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ABSTRACT

This thesis docum ents and analyses the d istribution o f acritarchs, prasinophyte algae and 

palynofacies at the basal stratotype o f the Ludlow  Series (Silurian) at Pitch Coppice Quarry, Ludlow, 

Shropshire, and the nearby Goggin Road section.

Ten new species are erected; C ym atio sphaera  law sonii, C ym atio sphaera  m u ltic r is ta , 

C ym a tio sp h a e ra  p a u c im em b ra n a , C ym a tio sp h a era  tr iangu la , B a lt is p h a e r id iu m  ? s p in a tu m , 

Buedingiisphaeridium reticulum, Glyptosphaera heltaskelta, Gorgonisphaeridium  ? listeri, Leptobrachion 

digitatum  and Pulvinosphaeridium  dorningiv, 31 new species are described in open nomenclature. The 

diagnoses o f P sen o to p u s, P seno topus chondrocheus, C ym atiosphaera  octop lana , D o rsen n id iu m  

e u r o p a e u m ,  D o rs e n n id iu m  r h o m b o id iu m , E u p o ik ilo fu sa  f i l i f e r a ,  E v ittia  ro b u s tisp in o sa ,  

Pulvinosphaeridium  oligoprojectum, Schismatosphaeridium  rugulosum  and Veryhachium trisphaeridium  

are em ended. Six new com binations are proposed; Com asphaeridium  brevispinosum , D orsennid ium  

po lygona le , D orsennid ium  w enlockianum , E vittia  aculeata, E vittia  alm arada, G orgonisphaerid ium  

citrinum.

The ranges o f Buedingiisphaeridium pyramidale  and Neoveryhachium mayhillense are extended, 

producing an overlap between biozones W3 and L I o f D om ing (1981a). B iozone L2 may, possibly, be 

recognised by G. ? listeri 78.4m above the series boundary (M iddle Elton Formation). Zone 6 (Gorstian- 

Ludfordian stages) of M artin (1989) is identified by Percultisphaera stiphrospinata (+83.5m, M iddle Elton 

Formation). Potentially im portant taxa for future biostiatigraphic research are highlighted and these may 

be used to refine the existing biostiatigraphic schemes.

The palynofacies analysis undertaken identifies a W enlock-Ludlow  series boundary event 

correlating w ith the 9^%  event of Corfield et al. (1992). Transgression induced reworking, concentrating 

12c rich organic matter, is proposed as the cause. Between Pitch Coppice and Goggin Road this event is 

diachronous. Individual taxa, w hich occur through the section in >80% of sam ples, are grouped by 

cluster analysis. These groups, and the distribution o f rarer taxa, are related to the palynofacies analysis, 

and a series of events aie proposed (fluctuations in sea-level, maiine/terrestiial productivity, sedimentation 

rates, palaeoenvironment, palaeoceanography) These events are compared to eustatic and climatic/oceanic 

models.
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CHAPTER 1

INTRODUCTION

RESEARCH AIM S

1). To collect high density samples across the W enlock-Ludlow series boundary and through the earliest 

Ludlow Series in the type area and to process these samples for the recovery o f palynomoiphs.

2). To evaluate the application o f previous biostratigraphic schemes, based on acritarchs and prasinophyte 

algae, in the type area.

3). To exam ine w hether higher resolution biostratigraphy is possible using acritarchs and prasinophyte

4). To exam ine the distribution o f palynodebris, acritarchs and prasinophyte algae. To use this data to infer 

aspects o f the latest W enlock-earliest Ludlow  palaeoenvironm ent and to exam ine the applieability o f the 

eustatic (e.g. Johnson et al. 1991) and clim atic/oceanic (P & S o f Jeppsson 1990) m odels in explaining 

patterns o f palaeoenvironmental change.

THESIS STRUCTURE

CHAPTER 1. Introduction. This chapter includes general infoim ation on the geology o f the type area, a brief 

history o f research, the stratigraphy and list o f localities. It also includes inform ation on the extraction 

technique used for recovery o f palynom oiphs, a b rie f résum é of im portant and recent developm ents in 

acritareh classification, and inform ation on the term inology and general m orphology o f acritarchs and 

prasinophyte algae.

CHAPTER 2. Systematics. In accordance with generally accepted principles the acritarehs and prasinophyte 

a lgae are lis ted  a lphabetically  (prasinophytes first). This chapter is w ritten  in  the sty le o f the  

Palaeontographical Society M onographs.

C H A P T E R  3. B iostratigraphy. This chap ter exam ines the fossil groups tha t have been used  in 

biostratigraphy in the late W enlock-early Ludlow series, listing details o f their occurrences and applicability 

in the type area. M ore im portantly this chapter deals w ith the recognition o f previously erected local and 

global acritareh and prasinophyte biostratigraphic schemes and the implications for such schemes o f new 

research, w hich includes this study. The chapter also details the stratigraphie distribution o f acritareh and 

prasinophyte algal taxa in the present study, highlighting those that are considered to be o f potential future 

im portance in local and global biostratigraphy. This chapter is written in the style o f the Palaeontographical 

Society M onographs.



CHAPTER 1

CHAPTER 4. Palynofacies analysis. A  combination o f a detailed palynofacies analysis and a detailed analysis 

o f the distribution o f individual acritareh and prasinophyte algal taxa has been used to infer aspects o f the 

palaeoenvironm ent over the W enlock-Ludlow  series boundary and through the earliest Ludlow  Series. 

Results have been com pared to models that have been proposed to explain the changes observed in facies, 

flora and fauna (eustatie - Johnson et al. 1991, clim atic/oeeanic (P & S) - Jeppsson 1990). This chapter is 

written in the style o f the Journal o f Geologieal Society, London.

GEOLOGICAL SETTING

The Ludlow area, Shr opshire, forms part o f a continuous NE-SW  outcrop o f Silurian rocks which 

extends from  M ueh W enlock, Shropshire, to the M arloes Peninsula, Pembrokeshire (Text-fig. 1.1). A round 

Ludlow, sediments from the Coalbrookdale Formation (W enlock Series) to Ledbury Formation (Prrdolt 

Series) are folded into an asymmetrical anticline, plunging ENE (Text-fig. 1.2).

CHRONOSTRATIGRAPHY

The W enlock and Ludlow series are the second and third series of the Silurian, w ith the international 

stratotype for the base o f the Ludlow Series being defined at Pitch Coppice Quarry (SO 4723 7298, Text-fig. 

1.2), M ortim er Forest, Ludlow, Shropshire (Holland et al. 1963, Holland 1980).

The W enlock Series is divided into the Sheinwoodian and Homerian stages. A t Ludlow the latest 

Sheinw oodian and earliest Hom erian stages are represented by the C oalbrookdale Form ation, the base o f 

w hich is not observed. The la test H om erian Stage is represented by the M uch W enlock L im estone 

Form ation.

The Ludlow Series is divided into the G orstian and Ludfordian stages. The base o f the Gorstian 

Stage is coincident w ith that o f the Ludlow Series, and the stage is represented at Ludlow  by the Lower, 

M iddle and Upper Elton foim ations and the Lower and Upper Bringewood formations (Holland 1980, Holland 

e t al. 1980). The Ludfordian Stage has its base defined at Sunnyhill Quaixy (SO 4950 7255, Text-fig. 1.2), 

M ortim er Forest, Ludlow, and is represented there by the Low er and Upper Leintwardine formations and the 

Low er and Upper W hiteliffe formations (Holland 1980, Holland et al. 1980).

The top o f the Ludfordian stage, and the Ludlow Series, is defined at the base o f the Prrdolr Series in 

the Barrandian area, Czech Republic (Krrz 1989, p. 69). W ork on ostracods arrd conodonts indicates that the 

base o f the Prrdolt Series in the W elsh B orderland occurs at the base o f the D ow nton Castle Sandstone 

Form ation, D ownton Group (Siveter 1978, 1989; M iller 1995). The stratotype section for the base o f the 

Downton Group is located at Ludford Corner, Ludlow (SO 5124 7413, Text-fig. 1.2).

LITHOSTRATIGRAPHY

A  deseription o f the typical lithologies o f the Ludlow  Area is given below  (after H olland et al. 

1963, W hite & Lawson 1989).
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The poorly exposed Coalbrookdale Formation comprises soft, olive grey, calcareous silty mudstones 

and shales, w ith rare nodular lim estone bands. Lim estone bands gradually becom e m ore com m on upwards, 

and the Coalbrookdale Formation passes into the M uch W enlock Limestone Formation.

Above the W enlock-Ludlow series boundary the lim estone bands becom e less com m on, w ith the 

Low er Elton Form ation being dom inated by soft, olive, calcareous silty mudstones. A t the Low er/M iddle 

Elton form ation boundary there is a rapid transition to light grey, conchoidally fractured siltstones, and a 

change from  a brachiopod to graptolite/orthocone dom inated fauna. H igher in this form ation, calcareous 

siltstones occur and these dominate in the Upper Elton Formation. The developm ent o f shell and lim estone 

bands and thick, irregularly bedded, calcaieous siltstones marks the base o f the Low er Bringewood F om ation . 

N odular lim estones give way abruptly to olive grey, calcareous siltstones and shelly limestones at the base of 

the L ow er Leintw ardine Form ation. The U pper Leintw ardine Form ation represents a transitional unit 

between the Low er Leintw ardine and Low er W hiteliffe formations. It com prises irregularly bedded, light 

olive grey, calcareous siltstones with decalcified shelly layers. M assive calcareous siltstones with conchoidal 

or blocky fracturing identify the base o f the Lower W hiteliffe Formation and these pass hansitionally into the 

well bedded, olive siltstones w ith common shell and rare slump bands o f the U pper W hiteliffe Formation.

The base o f the Prfdoli Series, and D ow nton Castle Sandstone Form ation, is identified by the 

Ludlow  Bone B ed M em ber (ripple lam inated and lenticular siltstones, interbedded w ith sands containing 

vertebrate fragments). The <2 m  intertidal, laminated, olive mudstones and siltstones w ith vertebrate sands 

o f the overlying Platychism a Shale M em ber are succeeded by the Sandstone M ember, a yellow, fine grained, 

cross bedded, channelled, well sorted sandstone. The Ledbury Form ation com prises red m udstones and 

siltstones w ith pedogenic carbonates, cross bedded sandstones and rare inhaform ational conglom erates and 

tuffs.

