireland. Micropaleontology, v. 21, no. 4, p. 393-419. 

Hill, P. J. 1974. Stratigraphic palynology of acritarchs from the type area of the 11andovery and 

the Welsh Borderland. Review of Palaeobotany and Palynology, v. 18, no. 1-2, p. 11-23. 

Hill, P. J. 1978. A review of Cymbosphaeridium pilar and comparison with 

Multiplicisphaeridium pachymunim sp. nov. from the Ilandovery and Wenlock of Shropshire, 

GreatBritain. Palynology, v. 2, p. 181-18S. 

303 



Hill, P. J. & Molyneux, S. G. 1988. Biostratigraphy, palynofacies and provincialism of Late 

Ordovician- Early Silurian acritarchs from northeast Ubya. In: Al-Arnauti, A., Owens, R. & 

Thusu, iR. (eds). subsurface Palynostratigraphy of Northeast Ubya, p. 27-43. 

Hill, P. J., Paris, F. & Richardson, J. B. 1985. Silurian Palynomorphs. In: 77husu, R. & 

Owens, B. (eds). Palynostratigraphy of North-East Ubya. J. Micropalaeont., v. 4, p. 27-48. 

Holland, C. H., 19 85. Series and Stages of the Silurian System. Episodes, V. 8, p. 10 1- 103. 

Hal, M, 1965. Precisions sur I& stratigraphie et la repartition de que1ques especes 
importantes du Silurien superieur et de l'Eodevonien du Maroc presaharien. Not« & M. Serv. 

geol. Maroc, v. 183, p. 23. 

Jaglin, J-C. & Paris, F. 1992. Exemples de tetralogie chez les chitinozoaim du Pridoli de 

Libye et implications sur la signification biologique du groupe. Lethaia, v. 25., p. 151-164 

Jansonius, J., 1964. Morphology and clawification of some Chitinozoa. Bull. Canad. petrol. 

Gool., V. 12, P. 901-918. 

Jansonius, J., 1970. Classification and stratigraphic application of Chitinozoa. Amer. Paleont. 

conv. 1969,0, p. 789-808. 

Jardine, S. and Yapaudjian, L. 1968. Lithostratigraphie et palynologie du Devonien- 

Gothlandien Greseux du Bassin de Polignac (Salmm). Revue do I'lastitut franeais du petrole, 

v. 23, no. 4, p. 439-468. 

Jardine, S., Combaz, A., Magloire, L., Peniguel, G. and Vachey, G. 1972. Acritarches du 

siiurien temünal et du Devonien du Sahara Algerien. Comptes rendus 7c Congrer, international 

de stratigraphie et de geologie du Carbonifere, Krefeld, August 1971, v. 1, p. 295-31 1. 

Jardine, S., Combaz, A., Magloire, L., Peniguel, G. and Vachey, G. 1974. Distribution 

stratigraphique des Acritarches dans le Paleozoeque du Sahara Algerien. Review of 

Palaeobotany and Palynology, v. 18, no. 1-2, p. 99-129. 

Jeffrey, C. 1977. Biological Nomenclature. Edward Arnold Limited, London, England, 72 p. 

Jenkins, W. A. M. 1967. Ordovician Chitinozoa from Shropsbire. Palaeont0logy, v. 10, p. 436- 

488. 

304 



Jenkins, W. A. M. 1969. Chitinozoa from the Ordovician Sylvan Shale of the Arbuclde 

Mountains Oklahoma. Palaeontology, v. 13, p. 261-288. 

Jenkins, W. A. M. 1970. Chitinozoa. Gooscience and Man. v. 1, p. 1-2 1. 

Jenkins, W. A. M. & Legault, J. A. 1979. Stratigmphic Ranges of Selected Chitinozoa. 

Palynology, v. 3, p. 235-264. 

Johnson, N. G. 1985. Early Silurian palynomorphs from the Tuscarora Formation in central 
Pennsylvania and their paleobotanical and geological significance. Review of Palaeobotany and 
Palynology, v. 45, p. 307-360. 

Kar, R. K. & Bose, M. N. 1976. Palaeozoic sporae dispersae from Zaire (Congo). XII: Assise 

a couches de houille from Greinerville region. Musee royal de I'Afrique centrale, Annales, ser. 
in-8, sciences geologiques, no. 77, p. 23-133. 

Kedo, G. 1.1955. Spores of the Middle Devonian of the Northeastern Byelorussian SSR; 

Institute of Geological Sciences. Paleontology and Stratigraphy of BSSR, Stomik v. 1, p. 5-59. 

Keegan, J. B., Rasul, S. M. and Shaheen, y., 19S8. Palynostratigraphy of the Lower 

Palaeozoic (Cambrian to Silurian) sediments of the Hashemite Kingdomof Jordan. Int. Symp. 

Circum-Mediteffanean. Palynol., Zeist. p. 13-23. 

Keff, J. W., McGregor, D. C. and McLaren, D. J. 1965. An unconformity between Middle and 
Upper Devonian rocks of Bathurst Island, with comments on Upper Devonian faunas and 

microfloras of the Parry Islands. Bulletin of Canadian Petroleum Geology, v. 13, no. 3, p. 409- 

431. 

Kiryanov, V. V. 1978. Akritarkhi Bilum Volyno-Podolii. Akademiya Nauk Ukrainskoi SSR, 

Institut Geologieheskikh Nauk, Kiev, Naukova Dumka, p. 1-116 

Kjellstrom, G. 1971a. Ordovician microplankton (baltisphaerids) from the Grotlingbo Borehole 

No. 1 in Gotland, Sweden. SverigesGeologiskaUndersokning, ser. C, no. 655, v. 65, no. l, p. l- 

75. 

Kjellstrom, G. 197 1b. Middle Ordovician microplankton from the Grodingbo Borehole No. I in 

Gotland, Sweden. SverigesGoologiskaUndersokning, ser. C, no. 669, v. 65, no. 15, p. 1-35. 

305 



Kjellstrom, G. 1974. Baltisphaeridiwn mukiechinatwn nom. nov. pro Bakisphaeridiiun 

echinatwn Kjellstrom, 1971. Geologiska Fureningens i Stockholm Furhandlingar, v. 96, p. 21 I- 

212. 

Kjellstrom, G. 1976. Lower Viruan (Middle Ordovician) microplankton from the Ekon 

Borehole No. 1 in estergodand, Sweden. Sveriges Geologiska Undersokning, ser. C, no. 724, 

v. 70, no. 6, p. 1-44. 

Mapper, G. & Ziegler, W. 1979. - Devonian Conodont Biostratigraphy. In Houses M. R., 

Scurtton, C. T. & Basset, M. G. (ed. ) 1979. The Devonian System. Spec. Pap. Palaeont., V. 23, 

p. 199-224 

Kozlowski, R. 1963. Sur la Nature des Chitinozoaires. Act& Palacont. Polonica, v. 9, v. 42S- 

449. 

Kriz, J. & Paris, F. 1981. Pridolian and Lochkovian Faunas (Bivalvia and Chitinozoa) from 

LA Meignanne ( S. E. Brittany - France). 

Laufeld, S. 1967. Caradocian Chitinozoans from Dalarna, Sweden. Geol. For. Stockh. Forh. 

v. 89, p. 275-349. 

LAufeld, S. 1971. - Chitinozoa and Correlation of the Moldova and Restevo Beds of Podolia, 

USSR. Mem. Bur. Recch. Geol- Min. (B, R. G. M) v. 73, p. 281-300. 

Laufeld, S. 1974. Silurian Chitinozoa from Gotland. Fossils and Strata, v. 5,130 

Laufeld, S. 1977a. Chitinozoans. 71e Silurian-Devonian. IUGS. Series A, v. 5, p. 301-302. 

Legault, J. A. 1973a. Chitinozoa and Acritarcha of the Hamilton Formation (Middle 

Devonian), South-Western Ontario. Geol. Sur. Canada Bull., v. 221,103 p. 

Legault, J. A. 1973b. - Mode of aggregation of Hoegisphaera (Chitinozoa). Can. J. Earth. 

Sci., v. 10, p. 793-797. 

Legrand, Ph. 1970. Essai sur I& Paloogeographic de I'Ordovicien au Sahara Algerien. 