The geology o f the Ludlow Area is covered by the 1:25,000 Leintw ardine-Ludlow  special sheet 

(parts o f SO 47 & 57) and the 1:50,000 Ordnance Survey Sheet 137, Ludlow and W enlock Edge.

PREVIOUS RESEARCH

The first modern, detailed analysis o f the W enlock and Ludlow series o f the Ludlow type area was 

com pleted by H olland et al. (1963), who also outlined a b rief history o f research in the W elsh Borderland 

back to 1832. The Ludlow rocks o f the Ludlow D istrict have been further described by Lawson (1973b), 

W hite & Lawson (1978), Siveter e t al. (1989) and Lawson & W hite (1989). O ther im portant areas, situated 

close to Ludlow, are the Leintwardine area, 11 kms W  of Ludlow (W hitaker 1962, Siveter et al. 1989); the 

W igm ore Rolls area, 13 kms W SW  of Ludlow  (W hitaker 1994); the A ym estry area, 13 kms SSW  of 

Ludlow (Lawson 1973a, Siveter et al. 1989); and the Craven Arms-M uch W enlock area, 11-27 kms NE- 

NN W  of Ludlow (Shergold & Shirley 1968, Shergold & Bassett 1970, Siveter e ta l. 1989).

The standard Silurian series are fully described in Holland & Bassett (1989 and references therein), as 

are reviews o f Silurian fauna and flora and aspects o f global Silurian geology. Palaeogeographic maps for the 

W enlock and Ludlow series (Text-figs. 1.3-1.4) have been produced by Siveter et al. (1989) and Bassett et al.
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(1992). The sequence sRatigraphy, plate tectonics and structural geology o f W ales and the W elsh Borderland 

is outlined in W oodcock (1984, 1990), W oodcock & Gibbons (1988) and Soper & W oodcock (1990).

LOCALITIES

Two localities in the Ludlow type area have been sampled for the recovery o f palynomoiphs:

PITCH COPPICE QUARRY. (SO 4723 7298); Text-figs 1.2, 1.5; Holland e ta l.  1963, Law son & W hite 

1989, Siveter et al. 1989. A disused quarry approximately 4.5 km W SW  of Ludlow. This section displays a 

transitional boundary between nodular and poorly bedded limestones (Much W enlock Lim estone Formation, 

W enlock Series) and calcareous silty m udstones (Low er Elton Form ation, Ludlow  Series). This is the 

international stratotype, w ith the base o f the Ludlow  Series, Gorstian Stage and Low er Elton Form ation 

being defined 0.23 m  below a prom inent bentonite horizon in the Low er Elton Form ation (H olland e t al. 

1963, p. 139-141, fig. 11).

GOGGIN ROAD (SO 4720 7189-SO 4765 7170); Text-figs 1.2, 1.6, 1.7a-c; section A  o f W hite & Lawson 

1978, B assett e t al. 1979, Siveter et al. 1989. A  series o f forestry track side exposures and tem porary 

trenches in  M ortim er Forest, approxim ately 1 km  south o f P itch Coppice Quarry. The trenches were 

excavated, and the low er part o f the section cleaned (G 0G 1-G 0G 7), in Septem ber-O ctober 1992 for the 

purpose o f this study. W hen sam pled there was a near continuous exposure from  the top o f the M uch 

W enlock Lim estone Formation to the base o f the Lower Bringewood Formation.

The succession across the W enlock-Ludlow series boundaiy (Trench 1) is nearly identical to that at 

Pitch Coppice Quarry, but no longer exposed. There is a transitional boundary between nodular limestones 

(M uch W enlock  L im estone Form ation) and calcareous silty  m udstones (L ow er E lton  Form ation). 

A pproxim ately 0.22m  above the boundary a thin bentonite horizon occurs and for roughly 0.8m above the 

boundaiy no lim estone bands or nodules are recorded (Text-fig. 1.7a); above this numerous lim estone bands 

and nodules occur. W hite & Law son (1978) identified this la ter level as part o f the M uch W enlock 

Lim estone Form ation and originally placed the M uch W enlock Lim estone-Lower Elton form ation boundary 

above this very calcareous level, approximately 11m ahove the formation boundary identified herein (Text- 

fig. 1.6).

TECHNIQUES

PALYNOLOGICAL PROCESSING. A pproxim ately 50g o f washed, crushed, dried sam ple was placed in  a 

polypropylene heaker. Carbonates were dissolved using hydrochloric acid (c. 30%). Samples were washed 

three times. Hydrofluoric acid (c. 40% ) was added to dissolve silicates, and samples w ere regularly stirred 

over several days. Samples were washed three times. Fluorides produced during this stage were dissolved 

using warm  hydrochloric acid, and three tablets of Lycopodium  spores, for quantitative analysis, were added at 

this time. After washing and neutralising, samples were rem oved from the fume cupboard and sieved at 10
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jam. Undigested fragm ents o f rock were dried, weighed and the result subtracted from  the original weight. 

The organic fraction was concentrated by centrifuging the residue at 2400 rpm  in  sodium  polytungstate 

(SG=2.0). Residue was added to a centrifuge tube and excess w ater tipped o ff after settling. Sodium  

po ly tungsta te  was added and the sam ple m ixed slow ly to avoid dam aging the palynom orphs. A fter 

centrifuging, the organic fraction was tipped o ff and washed in a 10 pm  sieve w ith deionised water. The 

organic residue was then pipetted into a vial for mounting.

W ell m ixed sample was pipetted into a drop o f cellosize dispersant on a coverslip (22 x 22m m ). 

The residue was mixed with tire dispersant, spread evenly over the coverslip and dried slowly to avoid particle 

clumping. Four coverslips were m ade for each sample and attached to glass slides with petropoxy adhesive.

For scanning electron m icroscope (SEM ) work, nickel grids, to enable specim en relocation, were 

attached to circular coverslips (x l6m m ) w ith petropoxy. W ell mixed palynological residue was pipetted into 

a small am ount o f cellosize dispersant, spread to cover the grids and dried slowly. Coverslips were attached, 

using dental wax, to 12.5 m m  Cam bridge SEM  stubs. A  sputter coater (30-90 seconds) added a thin layer o f 

gold and, to avoid chaiging, graphite paint was applied to jo in  the metal stub and gold coated surface. After 

use in the SEM  coverslips were m ounted on glass slides w ith petropoxy and the stub rem oved. Specimens 

could then be re-examined under transmitted light.

PHOTOGRAPHY. Light m icrophotographs were taken on either a Zeiss photom icroscope (under norm al 

transm itted light) or Leitz A ristoplan photom icroscope (using D ifferential Interference Confrast - DIC). In 

the plate descriptions those photomicrographs taken w ith the Leitz Aristoplan are indicated by (DIC) after the 

m agnification. Photom icrographs were taken on Ilford 35m m  Pan F (ISO 50, din 18). Scanning electron 

microphotographs were taken on a Hitachi S-520, at 15-20 kv, using Ilford 120 HP5 (ISO 400, din 27).

ACRITARCH AND PRASINOPHYTE ALGAL CLASSIFICATION

The inform al group A critarcha Evitt (1963) is a polyphyletic group o f  generally Palaeozoic, 

eukaryotic, unicellu lar, organic w alled m icrofossils o f uncertain affinities. M ost are probably  algal 

(?phytoplanktonic) cysts (M artin 1993, Colbath & Grenfell 1995) and recent m olecular studies have strongly 

indicated that some acritarchs are tire phylogenetic precursors o f dinoflagellates (M oldowan et al. 1996).

Som e acritarchs have been related to oom ycete fungi (Pirozynski 1976). C olhath & G renfell 

(1995, p. 303) also considered a fungal origin for som e acritarchs a possibility; they stated, however, that 

current morphological and chem ical evidence suggested that the majority o f acritarchs were not fungal. The 

claim  that som e acritarchs (e.g. H o eg k lin tia  D om ing 1981a) were cysts o f possibly benthic thallose 

m acroalgae (D om ing 1981a) was regarded as unproven by Colbath & Grenfell (1995), who stated that thèse 

taxa had little resemblance to the m odern disseminules o f macroalgae. The genus M oyeria  Thusu (considered 

a jun io r synonym  of E upoikilo fusa  herein) has been suggested to he a euglenid pellicle (Gray & B oucot 

1989). The identification o f triaiom atic dinosteroids in samples from the Preeam brian to Triassic indicates 

that som e acritarchs were the evolutionaiy precursors o f dinoflagellates (M oldowan e ta l. 1996). Triarom atic 

dinosteroids are derived from  dinosterols, com pounds that are known in m odern organism s to be alm ost
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exclusive to dinoflagellates, and their frequency through tim e approxim ately correlates w ith the relative 

frequency o f acritarch and dinoflagellate species (M oldowan et al. 1996, fig. 2c).

Acritarchs are treated under the Botanical Code o f Nomenclature (Deflandre 1936b, D ow nie et al. 

1961, 1963) and a m ore com plete historical classification was outlined by M artin (1993). M orphological 

characteristics are used to classify the acritaichs (see Tappan 1980), but the value attached to each character 

varies from  author to author. Acritarch genera are listed alphabetically herein (e.g. C ram er & Diez 1972; 

Loeblich 1970), a scheme that has general acceptance over aitificial classifications (e.g. D ownie e ta l. 1963, 

Eisenack 1969, Downie 1973).

The definition of a series o f clades was considered prefatory to the introduction o f a natural, Linnaean 

classification by Colhath & Grenfell (1995, p. 308). They proposed three clades (Baltisphaeridium  Eisenack, 

Peteinosphaerid ium  Staplin et al. and Cym bosphaeridium  Lister), concentrating on those taxa that can be 

obviously grouped together by their wall structure and excystm ent mechanisms. The C ym bosphaeridium  

clade was likened very strongly to dinocysts, but the lack o f a demonstrated paracingulum  or paratabulation 

maintains their exclusion (Colbath & Grenfell 1995, p. 310).

TERMINOLOGY

Details o f the position o f the m easurements that are referred to in the systematics section are given 

in Text-fig. (1.8); glossaries o f terms may be found in Lister (1970, p. 24-26), Eisenack et al. (1973, p. 9- 

18, figs 2a, b, 3 or 1976, p. XV-XXIV, figs2a, b, 3). Colbath & Grenfell (1995, p. 306, pi. 8) have listed 

and illustrated the types o f excystment openings present in Palaeozoie acritaiehs.

SYNONYM Y LISTS

The annotations used in the synonymy lists are those o f M atthews (1973). Details o f the authors 

who have originally proposed synonym ies that are not explained herein can be found in Fensom e e t al. 

(1990).

REPOSITORIES

Specimens illustrated herein are temporarily deposited in the Department o f Geology, University o f 

Leicester, UK.



Text-fig, 1.8. Examples of the positions of measurements referred to in 
Chapter 2 (systematics section). T = Total length/diameter; VL =
Vesicle le^ th ; VW = Vesicle width; V = Vesicle diamter; PL = Process 
length; P0b = Process diameter base; P 0  = Process diameter; PN = 
Process number; M = Membrane height; F = Field width; FL = Flange 
width; W = Wall thickness; OH = Ornament height.
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SYSTEMATIC PALAEONTOLOGY

Class PRASINOPHYCEAE Christensen 1962 
Order Chlorodendrales Fritsch 1917 

Family Halosphaeraceae Haekel 1894

Genus Cymatiosphaera O.Wetzel 1933b ex Deflandre 1954

1933b Cymatiosphaera  n. gen.; O.W etzel, p. 24, pi. 4, fig. 8 (invalid under I.C.Z.N. article 13b 

according to Playford 1977, p. 16)

1954 Cymatiosphaera O.W etzel emend.; Deflandre 1954, p. 257.

1963 Cymatiosphaeropsis; M adler, p. 355. (according to Playford 1977, p. 16).

Type Species. By subsequent designation, Cymatiosphaera radiata O .W etzel 1933b, p. 27, pi. 4, 

fig. 8; from  the Baltic, Cretaceous-Paleocene.

D iagnosis . (T ranslated from  D eflandre 1954, p. 257.). “V esicle o f organic m atter, often 

brow nish, globular (spherical-ellipsoidal) w ith the external surface divided into polygonal fields by 

m embranes perpendicular to the surface; points o f junction of membranes (corner o f polygons) generally 

thickened and give, in lateral view, the im pression o f rods or small columns; no system  o f equatorial 

differentiation o f fields; no horns or spines; margin o f membranes often shaip and paiallel to the surface 

o f the vesicle, sometimes a little concave, possibly serrated or corroded; surface o f the vesicle smooth, 

punctate, or w ith granulations; dimensions variable between a few p. and a few tens o f p, sometimes over 

lOOp crests included.”

Remaries. The genera Dictyotidium, M elikeriopalla, M uraticavea  W icander 1974, Polyedrixium  

and P terosphaerid ia  M adler 1963 are all sim ilar to C ym atiosphaera. Fields generally form ed by low 

ridges, not membranes, distinguish Dictyotidium', M elikeriopalla  (as applied herein) has fields form ed by 

low ridges, which possess a small node or pore in  their centee; M uraticavea  has fields form ed by folding 

o f the vesicle wall; Fim briaglom erella  (a possible jun io r synonym) has a com plete rupture type o f 

excystm ent opening; Polyedrixium  has an indistinct vesicle-menrbrane contact and crenulate m embranes 

which can extend into processes. Although m orphologically aldn to Cymatiosphaera, the vesicle w all o f 

Pterosphaeridia  possesses pore canals (Playford 1977, p. 16).

Cymatiosphaeropsis was originally separated from  Cymatiosphaera  by the presence o f sculptural 

elem ents on the vesicle surface; this was considered to be o f interspecific im portance only by Playford 

(1977, p. 16), who transferred the type species to Cymatiosphaera. Other species o f Cymatiosphaeropsis 

have been transferred to Cymatiosphaera, though from a cursory examination some o f these transfers m ust 

be questioned as the morphology of several taxa do not appear- typical of cymatiosphaerids.
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C y m a tio sp h a e ra  aff. c o rn ife ra  D eunff 1955 PI. 1, figs 1-2; PI. 9, figs 1-2.

aff 1955 Cymatiosphaera cornifera  n. sp.; Deunff, p. 147, fig. 23.

aff 1977 Cymatiosphaera cornifera D eunff 1955; Playford, p. 17, pi. 4, figs 4-14.

1989 Cymatiosphaera cornifera  Deunff; Le Hérissé, p. 73, pi. 1, figs 11-13, 18-20. 

aff 1990 Cymatiosphaera cornifera D eunff I955a\ Fensome et «/., p. 169 (no fig.).

Holotype. D eunff 1955, fig. 23; from  the M iddle Devonian, Canada.

D iagnosis. (Translated from  D eunff 1955, p. 147.). “Vesicle spherical w ith diam eter o f 15|J.. 

Surface divided into polygonal fields partitioned by m embranes o f 5fi in height. Each polygonal field 

possesses, in the centre, a short spine o f height 2 |0..“

D escrip tio n . V esicle spherical, finely reticulate, w ith low  m em branes giving an overall 

polygonal, rarely subcirculai', outline. M embranes define rectangular and polygonal fields, at the centre of 

which, short projections can occur; these projections are generally simple spines, though linear ridges 

and groups o f numerous projections can occur. The number o f projections varies between individuals; on 

some specimens they are completely lacking, w hilst others may only possess a few in some of the fields. 

Excystm ent by rupture o f vesicle wall; specimens w ith thickened lips and unornam ented ruptures have 

been found.

Dimensions. V=13-18p.m, M =3-7fim, F=4.5-10|0,m, W =0.25-lp.m  (13 specimens measured).

Remarks. Specimens recovered in the present study have been referred to C. aff. cornifera  as tbey 

differ from  tbose form s recovered from  the Devonian (e.g. D eunff 1955, P layford 1977), raising the 

possibility that Silurian forms assigned to C. cornifera  belong in a separate species. The diagnosis o f 

D eunff (1955, p. 147) was based on a single specimen, illustrated by a line drawing. This specim en lies 

w ithin the size range o f forms recovered herein, but appears to possess a laevigate vesicle and larger 

projections. A  comprehensive description, based on a larger number o f specimens, was given by Playford 

(1977, p. 17), in w hich the excystm ent m echanism  was cited as a sim ple split. Exam ples recovered 

herein exeyst via a rupture; specim ens w ith unornam ented ruptures (PI. 9, fig. 1) and exam ples w ith 

thickened lips (PI. 9, fig. 2) have been found. Those exam ples described by Playford (1977) also differ 

from specimens described herein in having generally larger, laevigate vesicles and Irigher membranes (V = 

14-(21)-29|J.m, M  = 5-llp .m ).

Form s recovered in the present study have sim ilarities w ith specim ens recovered from  the 

Llandovery-W enlock series boundary o f Gotland by Le Hérissé (1989, pl. 1, figs 11-13, 18-20, as C. 

cornifera). These exam ples also possess reticulate vesicles and projections w hich m ay be com pletely 

absent, or present in the centre o f some, or all, fields. One specimen (Le Hérissé 1989, pl. 1, fig. 18) 

possesses an unopened rupture with thickened lips.

The presence o f projections in the centre o f the fields in some specim ens o f C. aff. cornifera  

separates them  from  sim ilar species, which may he further distinguished by their overall size, shape and 

num ber o f fields. Cymatiosphaera  aff. m ultisepta  differs in having numerous, smaller, laevigate fields; 

Cymatiosphaera  aff. pavim enta  is generally larger, subcircular in outline, with shorter membranes.
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O ccurrence  (C. cornifera). M iddle D evonian, Canada (D eunff 1955, 1966, 1967a &  b); 

D evonian o f Europe and North A frica (Deunff 1966); Famennian Stage, Belgium  (Stockmans & W illière 

1969); Low er-M iddle D evonian, M oose R iver B asin, O ntario, C anada (P layford  1977); S iliea  

Form ation, G ivetian Stage, Ohio (W ieander & W ood 1981); Colum bus and D elaw are form ations, 

E ifelian-low er G ivetian stages, Ohio (W icander & W right 1983); topm ost G ivetian-low er Frasnian 

stages, France (Le Hérissé & D eunff 1988);

O ccurrence  (form s w hich can be assigned to C. aff. corn ifera). U pper and Low er V isby 

formations, Llandovery-W enlock series boundaiy, Gotland (Le Hérissé 1989); M uch W enlock Limestone- 

low er M iddle Elton form ation, rare in the upper M iddle Elton Form ation, Pitch C oppice Q uarry and 

Goggin Road. Known range (C. aff. cornifera)-. upper Llandovery-lower Ludlow series.

C y m a tio sp h a e ra  ? ef. im p e rfe c ta  Le H érissé 1989 Pl. 1, figs 6-8.

cf 1989 ? Cymatiosphaera imperfecta  n. sp.; Le Hérissé, p. 74, pi. 1, figs 2-4.

H olotype. Le Hérissé 1989, pl. 1, fig 3,4; sample G445.P5.1, slide SGU 7259 (U46.1); from  

the low erm ost Eke Formation, upper Ludlow Series, Hum melhosholm 1, Gotland.

Diagnosis. (Translated from  Le Hérissé 1989, p. 74). “Species placed with doubt into the genus 

Cymatiosphaera', vesicle w ith spherical outline, a thick wall, surface divided into polygonal or rounded 

areas o f variable diam eters, interconnected or independent; the fields are lim ited by the low er part of 

mem branous crests, often flexuous, 14 to 20 fields visible. The surface o f the vesiele is sm ooth or with 

a light ornament, appealing granulate. The opening was not observed.”

D escrip tion . Vesicle spherical, laevigate under transm itted light, thick walled, divided into 

irregular, rounded or polygonal fields by low membranes; fields joined or isolated. Vesiele flattened or 

crumpled, rarely preserved in tlnee dimensions. Exeystment meehanism not observed.