Compagnie Francaise des Petroles, Notes et Mem., v. 11, p. 121-13 8. 

Legrand Ph. 1977. - Les Chaines d'Ougarta, au Sahara Algerien. Ile Silurian-Devonian 

Boundary. TUGS. Series A, v. 5, p. 195-202. 

306 



Legrand, Ph 1985. Lower Palaeozoic Rocks of Algeria. In : C. H. Holland (Editor), Lower 

Palaeozoic of North-westem and West-central Africa. p 5-89. 

Legrand, P., 1988.7be Ordovician-Silurian boundary in the Algerian Sahara. Bull. Br. 

Mus. Nat. Hist. (Cool), v. 43, p. 171-176. 

Le Herisse, A. 1983. Les spores du Devonien inferieur du Synclinorium de Laval (Massif 

Armoricain). Palaeontographica, Abt. B, v. 188, no. 1-3, p. 1-8 1. 

Le Herisse, A. 1984. Microplancton a paroi organique du Silurien de Gotland (Suede). 

Observations au microscope electronique de structures de desenkystement. Review of 
Palaeobotany and Palynology, v. 43, p. 217-236. 

Le Herisse, A. 1989. Acritarches et kystes d'algues Prasinophycees du Silurien de Gotland, 

Suede. Palaeontographica Italica, v. 76, p. 57-302. 

Lentin J. K. & Williams, G. 1989. Fossil dinoflagellates. Index to genera and species, 1989 

edition. American Association of Stratigraphic Palynologists, Contributions Series, no. 20, p. I- 

473. 

Lessuise, A., Streel, M. and Vanguestaine, M. 1979. Observations palynologiques clans le 

Couvenien (Emsien Terminal et Eifelien) du bord oriental du synclinorium. de Dinant, Belgique. 

Annales de la Societe geologique de Belgique, v. 102, p. 325-355. 

Lewis, H. P. 1940. Ile microfossils of the Upper Camdocian phosphate deposits of 

Montgomeryshire, North Wales. Annals and Magazine of Natural History, ser. 2, v. 5, no. 25, 

p. 1-39. 

Li Jun 1987. Ordovician scritarchs from the Meitan Formation of Guizhou Province, south- 

west Chirm. Palaeontology, v. 30, no. 3, p. 613-634. 

Lister, T. R. 1970. The acritarchs and chitinozoa from the Wealock and Ludlow Series of the 
Ludlow and Millichope areas, Shropshire. Palaeontographical Society Monographs, v. 124 

(publication 528), no. 1, p. 1-100. 

Lister, T. R. and Downie, C. 1974. The stratigraphic distribution of the acritarchs in the 
Ludlow succession at Ludlow. Review of Palaeobotany and Palynology, V. 18, p. 25-27. 

307 



Loboziak, S. and Streel, M. 1981. Miospores in Middle Upper Frasnian to Famennian 

sediments partly dated by conodonts (Boulonnais, France). Rev. Palaeobot. Palynol., v. 34, p. 49 

-66. 

Loboziak, S. and Streel, M. 1989. Middle-Upper Devonian miospores from the Chadamis 

Basin Crunisia-Libya): systematics and stratigraphy. Rev. Palae6bot. Palyn., V. 58, p. 173-196. 

LDboziak, S., Streel, M. and Vanguestaine, M., 1983. Miospores et acritarches do Is Fonmtion 
d'Hydrequent (Frasnien superieur a Famennien inferieur, Boulonnais, France). Ann. Soc. Cool. 
BeIg., v. 106, p. 173-183. 

Loeblich, A. R. 1970a. Morphology, ultrastructum and distribution of Poloozoic acrit=hs. 
Proceedings of the North American Paleontological Convention, Chicago, 1969, pad 0, v. 2, 

p. 705-788. 

Loeblich, A. R. 1970b. Dicommopalla, a new acritarch genus from the Dillsboro Formation 

(Upper Ordovician) of Indiana, U. S. A. Phycologia, V. 9, no. 1, p. 39-43. 

Loeblich, A. R.. and Drugg, W. S. 1968. New acritarchs from the Early Devonian (Late 

Gedinnian) Haragan Formation of Oklahoma, U. S. A. Tulane Studies in Geology, v. 6, no. 4, 

p. 129-137. 

Loeblich, A. R. and MacAdam, R. B. 1971. North American species of the Ordovician acritarch 

genus Aremoricanium. Palaeontographic&, Abt. B, v. 135, no. 1-2, p. 41-47, pl. 15-19. 

Loeblich, A. R. and Tappan, H. 1969. Acritarch excystment and surface ultrastructure with 
descriptions of some Ordovician taxa. Revista espanola de micropalcontologia, V. 1, no. 1, p. 45- 

57, pl. 1-4. 

Loeblich, A. R. and Tappan, H. 1970.7hysanoprobolus, a new acritarch genus from the Early 
Devonian (LAte Gedinnian) Haragan Formation of Oklahoma, U. S. A. Proceedings of the 
Biological Society of Washington, v. 83, no. 24, p. 261-266. 

Loeblich, A. R. and Tappan, H. 1971a. Two new Onhosphaeridium (Acritarcha) from the 
Middle and Upper Ordovician. Transactions of the American Microscopical Society, v. 90, 

no. 2, p. 182-188. 

Loeblich, A. R. and Tappan, H. 1971b. New observations of the ultrastructure of Askelopalla, 

an Ordovician acritarch. Journal of Paleontology, v. 45, no. 5, p. 899-901. 

308 



Loeblich, A. R. and Tappan, H. 1976. Some new and revised organic-walled phytoplankton 

microfossil genera. Journal of Paleontology, v. 50, no. 2, p. 301-308. 

Loeblich, A. R. and Tappan, H. 1978. Some Middle and Late Ordovician microphytoplankton 

from central North America. Journal of Paleontology, v. 52, no. 6, p. 1233-1287. 

Loeblich, A. R. and Wicander, E. R. 1974. New Early Devonian (Late Gedinnian) 

microphytoplankton. Demorhethium lappaceum n. g., n. sp., from the Bois d'Arc Formation of 
Oklahoma, U. S. A. Neues Jahrbuch fer Geologie und Paleontologie, Monatshefte, no. 12, 

p. 707-71 1. 

Loeblich, A. R. and Wicander, E. R. 1976. Organic-walled microplankton from the Lower 

Devonian Late Gedinnian Haragan and Bois d'Arc Formations of Oklahoma, U. S. A., Part 1. 

Palaeontographica Abt. B, v. 159, no. 1-3, p. 1-39. 

T mann, H. 1904. Eier und sogenannte Cysten der Plankton-Expedition. Anhang. 

Cyphonautes. Ergebnisse der Plankton-Expedition der Humboldt-Stiftung, v. 4, p. 1-62. 

Loquin, M. V. 1981. Affinites fongiques probables des chitinozoaires devanant 

Chitinomycetes. Cah. Micropalaeont., v. 1, p. 29-36. 

Lu Lichang and Wicander, R. 1998. Upper Devonian acritarchs: and spores from the 

Hongguleleng Formation, Hefeng District in Xiqiiang, China. Revista espanola de 

micropaleontologia, v. 20, p. 109-148. 

Madler, K. A. 1963. IH. Die figurierten organischen Bestandteile der Posidonienschiefer. 

Geologisches Jahrbuch, Beihefte, v. 58, p. 287-406. 

Magloire, L. 1967. Etude Stratigraphique, par I& Palynologie, des Depots Argilo-Grew=du 

Silurien et due Devonien Inferieur Dans I& Region du Grand Erg Occidentoal (Sahara Algerien). 

International Symposium on the Devonian System, H: p. 473-49 1. 

Martin, F. 1966a. Les Acritarches du sondage de la brasserie Lust, e Kortrijk (Courtrai) 

(Silurien beige). Bulletin de la Societe beige do geologie, de paleontologie et d'hydrologie, 

v. 74, no. 2, p. 3S4-400. 

Martin, F. 1966b. Les Acritarches de Sart-Bernard (Ordovicien belge). Bulletin de Ja Societe 

belge de geologie, de paleontologie et d'hydrologie, v. 74, no. 2, p. 423-444. 