Dimensions. V=25-42pm , M=0.5-1.75|J.m, F=3.5-10p,m, W = l-3pm  (11 specimens measured).

Remarks. This species, provisionally placed in Cymatiosphaera  because o f the irregular nature 

o f its fields, was com pared to the A ustralian, E ocene-M iocene gonyaulacoid d inoflagella te  cyst 

Shematophora  Deflandre & Cookson 1955 by Le Hérissé (1989, p. 74). Specimens recovered herein have 

heen assigned to C. ? cf. im perfecta  as the m ajority have m embranes that are too poorly preserved for 

their exact nature and disfribution to be ascertained. Only from three dimensionally preserved specimens 

recovered from  around the W enloek-Ludlow  series boundary is it clearly possible to see the irregular- 

nature o f the membranes; even these specimens appear- to have fields whieh are generally jo ined and not 

isolated to the same degree as those recovered by Le Hérissé (1989).

Occurrence. Slite, M ulde, Klinteberg and Eke formations, W enlock-Ludlow series, Gotland (Le 

Hérissé 1989); M uch W enlock Lim estone-M iddle Elton formation. Pitch Coppice Quarry and Goggin 

Road. Known range: W enlock-Ludlow series.
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C y m a tio s p h a e ra  la w so n ii sp. nov. PI. 2, fig. 6; PI. 9, figs 6-8.

N a m e. Species name la w son ii, after J. D. Law son who first described the forestry track 

exposures o f M ortim er Forest, Ludlow.

H olotype. PI. 2, fig. 6; TRENCH3/151-A  (1)-Q36; from  the Low er Elton Form ation, Goggin 

Road, M ortim er Forest, Ludlow.

D iagnosis. Vesiele spherical, com m only ellipsoidal, laevigate under transm itted light, faintly 

reticulate w ith a SEM; vesiele o f equal thickness to, or slightly thicker than mem branes. M em branes 

thin, delineating large polygonal fields; excystment by large, unornamented rupture o f the vesiele wall.

Dimensions. V=26-43|J.m, M =4-8.5fim, F=10-15p.m (9 specimens measured).

Remarks. This species resem bles Cymatiosphaera gorstia  D om ing 1981a, w hich is larger, with 

shorter membranes and smaller fields.

Occurrence. Rare over the M uch W enlock Lim estone-Lower Elton form ation boundary (Pitch

Coppice Quarry and Goggin Road), absent from  the lowerm ost Lower Elton Form ation (Goggin Road),

common in every sample from the m iddle Low er Elton-M iddle Elton formation (Goggin Road).

C y m a tio sp h a e ra  aff. le d b u r ic a  D om ing 1981a PI. 1, fig. 9; PI. 9, figs 3-4.

aff V *  1981a Cymatiosphaera ledburica  n. sp.; Dom ing, p. 185, pi. 2, figs 13-14.

aff 1990 Cymatiosphaera ledburica  D om ing 1981a; Fensome e ta l.,  p. 171 (no fig.).

Holotype. D om ing 1981a, pi. 2, fig. 14; LE25K, M 28/0, M PK 2925; from  the Bringew ood 

Group, Ludlow Series, Ledbury Hill, Herefordshire (SO 713 386).

Diagnosis. (D om ing 1981a, p. 185). "Vesicle spherical to subspherical, 25-30 ftm in diameter, 

laevigate, divided into 8 fields by thin flanges 10-12 |J.m high; excystment by a straight split."

Description. Vesicle spherical to ellipsoidal, relatively thick walled; laevigate under hansm itted 

light, finely reticulate with a SEM. Thin m embranes define a subcircular outline and delineate a number 

o f large polygonal fields. Excystm ent m eehanism  not observed.

Dimensions. V=17-28flm, M =4-10ftm, F=8-15|i,m W =l-1.5p,m  (9 specimens measured).

R em arks. The m orphology o f C. aff. ledburica  differs from  the type m aterial illustrated by 

Dom ing (1981a) in two ways; the membranes are shorter and the fields lack the circulai' structures visible 

on the holotype. These structures, not m entioned in the original diagnosis, are not recorded on all 

specim ens from  the type m aterial (e.g. D om ing 1981a, pi. 2, fig. 13). They are distinct, however, from  

the structures o f C. m ariae, having the shape o f a single, thickened, hoop approxim ately 2|i.m in 

diam eter.

Occurrence. B iozones L2 and L3, uppeim ost E lton to m iddle Leintw ardine groups, Ludlow 

Series, W elsh Borderland (D om ing 1981a, as C. ledburica)-. M uch W enlock Lim estone-M iddle Elton 

formation. Pitch Coppice Q uaiiy and Goggin Road (as C. aff. ledburica).
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C y m a tio sp h a e ra  m a ria e  Cramer, Diez, R odriguez & Fom bella 1976 PI. 1, fig. 10;

emend. Le Hérissé 1989 Pl. 9, fig. 5.

1976 Cymatiosphaera mariae n. sp.; Cramer, Diez, Rodriguez & Fombella, p. 446, pi. 2, figs 21-23.

1978 Cymatiosphaera subrotunda  sp. nov.; Kiryanov, p. 31-32, pi. 5, figs 7, 8.

1989 Cymatiosphaera mariae Cramer e ta l., emend.; Le Hérissé, p. 74-75, pi. 2, figs 1-6, text-fig.

4B.

1990 Cymatiosphaera mariae Cramer eta l. 1976; Fensome e ta l.,  p. 172 (no fig.).

H olotype. C ram er et al. 1976, pl. 2, fig. 21; from  the San Pedro Form ation, Ludlow  Series- 

low er Gedinnian Stage, Cantabrie M ountains, Leon, N W  Spain.

Diagnosis. (Translated from  Le Hérissé 1989, p. 75). "The vesiele is spherical, w ith circular 

outline, w ith one relatively thick wall (2-2.5|Lim); the surface is divided into polygonal or subcircular 

fields (between 6 and 14 fields) delineated by high, hansparent, membranous crests (height 4.5 to 16fim); 

ratio  total diam eter/vesicle diam eter = 1.7 to 1.9. The floor o f each field  has on ^/grds o f the area a 

particular ornam ent com posed o f a double concentric circle in relief with radial crests; under SEM  the 

ornam ent, slightly protruding from  the surface o f the fields, evokes a flow er or rosette; around the 

ornam ent the vesicle surface is granulate. Som e speeim ens, observed w ith light m icroscope, have 

perm itted the location o f the excystm ent structure which cuts cross-wise each o f the polygonal fields and 

is o f the slit type w ith fine lips on the borders."

Description. Vesicle spherical, moderately thick walled, with a polygonal outline produced by 

thin membranes that delineate polygonal fields. In the cenhe of each field a structure o f concentric circles 

is evident. W ith a SEM  these struetures appear to stand proud of the surface and have an inner hub and 

outer rim; the vesicle surface around these struetures is laevigate. Excystm ent m echanism  not observed.

D im ensions. V=14-28|Xm, M =4.5-9flm , F=7-10|0,m, W =0.5-2.5|j.m, concentric structures 3- 

4.7fim diameter (9 specimens measured).

Rem arks. The dim ensions o f the laevigate specimens found in this study eom pare w ell w ith 

those o f the type material (V = 12-22|lm , M  = 3.5-9|Xm, F = 3-12[im), but are sm aller than the granulate 

exam ples recovered by Le Hérissé (1989; V = 19-34|J.m, M  = 4.5-16p.m, F  = 14-20|j.m).

The morphology of C. mariae was com paied to the modern prasinophyte algal cyst Pterosperma  

m arginatum  Gaarder 1954, illustrated in Paike e t al. (1978, pl. 1, fig. F), by Le Hérissé (1989, p. 75). 

Circulai- structures visible on Cymatiosphaera numisma  Le Hérissé 1989 (p. 75-76, pl. 2, figs 7-8) differ 

from  those o f C. mariae in being composed o f large reticulae, arranged in concenhie circles, that extend to 

the base o f the membranes.

Occurrence. San Pedro Foim ation, Ludlow Series-lower Gedinnian Stage, N W  Spain (Cram er et 

al. 1976); low er Ludlow Series, Podolia (Kiryanov 1978, as C. subrotunda); Slite, upper M ulde, upper 

H em se (unit a, «m arl top»), low er Eke and H am ra (units a-c) form ations, W enlock-Ludlow  Series, 

G otland (Le H érissé 1989); rare over the M uch W enlock Lim estone-Lower Elton form ation boundary 

(Piteh Coppiee Quarry and Goggin Road), m ore common from  the m iddle Low er Elton Form ation and
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particularly common in the M iddle Elton Form ation, Goggin Road. Known range: W enlock Series- 

lower Gedinnian Stage.

C y m a t io s p h a e r a  m u l t ic r i s ta  sp. nov. PI. 1, figs 4-5; PI. 9, fig. 12.

Name. Species name multicrista, from  the latin m ulti = many, cresta  = crests, referring to the 

m any numerous small crest-like m embranes found on individuals o f this taxon.

H o lo ty p e .  PI. 1, fig. 4; G O G 1/7-C  (l)-K 4 2 /4 ; from  the M uch W enlock  L im estone 

Form ation, Goggin Road, M ortim er Forest, Ludlow.

D iagnosis. Vesicle spherical to ellipsoidal, thin or moderately thick walled, laevigate. Short 

m em branes define num erous, small, polygonal fields; excystm ent by a large, sim ple, unornam ented, 

rupture, whieh cuts across numerous fields.

Dimensions. V =ll-22|Xm , M=0.3-1.5|o,m, F=0.3-3pm , W =0.3-2.5|im  (9 speeimens m easured).

Remarks. This is a distinctive species o f Cymatiosphaera  and does not resem ble any other taxa 

recovered in the present study; it is, however, almost identical to Cymatiosphaera longhopica  D om ing 

1981a, which differs in having a solid node in tlie centre o f each field.

Occurrence. Raie over the W enlock-Ludlow series boundary (Pitch Coppice Quarry and Goggin 

Road), w ith even searcer oceurrences in the Lower and M iddle Elton formations, Goggin Road.

C y m a tio sp h a e ra  aff. m u lt is e p ta  D eunff 1955 PI. 1, fig. 3; PI. 9, fig. 9.

aff 1955 Cymatiosphaera m ultisepta  n. sp.; Deunff, p. 147, fig. 25.

aff 1977 Cymatiosphaera m ultisepta  D eunff 1955; Playford, p. 17, pi. 4, fig. 3.

aff 1990 Cymatiosphaera multisepta D eun ff I955a\ Fensome e t a/., p. 172 (no fig.).

H olotype. D eunff 1955, fig. 25; from  the Onondaga Form ation, m iddle Devonian, Ontario,

Canada.

D iagnosis. (T ranslated from  D eunff 1955, p. 147.). “Vesicle spherical o f 8p. in diam eter, 

w idened in optical section by form ation o f partitioning  m em branes o f 2 p  in  height determ ining 

sufficiently régulai-, polygonal fields on the surfaee o f the vesicle o f approxim ately twenty in num ber in 

frontal view."

Description. Vesicle spherical, laevigate; thin, short membranes produce a circulai- outline and 

define numerous small, iiregular or polygonal fields. Excystment mechanism not observed.

Dimensions. V =12-16pm , M = 1.5-2.5pm , F=1.5-5pm , W =0.5pm  (8 specimens m easured).

R em arks. Specimens have been assigned to C. aff. m ultisep ta  as they have m orphological 

sim ilarities w ith the type m aterial, but oceur w ithin the Silurian, not the D evonian. The sm aller 

laevigate vesicle and m ore num erous fields differentiate C. aff. m ultisepta  from  C. pavim enta; C. aff. 

corn ifera  has an overall polygonal outline, larger m em branes and fields, w hich m ay possess central 

projections.
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Occurrence. (C. m ultisepta) Onondaga Form ation, middle Devonian, C anada (D eunff 1955, 

1967b); Devonian, N orth A frica and Europe (D eunff 1967b); O rdovician-Silurian, B elgium  (M artin 

1969); Devonian, Belgium  (Stockmans & W illière 1969, 1974); Lower-M iddle Devonian, M oose River 

Basin, Ontaiio, Canada (Playford 1977).

(C. aff. m ultisepta) very rare from  the M uch W enlock Lim estone-M iddle Elton form ations. 

Pitch Coppice Quarry and Goggin Road.

C y m a tio sp h a e ra  o c to p la n a  D ow nie 1959 emend. PI. 1, figs 11-13.

Cymatiosphaera octoplana  sp. nov.; Downie, p. 63, pi. 11, fig. 2.

Cymatiosphaera w enlockia  sp. nov.; Downie, p. 63-64, pi. 11, fig. 4. 

Cymatiosphaera cubus Deunff; Downie, pi. 11, fig. 3 (nomen nudum). 

Cymatiosphaera wenlockia  (Downie); Le Hérissé, pl. 1, figs 9, 10.

Cymatiosphaera  cf. prism atica  D eunff 1954a; Le Hérissé, p. 76-77, pi. 1, figs 14-15. 

Cymatiosphaera octoplana  Downie 1959; Fensome et al., p. 173 (no fig.).

H olotype. D ownie 1959, pi. 11, fig. 2; M ik(P)17001; from  the Coalbrookdale Form ation, 

W enlock Series, W enlock Edge, Shropshire.

O riginal diagnosis. (Downie 1959, p. 63). "A species o f C ym atio sphaera , lem on-yellow  

colour, test surface granular, divided into e ight rectangular, m ore or less equally  sized, areas by 

m em branes about one-third o f the diam eter in height, height o f m em brane varies giving a rectangular 

outline, test diam eter about 30p."

Em ended diagnosis. Vesicle spherical to ellipsoidal, retieulate. Thin m embranes give an overall 

subtriangulai', square-rectangulai- or polygonal outline. Thickenings along the mem brane bases produce a 

striate appearance and m embranes define triangular, rectangular or polygonal fields. In examples w ith a 

subtriangular outline the m em branes are convex to the vesicle surface. Excystm ent m echanism  not 

observed, possibly a simple split.

Dimensions. V=22-33flm, M =6- l l |0,m, F=12-23flm  (10 specimens measured).

Remarks. This speeies shows a large num ber o f morphologies, similar- to those illustrated for 

Cym atiosphaera heloderm a  C ram er & Diez 1972 by Le Hérissé (1989, pl. 1, figs 5-8). The em ended 

diagnosis ineludes forms where the m embranes produce hiangular, square-reetangular or m ore com plex 

polygonal outlines and this variation is eonsidered to represent the m orphologieal continuum  of a single 

species. Those forms illustrated as C. ef. prism a tica  by Le Hérissé (1989) are considered to display 

enough features (vesicle shape, size, m em brane height and outline) to be placed in C. octoplana  ; C. 

prism atica  D eunff 1954a is elearly different and closely resembles some species o f Polyedrixium  (e.g. 

P olyedrixium  fragosu lum  P layford 1977, pi. 16, figs 8-14). The holotype o f C. prism atica  possesses 

m em branes tbat have edges that are straight or slightly concave to the vesicle surface, w hereas forms 

attributed to C. octoplana  herein have membranes that are convex to the vesicle surface. C. heloderma  is
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differentiated from  C. octoplana  by its larger vesicle size (40-60|am vs’ 23-30fim  this study) and coarser 

reticulate ornament.

Specimens recovered in the present study have not heen found w ith clear excystm ent struetures, 

though a speeim en illustrated as C. cf. p r ism a tica  by Le Hérissé (1989, pl. 1, figs 14-15) shows an 

unopened rupture w ith thiekened lips. The junior synonym of C. octoplana, C. wenlockia, was reported 

from  the D evonian o f Belgium  by Stockmans & W illière (1974, p. 34); no speeimens were illustrated 

and thus the reference is tentatively included below as C. octoplana appears to be restricted to the Silurian.

Occurrence. Coalbrookdale Foim ation, W enlock Series, W enloek Edge, Shropshire (Downie 

1959); Silurian, Belgium  (M artin 1969); Tuscarora and Rose Hill formations, upper Llandovery Series, 

Pennsylvania (C ram er 1969a); N eahga Form ation, upper L landovery Series, O ntario and N ew  Y ork 

(C ram er & D iez 1970); Ross B rook Formation, lower-m iddle Llandovery Series, N ova Scotia (Cram er 

1970b); Plum  C reek and Racine form ations, upper Llandovery and W enlock-Ludlow  series, USA  

(Cram er & Diez 1972); Rochester Form ation, W enloek Series, Ontario (Thusu 1973a); Llandovery- 

low er W enlock series, W elsh B orderland (H ill 1974); M ueh W enlock Lim estone-D ow nton C astle 

Sandstone form ations, W enlock-Prfdolf series, Ludlow (Lister & D ownie 1974); Frasnian-Fam ennian 

stages, B elgium  (S tockm ans & W illière  1974); A eronian S tage-L ow er E lton  Form ation, m iddle  

L landovery-low er Ludlow Series, Britain and Ireland (A ldridge e t al. 1979); U pper V isby-H ogklint 

formations, low er W enlock Series, Gotland (Cramer et al. 1979); Hughley Formation, upper Llandovery 

Series-Elton Group, Ludlow Series, W elsh B orderland (D om ing 1981a); W enlock Series, A yrshire 

(D om ing 1982); low er Silurian, R ingerike, Norw ay (D om ing & A ldridge 1982); M uch W enlock 

Lim estone Formation, W enlock Series, Dudley, U K  (Dom ing 1983); upper L landovery-lower W enlock 

series, W enlock type area (M abillard & A ldridge 1985); W enlock-Ludlow series, A ustria (Priew alder 

1987); low er Silurian, R ingerike, Norway (Sm elror 1987); m iddle W enlock Series, Cheviot Hills, NE 

England (Barron 1989); basal W enlock Series (Upper Visby Formation) to the topm ost Ludlow (Ham ra 

Form ation), G otland (Le H érissé 1989); S ilurian, A rgentina (R ubinstein 1993); C oalbrookdale 

Form ation, W enlock Series, Shropshire (Turner et al. 1995); M uch W enlock Lim estone-M iddle Elton 

form ation. Pitch Coppice Quarry and Goggin Road. Known range: low er Llandovery-Prfdolf series, ? 

Upper Devonian.

C y m a tio s p h a e ra  p a u c im e m b ra n a  sp. nov. PI. 1, figs 18-19.

Name. Species name paucimembrana, from  the latin pauci = few, membrana = membrane, 

refering to the small number o f membranes visible on exam ples of this taxon.

H olotype. PI. 1, fig. 18, GOG6/275-A ( l ) -0 3 5 / l ,  from the M iddle Elton Form ation, Goggin 

Road, M ortim er Forest, Ludlow.

D escrip tion . Vesiele spherical, laevigate under transm itted light, m oderately thiek walled. 

V esicle divided into a few large fields (usually 3-4) by thin mem branes. E xeystm ent structure not 

observed.

Dimensions. V=15-20|J.m, T=22-30pm , W =l-1.5 |am  (11 speeimens measured).
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Rem arks. This taxon can easily be m istaken for a pterosperm ellid, as the m em branes o f some 

specim ens appear, at first glance, to be restricted to the equator. It is the very laige nature o f the fields 

and the low  num ber o f membranes that distinguish this taxon from any other species o f Cymatiosphaera  

recovered herein.

Occurrence. M iddle Elton Fonnation, Goggin Road.

C y m a tio sp h ae ra  aff. p a v im e n ta  (Deflandre 1945) Deflandre 1954 PI. 1, figs 14-15.

M icrhystridium  pavim entum  n. sp.; Deflandre, p. 68, pi. 3, figs 20-21, text-fig. 41. 

Cym. pavim enta  (Deft. 1945); Deflandre, p. 258 (no fig.).

Cymatiosphaera pavimenta  (Deflandre 1945a) Deflandre 1954; Fensom e et ah, p. 173 

(no fig.).