309 



Martin, F. 1967. Les Acritarches du parc de Neuville-sous-Huy (Silurien belge). Bulletin de la 

Societe belge de geologic, de paleontologic et d'hydrologie, v. 7S, no. 3, p. 306-33S. 

Martin, F. 1968. Im Acritarches de I'Ordovicien et du Silurien belges. Determination et. valeur 

stratigraphique. Institut royal des sciences naturelles de Belgique, Memoire, no. 160, p. 1-175. 

Martin, F. 1969. Chitinozoairea de L'Arenig Superieur - Danvirn Inforitur a Condroz 

(Belgique). Rev. Micropal., v. 12, p. 99-106. 

Martin, F. 1972. Les Acritarches de I'Ordovicien inferieur do la Montagne Noire (Herault, 

France). Institut royal des sciences naturelles de Belgique, sciences de ]a terre, Bulletin, v. 48, 

no. 10, p. 1-61. 

Martin, F. 1973. Ordovicien superieur et Silurien inferieur a Deerlijk (Belgique). Institut royal 
des sciences naturelles de Belgique, Memoire, no. 174, p. 1-7 1. 

Martin, F. 1978. Sur quelques Acritarches Llandoveriem de Cellon (Alpez Camiques 

Centmles, Autriche). Goologische Bundesanstalt, Verhandlungen, v. 2, p. 35-42. 

Martin, F. 1981. Acritarches du Famennien inferieur a Villers-sur-Losse (Belgique). Institut 

royal des sciences naturelles de Belgique, sciences do I& terre, Bulletin, v. 52, no. 2, p. 1-55. 

Martin, F. 1982. Some aspects of late Cambrian and early Ordovician scritarchs. In: M. G. 

Bassett and W. T. Dean (eds. ), The Cambrian-Ordovician Boundary. Sections, Fossil 

Distributions, and Correlations. Geological Series (National Museum of Wales), no. 3, p. 29-39. 

Martin, F. 1983. Chitinozaire8 et Acritarches Ordoviciens de la plate-forme du Saint-Laurent 

(Quebec et sud-estdel'Ontario). Geological Survey of Canada, Bulletin 310, p. 1-59. 

Martin, F. 1984a. New Ordovician (Tremadoc) acritarch taxa ftom, the middle member of the 

Survey Peak Formation at Wilcox Pass, southern Canadian Rocky Mountains, Alberta. In: 

Current Research, part A. Geological Survey of Canada, Paper 84-1A, p. 441-448. 

Martin, F. 1984b. Acritarches du Frasnien guperieur et du Famennien inferieur du bord 

meridional du Bassin de Dinat (Ardenne Belge). Institut royal des sciences naturelles de 

Belgique, sciences de I& terre, Bulletin, v. 55, no. 7, p. 1-57. 

Martin, F. and Dean, W. T. 1981. Middle and Upper Cambrian and Lower Ordovician 

acritarchs from Random Island, eastern Newfoundland. Geological Survey of Canada, Bulletin 

343, p. 1-43. 

310 



Martin, F. and Dean, W. T. 1983. We Early Cambrian and Early Middle Cambrian acritarchs 

from Manuels River, eastern Newfoundland. In: Current Research, part B. Geological Survey 

of Canada, Paper 83-1B, p-353-363. 

Martin, F. and Dean, W. T. 1984. Middle Cambrian acritarchs from the Chamberlains Brook 

and Manuels River formations at Random Island, eastern Newfoundland. In: Current Research, 

part A. Geological Survey of Canada, Paper 84-1A, p. 429-440. 

Martin, F. and Dean, W. T. 1988. Middle and Upper Cambrian acritarch and trilobite zonation 

at Manuels River and Random Island, eastern Newfoundland. Geological Survey of Canada, 

Bulletin v. 381,91pp. 

Martin, F. and Rickards, B. 1979. Acritarches, chitinozoaires et graptolites ordoviciens et 

siluriens de la Vallee de la Sennette (Massif du Brabant, Belgique). Annales de I& Societe 

goologique de Belgique, v. 102, p. 189- 197. 

Martin, F. and Yin Uiming 1988. Early Ordovician acritarchs from southern Jilin Province, 

northeast China. Palaeontology, v. 3 1, part 1, p. 109-127. 

Massa, D., 1989. Paleozique de Ubye occidentale. Stratigraphie et Paleogeographic. 71hese. 

Univ. Nice. 514 pp. (unpubl). 

Massa, D. & Moreaux-Benoit, A. 1976. - Essai de Synthese Stratigraphique et Palynologique 

du Systeme Devonien en Libye Occidentale. Rev. Inst. Frane. Petrole, V. 31, p. 287-333. 

Massa, D. and Moreau-Benoit, A. 1985. Apport de nouvelles donnees palynologiques a I& 

biosratigraphic at a la Palcogeographie du Devonian an Libya (sud du Basin de Rhadames) Sc. 

Geol. Bull. v. 38, p. 5-18. 

Matte, P. 1996. Structure profonde et evolution de I& croute hercynienne d'Europe; Seance 

specialisee de I& Societe Geologique do France. Bulletin de la Societe Goologique de France, 

Huitieme Serie, v. 2, p. 9-41. 

McGregor, D. C. 1960. Devonian spores from Melville Island, Canadian Arctic Archipelago. 

Palaeontology, v-3, part 1, p. 26-44. 

McGregor, D. C. 1979. - Devonian Spores from the Barrandian Region of Czechoslovalda and 

their Significance for Interfacies Correlation. In: Current Research, B. Geol. Surv. Canada, 

Paper 79-1 B, p. 189-197. 

311 



McGregor, D. Cand Camfield, M., 1976. Upper Silurian to Middle Devonian sporea of the 

Moose River Basin, Ontario. Geol. Surv. Can. Bull., v. 263,63p. 

McGregor, D. C. and Camfield M., 1982. Middle Devonian Miospores from the Cap do Bray, 

Weatherall and Hecla Bay Formations of Northeast Melville Island, Canadian Arctic. Geol. 

Surv. Can. Bull. v. 348,105 pp. 

McLure, H. A., 1988. the Ordovician-Silurian boundary in Saudi Arabia. Bull. Br. Mus. Nat. 

Hist. (Cool). v. 43, p. 155-163. 

Molyneux, S. G. 1987. H. Appendix. Acritarchs and Chitinozoa from the Arenig Series of 

south-west Wales. In: Ile Arenig Series in South Wales. Stratigraphy and Palaeontology. 

Bulletin of the British Museum (Natural History), Geology, v. 41, no. 3, p. 309-364. 

Molyneux, S. G. & Doming, K. J. 1989. Acritarch dating of latest Tremadoc-earliest Arenig 

(early Ordovician) sediments in the Carmarthen district, south Wales. Geol. Mag.. v. 126, 

p. 707-714. 

Molyneux, S. and Paris, F. 1985. lAte Ordovician palynolmorphs. In: B. T. Thusu and B. 

Owens (Editors). lbe palynostratigraphy of northeast Ubya. J. Micropalaeontol. v. 4, p. 11-26. 

Molyneux, S. G. and Rushton, A. W. A. 1988. The age of the Watch Hill Grits (Ordovician), 

English Lake District. Structural and palaeogeographical implications. Transactions of the 

Royal Society of Edinburgh, Earth Sciences, v. 79, p. 43-69. 

Moreau-Benoit, A. 1966. etude des spores du Devonien inferieur d'Avrille (Le Flechay), 

Anjou. Revue de micropaleontologie, v. 8, no. 4, p. 215-232. 

Moreau-Benoit, A. 1967. Premiers resultats: d'une etude palynologiques du Devonien 

delacarriere des Fours a Chaux d'Angers (Maine-et-Loire). Rev. Micropaleontol., v. 9, p. 219- 

240. 

Moreau-Benoit, A. 1967. Quelques mieroplanctontes du Devonien inferieur de l'Anjou. Revue 

de mieropaleontalogie, v. 10, no. 3, p. 200-208. 

Moreau-Benoit, A. 1969. etude palynologique des formations schisto-gresmses &ssmiees au 
Calcaire de Chalonnes aux carrieres Saint-Charles et Tarare en Chaudefonds (Maine-et-Loire). 

Bull. Soc. Et Sci. Anjou, n. s., v. 7, p. 93-99. 

312 



Moreau-Benoit, A. 1972. Palynologie stratigraphique du Silurien et du Devonien clans le sud- 

est du Massif Armoricain (Synclinoriums de Saint-Juien-de-Vouvantes et d'Ancenis). 7e 

Congres international de stratigraphie et de geologie du Carbonifere, Krefeld, 197 1, v. 1, p. 285- 

293. 

Moreau-Benoit, A. 1974a. Recherches de Palynologie et de Plancologie sur le Devonien et 

Quelques Formations Siluriennes Dans le Sud-Est du Massif Armoricain. Mem. Soc. Geol. 

Mineral. Bretagne, v. 18, p. 1-248. 

Moreau-Benoit, A. 1974b. Recherches de Palynologie et de Planctologie. Sur le Devonien et 

quelques formations siluriennes dans le Sud-Est du Massif Armoricain. Memoires de I& Societe 

geologique et mineralogique de Bretagne, no. IS, p. 1-248. 

Moreau-Benoit, A. 1976. Leg Spores et Les Debris Vegetaux. In Les Schistes et Calcairs 

F, odevoniens de Saint-Cenere (Massif Armoricain, France). SedimentolOgie, Paloontologie, 

Stratigrapbie. Mem. Soc. Geol. Mineral. Bretagne. v. 19, p-27-57. 

Moreau-Benoit, A. 1979. Las spores du Devonien de Libye, lere partic. Cah. 

Micropaloontol., v. 4, p. 58. 

Moreau-Benoit, A. 1980. L« spoers du Devonien de Lbye, 2eme partie. Cah. Micropaleontol.. 

v. 1, p. 3-53. 

Moreau-Benoit, A. 1984. Acritarches et Chitinozoaires du Devonien moyen et superieur de 

l1bye occidentale. Review of Palaeobotany and Palynology, v. 43, p. 187-216. 

Moreau-Benoet, A. and Poncet, 1.1982. Les Schistes et Calcaires oodevoniens de Nehou dans 

la coupe do Barneville (nord-est du Massif armoricain). Sedimentologie, palynologie, 

planctologie, stratigraphie. Bulletin du Bureau de recherches geologiques et minieres, sect. 1, 

nos. 1-2, p. 81-114. 

Morzadec, P. & Paris, F. 1976. COnfrOnt9tiOn des DOnDee8 ot Comparaisons Avec des 

Successions Eodevoniennes d'Europe et d'Afrique du Nord. In Us Schistes et Calcaires 

E, odevoniens de Saint-Cenere (Massif Armoricain, France). Sedimentologie, Paleontologic, 

Stratigraphie. Mem. Soc. Cool. Mineral. Bretagne, v. 19, p. 7-14. 

Morzadec, P., Paris F. & Racheboeuf, P. 1973. - Une Tranchee Dans le Devonien du Menez- 

Belair (Synclinorium Median Armoricain). Bull. Soc. Gool. Mineral. Bretagne, (C), v. 4, p. III- 

114. 

313 



Morzadoc, P., Paris, F. & Racheboeuf, P. 1980. COnclusions Stratigraphique8 in La Trancheo 

de 1A Lezais, Emsien Superieur du Massif Armoricain. Sedimentologie, Paleontologie, 

Stratigraphie. Mem. Soc. Gool. Mineral. Bretagne, v. 24, p. 11-18. 

Muir, M. D. and Sarjeant, W. A. S. 1971. An annotated bibliography of the Tasmanaceae and of 

related living forms (Algae. Prasinophyceae). In: S. Jardine (ed. ), Microfossils Organiques du 

Paleozoique, 3. Acritarches. Commission internationale do microflore du paloozoique, Editions 

du Centre national de I& recherche scientifique, Paris, p. 59-117. 

Muller, J. 1959. Palynology of Recent Orinoco Delta and shelf sediments, Reports on the 

Orinoco Shelf Expedition. Micropalaeontology, v. 5, p. 1-32. 

Naumova, S. N. 1939. Spores and pollen of the coals of the U. S. S. R. Report of the WIT 

International Geological Congress, 1937, v. 1, p. 353-364. 

Naumova, S. N. 1950. Spory nizImego silum (Spores of the Lower Silurian). Trudy 

Konferentsii po Sporovo- Pyltsevomu Analizu, 1948 God&, Geografichesidi Facultet, lzdatelstvo 

Moskovskogo Universiteta, p. 165-190. 

Naumova, S. N. 1953, Spore-pollen assemblages of the Russian platform and their stratigraphic 

significance. Trans. Inst. Geol. Sci. Acad. Sci. USSR, (Geol. Ser., 60), v. 143,204 pp. 

Neves, R. 1961. N'Lmurian plant spores from the southern Pennines, England. Palacontology, 

v. 4, no. 2, p. 247-279. 

Neves, R. 1964. Report of C. I. M. P. Working Group No. 5. Knoxisporites (Potonie & Kremp) 

Neves 1961. Compte Rendu, 5e Congres international de stratigraphie et de geologie 

carbonifere, v. 3, p. 1063-1069. 

Neves, R. and loannides, N. S. 1974. Palynology of the Lower Carboniferous (Dinantian) of 
the Spilmersford Borehole, East Lothian Scotland. Geological Survey of Great Britain, Bulletin 
45, p. 73-97. 

Newton, E. T. 1875. On Tasmanite and Australian white coal. Geological Magazine, v. 12, 

no. 8, p. 337-342. 

Obut, A. M. 1973. Sur la Distribution Geographique, La Mortphologie Corapam, pEcologie, 
La Phylogenie et la Position Systernatique des Chitinozaires. (0- Geograficheskom 

Rasprostranenii, Sravnitel' Noi Morfologii, Ekologii, Filogenii i sißtematicheskom 

314 



polozheniikhitinozoa). In: Betelhtina, 0. A. & Zhuravievea, 1. T. (Eds). L'eavironement et la 

Vie Au Cours des Temps Geologiques. p. 72-74. 

Ostenfeld, C. H. 1910. Halosphaera and Flagellata. Bull. Trimest. Resume Plankton. Cons. 

Perm. Int.. Explor. Mer., v. 1, p. 20-3 8. 

Ouyang Shu and Chen Yongxiang 1987. Miospore assemblages from the Devonian- 

Carboniferous transition in Jurong of southern Jiangsu with special reference to the geological 

age of the Wuntung Group. Memoirs of Nanjing Institute of Geology and Palaeontology, 

no. 23, p. 87-140. 

Owens, B. 1971. Miospores from the Middle and early Upper Devonian rocks of the western 
Queen Elizabeth Islands, Arctic Archipelago. Geol. Surv. Can. pap., 70 - 98,157 pp. 

Owens, B., Downie, C. and Reynolds, M. I. 1977. Micropalaeontology of the Devonian 

sediments. In: Stratigraphy of the Steeple Aston Borehole, Oxfordshire. Geological Survey of 

Great Britain, Bulletin 57, p. 28-40. 

Padilha de Quadros, L. 1986. Ocorrenicia de microfosseis (Acritarchae) Ordovieianos na Sub- 

BaeiadoAltoAmazonas, Brasil. B. toc. Petrobrs, RiodeJaneiro, v. 29, no. 3, p. 181-191. 

Padilha de Quadros, L. 1988. Zoneamento Bioestratigr fico do Paleozoico inferior e medio 

(Senao Marinha) da Bacia do Solimoes. Lower and Middle Paleozoic biostratigraphy (marine 

section) of the Solimoes Basin. Boletin de Geociencias da Petrobres, v. 2, no. 1, p. 95-1 10. 

Paris, F. 1976. Les Chitinozoaires in Les Schistes et Calcaires Eodevoniens de Saint-Cenere 

(Massif Armoricain, France). Sedimentologie, Paleontologic, Stratigraphie. Mem. Soc. Cool. 

Mineral. Bretagne, v. 19, p. 103-133. 

Paris, F. 1978. Distribution des Chitinozoaires dans I'Ordovicien Superieur du Synclinal de 

Bucaco (Portugal). Palinologia. Num. Ext. 1, p. 367-368. 