H olotype. Deflandre 1945, pi. 3, fig. 21; AY 32; paratype, pi. 3, fig. 20; A Y  15; from  the 

Silurian, M ontagne Noire, France.

Description. (Translation after Deflandre 1945, p. 30.). “Vesicle spherical, surface divided into 

polygonal lacunae by short muri; vesicle diam eter 18 to 22|a, total diam eter 23 to 27ft.”

D escription. Vesicle spherical to subspherical, finely reticulate w ith short, thin, m em branes 

defining rectangular to polygonal fields and giving an overall circular or subcircular outline. Excystm ent 

by simple unornamented rupture.

Dimensions. V=20-22flm, M =0.5-2fim , F=7-14p,m, W =0.3-1.5fim (9 specimens m easured). 

Rem arks. The description after Deflandre (1945, p. 30), above, is an abbreviated translation of 

the orig inal d iagnosis, from  w hieh rem arks on the specim ens he recovered  have been rem oved. 

Specim ens have been assigned to C. aff. pavim enta, as they appear sim ilar to the material illustrated by 

D eflandre (1944), but possess slightly fewer, larger fields, and low er m em branes. C ym atiosphaera  

blaisdonica  D om ing 1981a is separated from  C. aff. pavimenta  by its m embrane height.

O c cu rren ce , (as C. pav im en ta )  S ilurian, M ontagne N oire, France (D eflandre  1945); 

Coalbrookdale Formation, W enloek Series, W enlock Edge, Shropshire (Downie 1959); Silurian, France 

(D eunff 1959); San Pedro and La V id formations, Silurian-Lower Devonian, NW  Spain (Cramer 1964b); 

Ordovician-Silurian, Belgium  (M artin 1966a, 1969); Fam ennian Stage, Belgium  (Stoclonans & W illière 

1969); L lanvirn Series, B elgium  (Paris & D eunff 1970); upper Silurian-low er D evonian, B elgium  

(Lefort & D eunff 1970); U pper Devonian, Belgium  (Stockm ans & W illière 1974); M uch W enlock 

L im estone-Low er W hitcliffe form ations, W enlock-Ludlow  series, Ludlow  (L ister & D ow nie 1974); 

Low er-M iddle D evonian, M oose R iver Basin, O ntario, C anada (Playford 1977, as cf. pa v im en ta ); 

B uildw as-Coalbrookdale form ations, W elsh Borderland (Dom ing 1981a); M uch W enlock Lim estone 

Form ation, W enlock Series, Dudley, UK (D om ing 1983); low er Silurian, R ingerike, N orw ay (Sm elror 

1987); low er W enlock Series, W enloek type area (Swire 1993); Silurian, Argentina (Rubinstein 1993); 

C oalbrookdale Form ation, W enloek Series, Shropshire (Turner et al. 1995); (as C. aff. pav im en ta )
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M uch W enlock Lim estone-M iddle Elton form ations, Pitch Coppice Quarry and Goggin Road. Known 

range: Ordovician-Upper Devonian.

C y m a tio sp h a e ra  tr ia n g u la  sp. nov. PI. 1, figs 16-17; PI. 9, figs 10-11.

N am e. Species name triangula, from  the latin trlangulum  = triangle, referring to the triangular 

nature o f the membranes.

H o lo typ e . PI. 1, fig. 16; TRENCH  1/11-A (1)-L47/1; from  the L ow er E lton Form ation, 

Goggin Road.

D iagnosis. Vesicle spherical, m ore com m only ellipsoidal; the w all o f the vesicle is slightly 

thicker or considerably thicker than the membranes. The vesicle surface appears laevigate or irregularly 

ornam ented and oceasionally solid projections are found between the membranes. These mem branes are 

alm ost transparent and are commonly extended into sharp points (commonly 4-7 per specimen), though 

rarely they m ay be rounded or appear bifureate. Excystment by simple, unornamented rupture.

Dimensions. V=12-21|Xm, m axim um  mem brane height=10-18|lm  (10 specimens measured).

Rem arks. Superficially, this taxon resem bles Eisenackid ium  w enlockense, w hich differs in 

having distinct processes, which are generally not connected by crests; Polyedrixium fragosulum  Playford 

1977 is m uch larger. This speeies has been assigned to C ym atiosphaera  as specim ens show a clear 

distinetion between the mem branes and vesiele (PI. 9, fig. 11); species o f Polyedrixium  generally have 

an indistinct contact between the membranes and vesicle.

O ccurrence. Com m on over the M uch W enlock Lim estone-Low er Elton form ation boundary 

(Pitch Coppice Quaiiy and Goggin Road); rare in the Lower and M iddle Elton formations, Goggin Road.

C y m a tio s p h a e ra  sp. A PI. 1, figs 20-21.

Description. V esicle spherical, appears laevigate or rarely faintly reticulate under transm itted 

light; m embranes low, giving an overall polygonal outline and delineating polygonal fields. Excystm ent 

mechanism  not observed.

Dimensions. V=19-24p.m, M =2.5-5pm , F=3-8.5p.m, W =0.5-l|am . (8 speeimens measured).

Rem arks. This taxon resem bles several cym atiosphaerids w hieh are distinguished from  one 

another by their vesicle size, ornam ent and outline. The vesicle and fields of C. aff. cornifera  are smaller 

and Cymatiosphaera  sp. A  laeks the eentral projeetions which aie sometimes apparent on that taxon. The 

polygonal outline o f this species separates it from  C. aff. pavim enta  and C. aff. m ultisepta, the latter o f 

which also has m ore numerous, sm aller fields. The overall larger size, height o f membranes and width of 

fields separate C. sp. A  from C. aff. ledburica.

Occurrence. Uppermost M iddle Elton Formation, Goggin Road.
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C y m a tio s p h a e ra  sp. B PI. 2, fig. 1.

D escrip tion . Poorly preserved, vesiele ellipsoidal to subspherical, laevigate, divided into 

numerous, small, polygonal fields by very low membranes. Excystment mechanism  not observed.

D imensions. V=19-24p.m, M =0.2-0.4|xm, F=1.5-3|_lm, W = c. O.Sflm (9 specimens measured).

Rem arks. The preservation o f exam ples plaeed within this taxon is generally very poor and on 

m ost specim ens the fields are hardly discernible. This taxon has, therefore, been retained in open 

nomenclature. In overall size, this taxon is sim ilar to C. multicrista  sp. nov., but differs in having larger 

fields and shorter membranes; Cymatiosphaera eltonensis Dom ing 1981a is also similar, but has higher 

membranes.

Occurrence. M iddle Elton Foim ation, Goggin Road.

Genus Dictyotidium Eisenack 1955 emend. Staplin 1961 

1969 Dictyosphaeridium  ; Timofeev, p. 18 (an invalid name)

Type Species. By original designation, Leiosphaera dictyota  E isenack 1938, p. 27-28, pi. 3, 

figs 8a-c; Beyrichienkalk, Silurian (?Prfdolf Series), Baltic erratic . Holotype lost (E isenack e ta l .,  

1979a, p. 162).

D iagnosis. (Staplin 1961, p. 417). "Vesicle spherical; surface reticulate, ridges low, distinct, 

lacunar areas polygonal; som e species w ith two distinctly sm aller lacunae, one at each pole; sm all 

apieulae or spines may arise from  the ridges; papillae m ay be present in the floors o f lacunae."

R em arks. The genus M elikeriopa lla  was considered a jun io r synonym  o f D ic tyo tid ium  by 

E isenack et al. (1979a, p. 155), but was retained by Colbath (1983, p. 259). He considered that the 

structures w ithin each polygonal field on the holotype o f the type species o f M elikeriopalla  m ay have 

been tubular canals or pseudopores, which he believed were lacking in D ictyotidium  (see M elikeriopalla  

below). Rare exam ples o f D ictyotidium  have, however, been found w ith pore canals that pass through 

the vesicle w all (see D ictyotidium  faviform e  below). The genus D ictyosphaeridium  Tim ofeev 1969, a 

ju n io r hom onym  o f D ic ty o sp h a e r id iu m  W .W etzel 1952, was considered  a ju n io r synonym  o f 

D ictyotidium  by Cram er & Diez (1979, p. 76).

D ic ty o tid iu m  b is c u tu la tu m  K iryanov 1978 PI. 2, fig. 7; PI. 9, figs 13-14.

1978 D ictyotidium  biscutulatum  sp. nov.; ICiryanov, p. 39-40, pi. 5, figs la -b , 6a-b.

1978 M elikeriopalla cataphracta; M ai tin, p. 40, pi. 2, figs 1-3 (aecording to Priewalder 1987, p. 28).

1983 D ictyotidium  cataphractum  (M artin 1978) comb, nov.; Colbath, p. 257 (no fig.).

1990 D ictyotidium  biscutulatum  K iryanov 1978; Fensom e e ta l., p. 193 (no fig.).
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Holotype. Kiryanov 1978, pi. 5, figs la-b ; Geological M useum IGN AN U SSR no. 1920/643- 

3a; from  the W enlock Series-Gedinnian Stage, Podolia.

D iagnosis. (ICiryanov 1978, p. 40-In Russian).

Description. Vesiele spherical to ellipsoidal, thin walled, divided into reetangular and polygonal 

fields by low, thin, m embranes perpendieular to the vesicle surface. F loor o f eaeh field ornam ented by 

coarse retieulae which becom e finer, or are absent, in the parts closest to the membranes. Excystm ent by 

large, simple, unornamented rupture, which almost divides vesicle in two.

Dimensions. V=21-36|J.m, M =0.5-2|im , F=3.5-10.5|J.m, W  < O.Sfim (6 specimens measured).

Remarks. Specimens recovered are smaller than those previously recorded by Kiryanov (1978, V 

= 31-52|Xm), Colbath (1983, V = 45-57pm ) and Le Hérissé (1989, V = 40-72|a.m).