Paris, F. 1979a. Les Chitinozoaires de la Formation de Louredo, Ordovicien Superieur du 

Synclinal de Bucaco (Portugal). Paleontographica, Abt. A, v. 164, p. 24-5 1. 

Paris, F. 1980a. lAs Chitinozoaires in Les Schistes et Calcaires de l'Armorique (Devonien 

Inferieur, Massif Armoricain). Sedimentologie, Paleontologie, Stratigmphie. Mem. Soc. Geol. 

Mineral. Bretagne, Y. 23, p. 111-128. 

315 



Paris, F. 1980b. Les Chitinozoaires in LA Tranchee de la Lezais, Emsien Superieur du Massif 

Armoricain. Sedimentologie, Paleontologie, Stratigraphie, Mem. Soc. Geol. Mineral. Bretagne, 

v. 24, p. 52-82. 

Paris, F., 1981. Les Chitinozoaires dans le Paloozoique du Sud-Ouest de I'Europe (Cadre 

goologique-Etude systematique-Biostratigraphie). Mem. Soc. Geol. Mineral. Bretape, 26,496 

PP. 

Paris, F. 1988a. Late Ordovician and early Silurian Chitinozoans from central and southern 
Cyrenaica (Libya). In: A. El Arnauti, B. Owens and B. Ilium (Editors), subsurface 

palynostratigraphy of northeast Libya. Garyounis Univ. Publ., Benghazi, p 61-71. 

Paris, F., 1988b. New chitinozoans from the late Ordovician-late Devonian of Northeast Libya. 

In : A. EI-Amauti, B. Owens and B. lbusu. (Editors), subsurface palynostratigraphy of 

northeast Libya, Garyounis Univ. publ., Benghazi, p 73-87. 

Paris, F., 1989. Biostratiraphy of selected Silurian chitinozoan. In: Ch. Holland and M. 

G. Bassett (Editors), A global standard for the Silurian System. Nat. Mus. Wales. Geological 

Serie No. 9, p 280-284. 

Paris, F. 1990. The Ordovician chitinozDan biozones of the Northern Gondwanadomain. Rev. 

Palaeobot. Palynol. v. 66, p. 181-209. 

Paris, F. 1992. Application of chitinozoans in long-distance correlations. In: Webby, B. D. & 

Laurie, J. R. eds., Global perspectives on Ordovician Geology, p. 23-33. 

Paris, F. & Deunff, J. 1969. Decouverte dun Riche Microbiosa Acritarches et Chitinozoaires 

dans les Formations du Synclinorium Median (Massif Armoricain, Environs de Saint-Medard- 

sur-Ille). Presence de spores et de Scolecodontes. C. R. Acad. Sc., v. 269, p. 308-3 11. 

Paris, F. and Deunff, J. 1970. Le paleoplancton Uanvimien de la Roche-au-Merle (Commune 

de Vieux-Vy-sur-Couesnon, Ille-et-Vilaine). Bulletin de I& Societe geologique et mineralogique 

de Bretagne, ser. C, v. 2, no. 1, p. 25-43. 

Paris, F., Laufeld, S. & Chlupac, 1.1980. The Chitinozoa of the Type-Sections of the Silurian- 

Devonian Boundary, in Bohemia. Sver. Geol. Unders, p. 3-29. 

Paris, F., Richardson, J. B., Riegel, W., Streel, M. and Vanguestaine, M. l9gS. Devonian 

(Emsian-Famennian) palynomorphs. Joumal of Micropalaeontology, v. 4, no. 2, p. 49- 82. 

316 



Paris F. & Robardet M. 1978. Paleogeographie et Relations Ibero-Armoricaines au 
Paleozoique Ante-carbonifere. BuU. Soc. Geol. France (7), V. 19, p. 1121-1126. 

Paris, F. and Robardet, M., 1990. Early Palaeozoic palaeogeography of the varis= ]3elt. 

Tectonophysics v. 177, p. 193-213. 

Parke, M. 1966. The genus Pachysphaera (Prasinophyceae). In: Barnes, H. (ed. ). Some 

contemporary "ies in marine science, p. 555-563. 

Parke, M., Roalch, G. T., Jowett, R. & Harbour, D. S. 1978. Ile genus Pterosperma 

(Prasinophyceae): species with a single equatorial ala. J. Mar. Riol. Ass. U. K., v. 58, p. 239- 

276. 

Parke, M. & Hartog -Adams, 1.1965. Three species of Halosphaera. J. Mar. Biol. Ass. U. K., 

v. 45, p. 537-557. 

Pittau, P. 1985. Tremadocian (Early Ordovician) acritarchs of the Arburese Unit, southwest 

Sardinia (Italy). Bollettino della Societe paleontologica italiana, v. 23, no. 2, p. 161-204. 

Playford, 0.1962. Lower Carboniferous microfloras of Spitsbergen. Palaeontology, v. 5, 

no. 3, p. 550-618, pl. 78- 87.1963a. Miospores from the Mississippian Horton Group, eastern 

Canada. Geological Survey of Canada, Bulletin 107, p. 1-47. 

Playford, G. 1963b. Lower Carboniferous microfloms of Spitsbergen - part two. 

Palaeontology, v. 5, no. 4, p. 619- 678. 

Playford, G. 1965. Plant microfossils from Triassic sediments war Poatina, Tasmania. 

Geological Society of Australia Journal, v. 12, no. 2, p. 173-210. 

Playford, 0.1976. Plant microfossils from the Upper Devonian and Lower Carboniferous of 

the Canning Basin, Western Australia. Palaeontographica, Abt. B, v. 158, no. 1-4, p. 1-71. 

Playford, G. 1977. Lower to Middle Devonian acritarchs of the Moose River Basin, Ontario. 

Geological Survey of Canada, Bulletin 279, p. 1-87. 

Playford, 0.1978. Lower Carboniferous spores from the Ducabrook Formation, Drummond 

Basin Queensland. Palaeontographica, Abt. B, Y. 167, no. 4-6, p. 105-160. 

Playford, G. 1981. Late Devonian acritarchs from the Gneudna Formation in the western 

Carnarvon Basin, Western Australia. Geobios, v. 14, no. 2, p. 145-171. 

317 



Playford, G. and Dring, R. S. 1981. LAW Devonian acritarchs from the Carnarvon Basin, 

Western Australia. Special Papers in Palaeontology, no. 27, p. 1-78. 

Playford, G. and Martin, F. 1984. Ordovician acritarchs from the Canning Basin, Western 

Australia. Alcheringa, v. 8, p. 187-223. 

Playford, G. and Wicander, R. 1988. Acritarch palynoflora of the Coolibah Formation (Lower 

Ordovician), Georgina Basin, Queensland. In: P. A. Jell and G. Playford (eds. ), Palynological 

and Palaeobotanical Studies in Honour of Basil E. Balme. Association of Australasian 

Palaeontologists, Memoir 5, p. 5-40. 

Pocock, S. A. J. 1972. Palynology of the Jurassic sediments of Western Canada. Part H. 

Marine Species. Palaeontographica, Abt. B, v. 137, p. 85-153. 

Poumot, C. 1968. - Amphorachitina, Ollachitina, Velatachitina ; Trois Nouveaux Genres do 

Chitinozoaires de I'Erg Oriental (Algerie-Tunisie). Bull. Cent. Rech. Pau, v. 2, p. 45-55. 

Poumot, C. & van Oyen, F. H. 1968. Repartitiondes Chitinozoairs typiques (Document of the 

chitinozoan sub-commission, C. I. M. P. ). 

Pothe de Baldis, E. D. 1981. Paleomicroplancton y mioesporas del Ludloviano inferior de la 

Formacion Los Espejos en el perfil los azulejitos, en la Provincia de San Juan, Republica 

Argentina. Revistaespaeolademicropaleontologia, v. 13, no. 2, p. 231-265. 

Potonie, R. and Lele, K. M. 1959. Studies in the Talchir flora of India. 1. Sporae dispersae 

from the Talchir Reds of South Rewa, Gondwana Basin. The Palaeobotanist, v. 8, no. 1-2, p. 22- 

37. 

Potter, T. L. 1974. British Cambrian acritarchs -a preliminary acc: otmt. Review of 

Palaeobotany and Palynology, v. 18, no. 1-2, p. 61-62. 

Poumot, C. & Van Oyen, F. H. 1964. Repartition des Chitinozoaires typiques (document 

inteme sous-commission Chitinozoairs C. I. M. P. ) 

Priewalder, H. 1987. Acritarchen aus dem Silur des Cellon-Profils (karnische Alpen, 

esterreich). Abhandlungen der Geologischen Bundesanstalt, v. 40, p. 1-121. 

Rasul, S. M. 1976. New species of the genus Vulcanisphaera (Acritamha) from the 

Tremadocian of England. Micropaleontology, v. 22, no. 4, p. 479-484. 

318 



Rasul, S. M. 1979. Acritarch zonation of the Tremadoc Series of the Shineton Shales, Wrekin, 
Shropshire, England. Palynology, v. 3, p. 53-72. 

Rauscher, R. 1973. Recherches micropaloontologiques et stratigraphiques dans I'Ordovicien et 
le Silurian en France. etude des acritarches, des chitinozoaires et des spores. Sciences 

Geologiques, Universite Louis Pasteur de Strasbourg, Institut de geologie, Memoire 3 8, p. I- 

224. 

Reid, P. C. &John, A. W. G. 1981. A possible relationship between chitinozoa and tintinnids. 

Review of Palaeobotany and Palynology, v. 34, p. 251-262. 

Richardson, J. B. 1964. Middle Old Red Sandstone spore assemblages from the Orcadian basin, 

north-east Scotland. Palaeontology, v. 7, no. 4, p. 559-605. 

Richardson, J. B. and Lister T. R. 1969. Upper Silurian and Lower Devonian spore 

assemblages from the Welsh Borderlands and South Wales. Palawntology. v. 12, p. 201-252. 

Richardson, J. B. and McGregor, D. C. 1996. Silurian and Devonian spore zones of the Old Red 

Sandstone Continent and adjacent regions. Geol. Surv. Can. Bull., v. 364,79 pp. 

Richardson, I. B. and Rasul, S. M. 1978. PalYnOmorphs in Lower Devonian sediments from the 

Apley Ram Borehole, southern England. Pollen et Spores, v. 20, no. 3, p. 423-462. 

Richardson, J. B., Rasul, S. M. and Al-Ameri, T. 1981. Acritarchs, miospores and correlation 

of the Ludlovian-Downtonian and Silurian-Devonian boundaries. Review of Palacobotany and 

Palynology, v. 34, p. 209-224. 

Roche, E. 1933. Sur deux gisements fossiliferes dam le gre6 d'Ougarta (Confins algero- 

morocains du sud). C. R. somm. Soc. geol. Fr., v. 3, p. 30. 

Round, F. E. 1971. The taxonomy of the Chlorophyta H. British Phycological Journal, v. 6, 

p. 235-264. 

Sadeant W. A. S. 1968. Microplankton from the Upper Callovian. and Lower Oxfordian of 

Normandy. Revue doMicropalaeontologie, V-10, p. 221-242. 

Sadeant W. A. S. 1978. Aipylorus antiquus Calandra, emend., a dinoflagellate cyst from the 

Upper Silurian. Palynology, v. 2, p. 167-179. 

319 



Savornin, J. 1921. Observation sur le Paleozoique de Rabat (Maroc). C. R. Acad. Sci. Paris, 

172, p. 1587. 

Schallreuter, R. 1963. Neue Chitinozoen Aus Ordovizichen Gmhieben und Bemerkungen zur 

Gattung Illichitina. Palaeontologische Abh., v. 1, p. 392-405. 

Schaarschmidt, F. 1963. Sporen und Hystrichosphaerideen aus dem Zechstein von Budingen in 

derWetterau. Palaontographica, AbtB, v. 113, p. 38-91. 

Scotese, C. R. & Barrett S. F. 1990. Gondwana's movement over theSouth Pole during the 

Palaeozoic: evidence from lithological indicators of climate. In: W. S. McKerrow & C. R. F. 

Scotese (eds), Palaeozoic Palaeo-geography and Biogeography. Geological Soc. London, Mem. 

12, p. 75-85. 

Scotm, C. R. & McKeffow, W. S. 1990. In: McKerrow, W. S. & Scotm, C. R. ads. 

Palaeozoic Palaeogeography and Biogeography. Geol. Soc. London Mem. 12. 

Seagroves, K. L. 1967. Cutinized microfossils of probable nonvascular origin from the Permian 

of Western Australia. Micropalaeontology, v. 13, p. 289-305. 

Sinha, V. 1969. Some "scritarchs' and other microfossils from the Baraker Stage of the Lower 

Gondwanas, India. The Palawbotanist, v. 17, p. 326-33 1. 

Smelror, M. 1986. Early Silurian acritarchs and prasinophycean algae from the Ringerike 

District, Oslo Region (Norway). Review of Palaeobotany and Palynology, v. 52, p. 137-159. 

Smith, A. H. V. and Butterworth, M. A. 1967. Miospores in the coal seams of the Carboniferous 

of Great Britain. Special Pa4)ers in Palaeontology, no. 1, p. 1-324. 

Sommer, F. W. 1956. South American Palaeozoic sporomorphae without haptotypic- structures. 

Micropalacontology, v. 2, p. 17S-181. 

Sommer, F. W. and van Boekel, N. M. 1963. Some new Tasmanaceae from the Devonian of Par 

Anais da Academia brasileira de Ciencias, v. 35, no. 1, p. 61-65. 

Staplin, F. L. 1960. Upper Mississippian plant spores from the Golata Formation, Alberta, 

Canacla. Palaeontographica, Abt-B, v. 107, no. 1-3, p. 1-40. 

Staplin, F. L. 1961. Reef-controlled distribution of Devonian microplankton in Alberta. 

Palaeontology, v. 4, no. 3, p. 392-424. 

320 



Staplin, F. L., Jansonius, J. and Pocock, S. A. J. 1965. Evaluation of some acritarchous 
hystrichosphere genem. Neues Jahrbuch fer Geologie und Paleontologie, Abhandlungen, v. 123, 

no. 2 , p. 167-201. 

Steemans, P. 1985. Microflora. In: W. Rebske, Ch. Rebske, M. J. M. Bless, E. Paproth and P. 

Steemans, Over enkele fossielen uit de Klerf-Schichten (Onder-Emsien) bij Waxweiler (Eifel, 

B. R. D. ) en hun. leefinilieu. Nederlandse Goologische Vereniging, Grondboor en Hamer, no. 5, 

p. 149-154. 

Steemans, P. 1989. Etude Palynostratigraphiclue du Devonien Inferieur dans l'ouest de 

I'Europe. Mem. Expl. Cartes Goologiques et Minieres de I& Belgique, no. 27,453p. 

Stockmans, F. and Williere, Y. 1960. Hystrichospheres du Devonion belge (Sondage de l'Asile 

d'alieneseToumai). SenckenbergianaLethaea, v. 4l, no. 1-6, p. 1-11. 

Stockmans, F. and Williere, Y. 1962a. Hystrichosphom du Devonien belge (Sondage do 

I'Asile d'alienes e Tournai). Bulletin de la Societe belge do goologie, de paloontologie et 

d'hydrologie, v. 71, p. 41-77. 

Stockmans, F. and Williere, Y. 1962b. Hystrichospheres du Devonien belge (Sondage de 

Wepion). Bulletin de la Societe belge de geologie, de paleontologie et d'hydrologie, v. 7 1, no. 1, 

p. 83-99, pl. 1-2. 

Stockmans, F. and Williere, Y. 1963. Ies Hystrichospheres ou mieux les Acritarches du 

Silurien Belge. Sondage de la Brasserie Lust e Courtrai (Kortrijk). Bulletin de la Societe belge 

de geologie, de paleontologie et d'hydrologie, v. 71, no. 3, p. 450-481. 

Stockmans, F. and Williere, Y. 1969. Acritarches du Famannsen Inferieur. Academie royale 

des sciences, des lettres et des beaux artes de Belgique, Classe des sciences, Memoires, v. 38, 

no. 6, p. 1-63. 