O ccurrence. Silurian, Podolia (K iryanov 1978); L landovery Series, Carnic A lps, A ustria  

(M artin 1978); B ainbridge Form ation, upper Ludlow-Prfdolf series, M issouri (C olbath 1979, 1983); 

Llandovery-lower W enlock and ? Prfdolf series, Austria (Priewalder 1987); N ar borehole, Visby and Slite 

(units a and «Slite siltstone») formations, Llandovery-W enlock series, Gotland (Le Hérissé 1989); rare in 

the Low er/M iddle E lton formations, Goggin Road; not recovered from Pitch Coppice Quarry. Known 

range: Llandovery-Prfdolf series.

D ic ty o tid iu m  fa v ifo rm e  Schultz 1967 PI. 2, figs 2, 4-5, 8; PI. 9, figs 15-16.

1967 D ictyotidium  fav iform is  n. sp.; Schultz, p. 183, pi. 1, fig. 16. 

p. 1977 D ictyotidium  cavernosulum  sp. nov.; Playford, pi. 5, figs 7-8 (only).

1990 Dictyotidium  faviform e  Schultz 1967; Fensom e e ta l.,  p. 194 (no. fig.).

H olo type . Schultz 1967, pi. 1, fig. 16; Geological Institute o f Koln; from  the Retiolites 

Shales, upper Llandovery Series, Dalarne, Sweden.

Diagnosis. (Sehultz 1967, p. 183-In Gennan).

D escrip tio n . V esicle spherical to ellipsoidal, divided into sm all, polygonal or irregular, 

laevigate, fields by low ridges; ridges o f generally uniform  height and width, though on some speeimens 

the ridges rise to form  small peaks at the corners o f the fields. Vesicle wall rarely possesses pore canals. 

Excystm ent by large, unornamented rupture.

Dimensions. V=15-66flm, F=0.2-2|J.m, W =0.5-3|im  (23 specimens measured).

Remarks. The species D. cavernosulum  Playford 1977 was eonsidered a jun io r synonym o f D. 

fav iform e  by Le Hérissé (1989), a synonymy rejeeted herein. D. cavernosulum  was originally separated 

by the fineness o f the reticulate ornament, w hich is clearly shown on the holotype (Playford 1977, pi. 5, 

fig. 5); two exam ples resem bling D. fa v ifo rm e  were also, however, assigned to D. cavernosulum  

(P layford 1977, pi. 5, figs 7-8).

Small tubular pore canals tbat pass through the vesiele wall have been reported in exam ples 

recovered from  the Silurian o f Gotland (Le H érissé 1989, p. 109, pi. 3, fig. 9). These pores are situated 

at the junction o f the corners o f some fields, in positions which may be occupied by small peaks or nodes
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in som e specimens recovered herein. Pore canals have been observed in rare specim ens in the present 

study (pi. 2, fig. 5).

O ccurrence , Retiolites Shale, upper L landovery Series, Sw eden (Schultz 1967); A lger 

Form ation , upper L landovery Series, Ohio; M occasin Springs Form ation, Ludlow -Prfdolf series; 

O sgood Form ation, upper L landovery Series, Indiana; Racine Form ation, W enloek-Ludlow  series; 

W aldron Form ation, upper W enlock Series, Tennessee (Cram er & D iez 1972); S tooping R iver 

Form ation, Em sian Stage, Ontario (Playford 1977); upper L landovery (Nar borehole)-upper Ludlow  

series (basal H am ra Form ation), Gotland (Le Hérissé 1989); Present in m ost samples from  the M uch 

W enlock Lim estone-M iddle Elton form ation. Pitch Coppice Quarry and G oggin Road. Known range: 

upper Llandovery Series-Emsian Stage.

D ic ty o t id iu m  s te n o d ic ty u m  Eisenack 1965a PI. 2, figs 9-10; PI. 9,

figs 17-18.

1965a D ictyotidium  stenodictyum  n. sp.; Eisenack, p. 264, pi. 22, fig. 2, ? 3. 

non. 1969 Dictyotidium  stenodictyum  Eisenack; M artin, p. 137-138, pi. 3, figs 139-140, pi. 6,

fig. 276, pi. 7, figs 309, 314. 

non. 1984 Dictyotidium  stenodictyum Eisenack 1965; Le Hérissé, p. 230, pi. 2, figs 9-10.

non. 1989 D ictyotidium  stenodictyum  Eisenack; Le Hérissé, p. 111-112, pi. 4, figs 6-9.

.1989 D ictyotidium  stellatum  n. sp.; Le Hérissé, p. 110-111, pi. 4, figs 1-5.

1990 D ictyotidium  stenodictyum  E isenaek 1965c; Fensom e e ta l.,  p. 196 (no fig.).

Holotype. Eisenaek 1965a, pi. 22, fig. 2; Sphaerocodian M arl, Silurian, Burgsvik, Gotland.

Diagnosis. (Eisenack 1965a, p. 264; translation by Eisenack et al. 1979a, p. 169). “A  species 

o f D ictyotidium  w ith essentially a sm aller polygonal retieulum  than in D. dictyotum .”

D escription. Vesicle spherical to ellipsoidal, thick walled; divided into triangular, polygonal 

and irregular areas (l-4.5|_im diameter) by low ridges. Spaced irregularly over the surface are larger, solid, 

projections from which the ridges radiate, giving a star-like appearance; the vesicle is otherwise laevigate. 

Excystm ent by large rupture, w ith thickened lips, in vesicle wall.

Dimensions. V=44-73|J,m, M ajor projeetions=l-4pm , W=2-4.5p,m (10 specimens measured).

R em a rks .  The holotype, illustrated by E isenack (1965a, pi. 22, fig. 2), appears to have a 

reticulate vesicle onto which larger projections aie seattered, an arrangement identical to D. stellatum  Le 

H érissé  (1989) w hich is considered  a ju n io r synonym  herein. Those specim ens assigned to D . 

stenodictyum  by M artin (1969) and Le Hérissé (1989) lack these larger projections and can probably be 

assigned to D. dictyotum  E isenack 1955.

The morphology o f D. stenodictyum  resembles that of Pterosphaerula astrala  Cramer 1966a from 

San Pedro and Furuda foim ations, Silurian, N W  Spain. Both taxa have vesicles which are covered by low 

ridges onto which larger projections are superimposed, though on P. astrala  the ridges and projections are 

larger and the vesicle is smaller.
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O ccurrence . L landovery-Ludlow  series, G otland (E isenack 1965a); L landovery  Series, 

Llandovery type area (Hill 1974); M ueh W enlock Lim estone-Lower Elton formations, W enlock-Ludlow 

series, Ludlow (Lister & Downie 1974); M uch W enlock Limestone Form ation-Elton Group, W enlock- 

Ludlow  Series, W elsh B orderland (D om ing 1981a); M uch W enlock Lim estone Form ation, W enlock 

Series, Dudley, UK (D om ing 1983); L landovery Series, Llandovery type area (Hill & D om ing 1984); 

upper Llandovery-low er W enlock series, W enloek type area (M abillard & Aldridge 1985); L landovery 

Series (Telychian Stage), W enlock Series (Hdgklint, Slite, M ulde and basal Klinteberg form ations) and 

Ludlow  Series (upper H em se and H am ra form ations), G otland (Le H érissé 1989); M uch W enlock 

L im estone Form ation (Pitch Coppice Q uarry); M uch W enlock Lim estone-M iddle E lton form ation, 

Goggin Road. Known range: Llandovery-Ludlow series.

Genus Duvernaysphaera Staplin 1961 

1964b H elios  n. gen.; Cramer, p. 329.

Type Species. By original designation, Duvernaysphaera tenuicingulata  Staplin 1961, p. 415- 

416, pi. 49, figs 10-11; Duvernay M ember, U pper Devonian, Alberta, Canada.

Original Diagnosis. (Staplin 1961, p. 414-415). "Vesicle circulai' in outline, surrounded by an 

appresed diaphanous mem brane that extends heyond the vesicle margin as a flange, the flange supported 

by simple rods or spokes arising from  the vesicle that are present only in the equatorial plane, m uch like 

the fin o f a fish."

D ia g n o s is . (D eunff 1964, p. 211, translation by Cram er & D iez 1972, p. 162). "Fossil 

planktonic m icroorganism , generally o f a subcircular, starlike or square form, m ade up by transparent, 

hollow  body which is slightly inflated in its centre and which is circulai', square or in the form  of a star. 

Equatorially, the central body is surrounded by a thin, transparent m em brane. The general form  and 

outline o f this mem brane is generally determined by the form of the central body. The m em brane which 

surrounds the central body is m ade rigid by thickenings, som etim es by rays that stick out from  the 

corners or from  the rim  of the eentral body. D iam eter o f the centi'al body, 15 to 45 mierons; thickness at 

its centre, 5 to 10 microns; length o f m embrane, 3 to 15 microns."

Rem arks. The genus H elios  was effectively eonsidered a junior synonym  of D uvernaysphaera  

when the type species, Helios aranides, was transferred to D uvernaysphaera  by C ram er (1970b); this 

com bination was not validly published, as the basionym  was not fully referenced (Fensom e et al. 1990, 

p. 205). The com bination was validly published by Cram er & Diez (1972, p. 162-163) and H elios  has 

also been eonsidered a junior synonym  of D uvernaysphaera  by Le Hérissé (1989, p. 119-120); H elios  

aranides was retained by Pôthé de Baldis (1981, p. 241) and thus by Fensome e t al. (1990, p. 245).

In the original diagnosis o f Staplin (1961, p. 414-415) the vesicle shape was restricted to cireular 

and the diagnosis was em ended to include star-like and square vesicles by D eunff (1964, p. 211). This 

em ended diagnosis, however, stated that the mem brane was equatorial, whereas it encom passes the whole
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inner vesiele (see Le Hérissé 1989, fig. 11). For this reason the diagnosis o f D eunff (1964) is not 

followed herein.

A  complete reappraisal o f this genus is beyond the present study, though a cursory exam ination 

o f the relevant publications indicates that several species presently assigned to D uvernaysphaera  do not 

belong there. For the purposes o f this study, taxa have been assigned to Duvernaysphaera  if  they possess 

circu lar vesicles and an enveloping m em brane. Those w ith square or rectangular inner vesicles, 

surrounded by a membranous outer wall, are assigned to Quadratitum.