Stockmans, F. and Williere, Y. 1974. Acritarches de ]a Tranchee de Senzeille (Frasnien 

superieur et Famennien inferieur). Acadernie royale des sciences, des lettres et des beaux artes 

de Belgique, Classe des sciences, Memoires, v. 41, p. 3-79. 

Streel, M., Higgs, K. lzboziak, S., Riegel, W. and Steeman , P., 1987. Spore stratigraphy 

and correlation with faunas and floras in the type marien Devonianof the Ardenne-Rhenish 

regions. Rev. palaeobot. Palynol., v. 50, p. 211-229. 

321 



Streel, M. and Loboziak, S. 1987. Nouvelle datation par miospore du Givetien-Frasnien des 

sediments non marins du sondage de Booischot (Bassin deCampine, Belgique). Bull. Soc. 

Gool. Belgique. v. % (2), p. 99-106. 

Streel, M. , Paris, F., Riegel, W. and Vanguestaine, M., 1988. Acritarch, chitinozoan and spore 

stratigraphy from the Middle and Upper Devonian subsurface of Northeast Libya. In : E. 

Arnaut, B. Owens et B 17husu. (Eds). Aspect of Northeast Libyan Biostratigraphy with emphasis 
on Palynomorphs. Gariounis Univ. Spec. Publ. 

Tappan, H. 1966 - Chitinozoan classification. J. Paleont., v. 40, p. 1394-1396. 

Tappan, H. 1980. The Paloobiology of Plant Protists. W. H. Freeman and Company, San 
Francisco, 1028p. 

Tappan, H. and Loeblich, A. R. 1971. Surface sculpture of the waIl in Lower Paleozoic 

acritarchs. Micropaleontology, v. 17, no. 4, p. 385-410. 

Taugourdeau Ph. 1961. Chitinozoaires du Silurien d'Aquitaine. Rev. Micropal., v. 4, p. 135- 

154. 

Taugourdeau Ph. 1962. Associations de Chitinozoaires dansquelques sondages de la region 
d'Edjele (Sahara) Rev. Micropal., v. 4, p. 229-236. 

Taugourdeau Ph. 1963. Etude de Quelques especes critiques de Chitinozoaires de la region 
d'edjele et complements a la faune locale. Rev. Micropal., v. 6, v. 130-144. 

TaugourdeauPh. 1966. Les Chitinozoaires, techniques d'etudes, morphologie et classification. 
Mem. Soc. Geol. France, n. ser., v. 45,64 p. 

Taugourdeau Ph. 1967. Neotypes de Chitinozoaires. Rev. Micropal., v. 9, p. 258-264. 

Taugourdeau Ph. & Jekhowsky B. (de) 1960. Repartition et description des Chitinozoires 

Silur-Devoniens de quelques Sondages de la C. R. E. P. S., de la C. F. P. A. et de la S. N. Repal au 
Sahara. Rev. Inst. Fr. Petrole, v. IS, p. 1199-1260. 

Taugourdeau Ph. & Magloire, L. 1964. Development interne et croissance chez quelques 
Chitinozoaires. Grans, Palynologica, v. 6, p. 128-146. 

322 



Taugourdeau Ph., Bouche, P., Combaz, A., Magloire, L., & Mille-pied, P- 1967. 

Microfossiles organiques du Paleozoique. Les Chitinozoaires. (1). C. I. M. P. Ed. du Centre 
National de la Recherche Scientifique, 96p. 

Timofeev, R. V. 1956a. Hysttichosphaeridae kembriya. Akademiya Nauk SSSR (Doklady 

FArth Science Sections), v. 106, p. 130-132. 

Timofeev, B. V. 1956b. 0 vozmste ortrozhskikh Sloev na Volyni i ikh polozhenii v razreze 

palaozoiskikh otlozenii. Akademiya Nauk SSSR (Doklady Earth Science Sections), v. 107, no. 6, 

p. 871-874. 

Timofeev, R. V. 1956c. Spory proterozoiskikh i rannepaloozoiskikh otlozhenii vostochnoi Sibiri 

i ikh stratigraficheskoe zaachenie. In: Trudy Mezhduvedomstvennogo Sobeshchaniya po 
Razrabotke Unifitsirovannykh Stratigraficheskikh Skhem Sibiri, Akademiya Nauk SSSR, p. 226- 

230. 

Timofeev, B. V. 1958. eber das Alter sechsischer Grauwacken Mikropaleophytologische 
Untersuchungen von Proben aus der Weesensteiner und Lausitzer Grauwacke. Geologie, v. 7, 

no. 3-6, p. 826-845. 

Timofeev, B. V. 1959. Drevneishaya flora Pribaltiki i ec stratigraficheskoe zaachenie. 
Vsesoyuznyi Neftyanoi Nauchao-Issledovatelsldi Geologorazvedochnyi Institut, Ixaingrad 

(VNIGRI), Trudy, no. 129, p. 1-136. 

Timofeev, B. V. 1966. Mikropaloofitologicheskoe issledovanie drevnikh svit. Akademiya Nauk 

SSSR, Isdatelskvo Nauka, Moskva, p. 1-147, pl. 1-89. Published English translation dated 1974 

by British Library - Lending Division, Yorkshire, England, 214 p. 

Tongiorgi, M., Albani, R. and Di Milia, A. 1984.7be Solamm Sandstones of central Sardinia. 

new paleontological data (acritarchs) and an attempt of geological interpretation (a post- 
Sardinian molasse? ). Societe geologique de France, Bulletin, 7e ser., v. 26, no. 4, p. 665-680. 

Tongiorgi, M., Di Milia, A., Stouge, S. and Bagnoli, G. 1988. Acritarchs from the Upper 

Cambrian-Lower Tremadocian section of Degerham. Road at Oeland, Sweden. Seventh 

International Palynological Congress, Brisbane, Australia, Abstracts, p. 164. 

Turner, R. E. 1994. Acritarchs from the type area of the Ordovician Caradoc Series, 

Shropshire, England. Palaeontographica, Abt. B, v. 190, no. 4-6, p. 87-157. 

323 



Turner, R. E. 1985. Acritarchs from the type area of the Ordovician Llandeilo Series, South 

Wales. Palynology, v. 9, p. 211-234. 

Turner, R. E. 1986. New and revised scritarch taxa from the Upper Devonian (Frasnian) of 

Alberta, Canada. Canadian Journal of Earth Sciences, v. 23, no. 5, p. 599-607. 

Turner, R. E. and Wadge, A. I. 1979. Acritarch dating of Arenig volcanism in the LAke 

District. Proceedings of the Yorkshire Goo&ogical Society, v. 42, part 3, no. 23, p. 405-414. 

Vail, P. R., Mitchum, R. M. & Thompson, S. 1977. Seismic stratigraphy and global changes in 

sea level, part 4: Global cycles of relative changes in sea level. In: Payton, C. E. (ed). 

A. A. P. G. Memoir 26. Seismic Stratigraphy: Application to hydrocarbon exploration, p. 83-97. 

Van Oyen, F. H. & Calandra, F. 1963. Note sur les Chitinozoaires. Rev. Micropal., v. 6, p. 13- 

18. 

Vangpestaine, M. 1978. Criteres palynostratigraphiques conduisant a la reconnaissance d'un pli 

couche revinien dans le sondage de Grand-Halleux. Annales de I& Societe geologique de 

Belgique, v. 100, p. 249-276. 

Vavrdova, M. 1965. Ordovician acritarths from central Bohemia. Vestnik Ustredniho Ustavu 

Geologickeho, v. 40, no. 5, p. 351-357. 

Vavrdova, M. 1966a. Mikroorganismy (Acritarcha) z Proterozoickych BulimikL Cech. 

Casopis Narodniho Muzoo, Oddil Prirodovedny, v. 13S, no. 2, p. 93-96. 

Vavrdova, M. 1966b. Palaeozoic microplankton from central Bohemia. Casopis pro 

Mineralogii a Goologii, v. 11, no. 4, p. 409-414. 

Vavrdova, M. 1972. Acritarchs from Klabava Shales (Arenig). Vestnik UstrednihO UstAvu 

Goologickeho, v. 47, p. 79-86. 

Vavrdova, M. 1973. New acritarchs from Bohemian Arenig (Ordovician). Vestnik Ustredniho 

Ustavu Goologickeho, v. 48, no. 5, p. 285-289. 

Vavrdova, M. 1976. Excystment mechanism of Early Paleozoic acritarchs (Mechanis 

excystaceuranepaleozoickychaMtanh). Casopis pro Mineralogii a Geologii, v. 21, no. 1, 

p. 55-64, pl. 1-4.1977. Acritarchs from the Sorka Formation (IJanvimian). Vestnik 

Ustredniho Ustavu Geologickeho, v. 52, p. 109-118. 

324 



Vavrdova, M. 1978. Nethromorphitae and some other acritarchs from the Bohemian Lower 

Ordovician. In: V. Pokorny (ed. ), Paleontologicke Konference Katedry Paleontologie na 
Prirodovedecke F"te Univerzity Karlovy, Praha, p. 61-74. 

Vavrdova, M. 1982a. Recycled acritarchs in the uppermost Ordovician of Rohemist 

(Redeponovan akiitarcha v nejvyssim ceskem Ordoviku). Casopis pro Minemlogii a Geologii, 

v. 27, no. 4, p. 337-345. 

Vavrdova, M. 1982b. Phytoplankton communities of Cambrian and Ordovician age of central 
Bohemia. Vestnik Ustredniho Ustavu Geologickeho, v. 57, no. 3, p. 145-155. 

Vavrdova, M. 1994. Some plant microfossils of possible terrestrial origin from the Ordovician 

of central Bohemia. Vestnik Ustredniho, Ustavu Geologickeho, v. 59, no. 3, p. 165-170. 

Vavrdova, M. 1986. New genera of acritarchs from the Bohemian Ordovician (Nove rody 

akritamhzCeskehoOrdoviku). Casopis pro Mineralogii a Goologii, v. 31, no. 4, p. 349-359. 

Vavrdova, M. 1990. Coenobial acritarchs and other palynomorphs from the Arenig\Llanvim 

boundary, Prague basin. 

Volkova, N. A. 1988. New species of acritarchs from the Lower Tremadocian of Estonia. In: 

A. F. Chlonova (ed. ). Palynology in the U. S. S. R. Papers of the Soviet Palynologists to the VII 

International Palynological Congress, Brisbane, Australia, 1988, p. 79-82. 

Wall, D., Dale, B., Lohmann, G. P. & Smith, W. K. 1977. The environmental and climatic 
distribution of dinoflagellate cysts in modem marine sediments from regions in the North and 

South Atlantic Oceans and adjacent seas. Marine Micropalaeontology, v. 2, p. 121-200. 

Wetzel, 0.1933a. Die in organischer Substanz erhaltenen Mikrofossilien des baltischen Kreide- 

Feuersteins mit einem sediment-petrographischen und stratigraphischen Anhang. 

Palaeontographica, Abt. A, v. 77, p. 141-186. 

Wetzel, 0.1933b. Die in organischer Substanz erhaltenen Mikrofossilien des baltischen 

Kreide-Feuersteins mit einem sediment-petrographischen und stratigraphischen Anhang. 

palaeontographica, Abt. A, v. 78, p. 1-110. 

Wetzel, W. 1967. Charakteristik des marinen Planktons im untersten Ordovizium (B3). Der 

Geschiebesammler, v. 2, no. 2, p. 35-50. 

325 



Whelan, G. M. 1988. Preliminary acritarch and chitinozoan distribuitions across the 

Ordovician-Silurian boundary stratotype at Dob's Linn, Scotland. Bull. Br. Mus. Nat. Hist. 

(Gool), v. 43, p-41-44. 

White, H. H. 1842. On fossil Xanthidia. Microscopical Journal, London, v. 11, p. 35-40. 

Wifte, H. H. 1844a. On fossil Xanthidia. Microscopical Society of London, Transactions, v. 1, 

p. 77-86. 

V; Wte, H. H. 1844b. On a new species of fossil Xanthidiwn. Microscopical Society of London, 

Transactions, Y. 1, p. 87. 

Wicander, E. R. 1974. Upper Devonian-Lower Mississippian acritarchs and prasinophycean 

algae from Ohio, U. S. A. Palaeontographica, Abt. B, v. 148, no. 1-3, p. 9-43. 

Wicander, E. R, 1978. The type species of the acritarch genus Pustulisphaeridium Wicander, 

1974. Journal of Paleontology, v. 52, no. 3, p. 716. 

Wicander, E. R. 1983. A catalog and biostratigraphic distribution of North American Devonian 

acritarchs. American Association of Stratigraphic Palynologists, Contributions Series, no. 10, 

p. 1-133. 

Wicander, E. R. 1986. Lower Devonian (Gedinnian) acritarchs from the Haragan Formation, 

Oklahoma, U. S. A. Review of Palaeobotany and Palynology, v. 47, no. 3/4, p. 327-363. 

Wicander, E. R. and Loeblich, A. R. 1977. Organic-walled microphytoplankton and its 

stratigraphic significance from the Upper Devonian Antrim Shale, Indiana, U. S. A. 

Palaeontographica, Abt. B, v. 160, no. 4-6, p. 129-165. 

Wicander, E. R. and Playford, G. 1985. Acritarchs and spores from the Upper Devonian Lime 

Creek Formation, Iowa, U. S. A. Micropaleontology, v. 31, no. 2, p. 97-138. 

Wicander, E. R. and Wood, G. D. 1981. Systematics and biostratigraphy of the organic-walled 

microphytoplankton from the Middle Devonian (Givetian) Silica Formation, Ohio, U. S. A. 

American Association of Stratigraphic Palynologists, Contributions Series, no. 8, p. 1-137. 

Wilson, L. R. & Hedlund, R. W. 1964. - Calpichitina scabiosa, a New Chitinozoan from the 

Sylvan Shale (Ordovician) of Oklahoma. Oklahoma Geol. Notes, v. 24, p. 161-164. 

326 



Wilson, L. R. & Hedlund, R. W. 1971. Electron microscope studies of the marine 
palynomorph Quisquilites. Micropaleontology, v. 17, no. 2, p. 239-243. 

Wilson, L. R. and Urban, J. R. 1963. An incertae sedis palynomorph from the Devonian of 
Oklahoma. Oklahoma Geology Notes, v. 23, no. 1, p. 16-19. 

Wilson, L. R. and Urban, J. B. 1971. Electron microscope studies of the marine palynomorph 
Quisquilites. Micropalaeontology, v. 17, p. 239-243. 

Winslow, M. R. 1962. Plant spores and other microfossils from Upper Devonian and Lower 

Mississippian rocks of Ohio. United States Geological Survey, Professional Paper, no. 364, 

p. 1-93. 

Wood, G. D. 1974. Chitinozoa of the Silica Formation (Middle Devonian, Ohio) : Vesicle 

Ornamentation and Paleoecology. Mich. State Univ., Museum Publ., Paleont. Series. v. 1, (4), 

p. 127-162. 

Wright, R. P. 1976. - Occurence, stratigraphic distribution and abundance of Chitinozoa from 

the Middle Devonian Columbus limestone of Ohio. Ohio. J. Sc., v. 76, p. 214-224. 

Wright, R. P. 1978. - Biogeography of Middle Devonian Chitinozoa of the Midwestern United 

States. Palinologia, Num. Extr. 1, p. 501-505. 

Wrona, R. 1980. Upper Silurian-Lower Devonian chitinozoa from the subsurface of 

southeastern Poland. Palaeontologica. Polonica, v. 25, p. 103-165. 

Young, T. P. 1989. Eustatically controlled ooidal ironstone deposits: facies relationships of the 
Ordovician open-shelf ironstones of Western Europe. In: Young, T. P. & Taylor, W. E. G. eds. 
Phanerozoic Ironstones. Geol. Soc. Spec. Publ. no. 46, p. 51-63. 

Ziegler, A. M., C. R. Scotese, W. S. McKerrow, M. E. Johnson & R. K. Bambach 1979. 
Palaeozoic palaeogeography. Ann. Rev. Earth Plant. Sci. v. 7, p. 473-502. 

327 