The diagnosis o f D uvernaysphaera  fails to m ention the method of excystm ent, w hieh is via a 

rupture o f the vesiele wall (see Le Hérissé 1989, fig. 11). This method o f excystm ent is identical to that 

o f Q uadratitum  (Le Hérissé 1989, p. 186). I f  the hroader diagnosis o f D uvernaysphaera  is accepted, so 

that it contains square, polygonal and stellate forms, then both Veliferites Brito 1966 ex Brito 1967 and 

Quadratitum  could he considered junior synonyms. The diagnosis of Veliferites states that the mem brane 

is equatorial, which would exclude it from the concept o f Duvernaysphaera  and Quadratitum  used herein, 

though re-examination o f the type species may prove the membrane to completely sunound the vesicle.

D u v e rn a y sp h a e ra  a ra n id e s  (Cram er 1964b) Le Hérissé 1989 Pl. 2, fig. 14.

1964b H elios aranides n. sp.; Cramer, p. 329-330, pi. 5, fig. 9, pi. 14, fig. 7, text-figs 36:1, 36:2. 

1967 Duvernaysphaera gothica  nov. sp.; M artin, p. 323, pi. 1, figs 6, 15.

1970b Duvernaysphaera aranides (Cramer 1964) New Combination; Cramer, Table 1, p. 746 (invalid 

eombination).

1972 Duvernaysphaera aranides (Cramer 1964b) New Combination, emended; Cramer & Diez, p.

162-163, pi. 35, fig. 55.

1975 D uvernaysphaera je lin ii n. sp.; Pôthé de Baldis, p. 495, pi. 4, figs 1-2, 4-5.

1981 Duvernaysphaera gothica  M artin 1966; Pôthé de Baldis, p. 239, pi. 3, figs 1-2.

1981 H elios aranides Cramer; Pôthé de Baldis, p. 243, pi. 4, figs 10-12.

1989 Duvernaysphaera aranides (Cramer) Cramer & Diez emend.; Le Hérissé, p. 119-120, pi. 6, figs 

11-15.

1990 Duvernaysphaera gothica  M artin 1967; Fensom e et a l ,  p. 205 (no fig.).

1990 Helios aranides Cram er 1964b; Fensome et a i ,  p. 245 (no fig.).

H olotype. C ram er 1964b, pi. 14, fig. 7; 1143; San Pedro Form ation, Ludlow  Series-low er 

Gedinnian Stage, N W  Spain.

Diagnosis. (Translated from  Le Hérissé, 1989). "Acritarchs of the genus Duvernaysphaera  are 

eharacterised by a double layered wall; the internal layer, relatively thick, delineates the central wall of 

lenticular form  with a circular outline with, at the equator, a ring o f 9 to 16 radiating processes, short (p 

[process length] = Vy d [vesicle diam eter]), w ith equal length and equidistant; the w idth o f processes 

varies from  1 to 2.5 p.m; the processes are eylindrical, hollow and com m unicate freely w ith the central 

cavity. The surface o f the central body is sm ooth or granulate. The external wall, thin and transparent.
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envelops the central body and processes; it is depressed and touches the internal wall. The m ode o f 

excystm ent, visible on the m ore flattened faee, is represented by a simple slit, which crosses the central 

body and coincides with a tear in the external wall."

D escription. Inner body circulai", laevigate or granulate. In the centre o f the inner body there 

m ay be an irregularly shaped thickened area, aeross w hich a linear fold may pass. Processes hollow, 

tapering, simple, open to vesicle interior. Outer m embrane covers both vesicle and processes, sometimes 

extending beyond the processes suggesting that it is not firmly attached. Excystm ent m echanism  not 

observed.

Dimensions. V=15-23|J.m, PL=6-8pm , PN=14-16 (10 specimens measured).

R em arks. The excystm ent m echanism  of this species has been reported as sim ple sp lit (Le 

H érissé 1989, fig. 11). In exam ples recovered in  this study no excystment structures have been recorded, 

linear folds have, however, been observed in the centre o f the inner body at approxim ately the sam e 

position as the splits reported by Le Hérissé (1989).

Occurrence. San Pedro and Furada formations, Ludlow Series-lower Gedinnian Stage, N W  Spain 

(C ram er 1964b, 1966b, 1969b; Pôthé de Baldis 1974a); Tuscarora and Rose H ill form ations, upper 

Llandovery Series, Pennsylvania (Cram er 1969b); Silurian, Belgium  (M artin 1967, 1969); Devonian, 

N W  A frica  (M aglore 1968, Jardiné &  Y apaudjian 1968); Ross B rook Form ation , low er-m iddle  

Llandovery Series, N ova Seotia (C ram er 1970b); U pper Silurian, A rgentina (Pôthé de Baldis 1971); 

W enlock Series, subsurface material, Portuguese Guinea; subsurface, Saudi Arabia; A lger and Clem ville 

form ations, upper L landovery Series, Quebec, Canada; m iddle L landovery-Prfdolf series, F lo rida  

subsurface; Osgood Formation, upper Llandovery, Indiana, Kentucky and Ohio; Plum  Creek Formation, 

upper Llandovery, Kentucky; Quoddy Fonnation, upper Llandovery Series; Red M ountain Form ation, 

low er-upper Llandovery, A labam a and Georgia; Rose H ill Formation, upper Llandovery, Pennsylvania 

and V irginia; Ross B rook Form ation, Llandovery Series; W aldron Form ation, upper W enlock Series, 

Indiana and Tennessee (Cram er & Diez 1972); Rochester Formation, W enlock Series, Ontario (Thusu 

1973a); Ilion Shale, W enlock Series, New Y ork (Thusu 1973b); Llandovery-low er W enlock series, 

Llandovery type area and W elsh Borderland (Hill 1974); M uch W enlock Lim estone-D ow nton Castle 

Sandstone form ations, W enlock-Prfdolf series, Ludlow  (Lister & D ownie 1974); Llandovery-Ludlow  

series, A lgeria (Jardiné e t al. 1974); Los Espejos Formation, W enlock Series, Argentina (Pôthé de Baldis 

1975); Silurian, Podolia (K iryanov 1978); U pper V isby-H ôgklint form ations, low er W enlock Series, 

G otland (Cram er et al. 1979); Los Espejos Formation, low er Ludlow Series, Argentina (Pôthé de Baldis 

1981); M ueh W enlock Lim estone Form ation, W enlock Series, Dudley, U K  (D om ing 1983); m iddle- 

upper Llandovery Series, Llandovery type area (Hill & D om ing 1984); upper Llandovery-lower W enlock 

series, W enlock type area (M abillard & Aldridge 1985); upper Llandovery- Ludlow series (Ludfordian 

Stage), G otland (Le Hérissé 1989); Silurian, Argentina (Rubinstein 1993); Coalbrookdale Form ation, 

W enlock Series, Shropshire (Turner et al. 1995); M ueh W enlock Limestone and Low er Elton formation. 

P itch  C oppice Q uarry and Goggin Road; com m on in the M iddle Elton Form ation, G oggin Road. 

Known range: lower Llandovery Series-lower Gedinnian Stage.
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Genus Melikeriopalla Tappan & Loeblich Jr. 1971

Type Species. By original designation, M elikeriopalla  am ydra  Tappan & Loeblich Jr. 1971; 

from  the W aldron Formation, W enlock Series, Jennings County, Indiana.

D iagnosis. The diagnosis o f Tappan & Loeblich Jr. (1971) is partly based on reticulo-cristate 

specim ens (Tappan & Loeblich Jr. 1971, pi. 6, figs 1-2) which were incorrectly assigned to the type 

speeies M. amydra. The diagnosis is, therefore, not followed herein and w ithout re-exam ination o f the 

type material no emended diagnosis ean he proposed.

(Tappan & Loeblich Jr. 1971, p. 396). "Vesicle spherical to subspherical; surface o f vesicle 

cristate, divided into small, irregular, polygonal fields by low, apparently solid ridges or crests; fields 

m ay be secondarily subdivided by low and diseontinuous ridges; wall thin, ornam ented w ith small, 

scattered granules and short, discontinuous m icro-ridges within the fields; excystm ent by simple rupture 

o f the vesiele."

R em arks. The genus M elikeriopa lla  was considered a jun io r synonym  of D ic tyo tid iu m  by 

E isenack et al. (1979a, p. 155), but was retained by Colbath (1983, 1987). The diagnosis o f Tappan & 

Loeblich Jr. (1971) is unusable as it is partly based on ineorrectly identified specim ens, whieh do not 

belong w ithin the type species (see below). M elikeriopalla  is very sim ilar to O rygm ahapsis  C olbath 

1987, which may prove to be a jun io r synonym; the two are retained, however, pending re-exam ination 

o f the type material.

M elik e r io p a lla  a m y d ra  Tappan & Loeblieh Jr. 1971 PI. 2, figs 3, 11-12; PI. 10,

figs 1-4.

p. 1971 M elikeriopalla amydra  n. sp.; Tappan & Loeblich Jr., p. 396, 398, pi. 6, figs 3, ?4 

(only).

1977 amydrum  (Tappan et Loeblich 1971) Dictyotidium; Diez & Cramer, p. 3 (no fig.) 

(invalid combination).

1979a D ictyotidium  amydrum  (Tappan & Loeblich 1971); E isenack et a i ,  p. 157-158.

1990 Dicfyoririmm amytlram (Tappan & Loeblich Jr. 1971) Eisenack et a/. 1979; Fensom e 

et a l ,  p. 193 (no fig.).

H olotype. Tappan & Loeblieh Jr. 1971, pi. 6, fig. 3; W aldron Form ation, W enlock Series, 

Jennings County, Indiana.

D iagnosis. The diagnosis o f Tappan & Loeblich Jr. (1971) is partly based on reticulo-cristate 

specim ens (Tappan & Loeblich Jr. 1971, pi. 6, figs 1-2) which were incorrectly assigned to the type 

species M. amydra. The diagnosis is, therefore, not followed herein and w ithout exam ination o f the type 

m aterial, to ascertain the wall structure, no emended diagnosis can be proposed.

(Tappan & Loeblieh Jr. 1971, p. 396, 398). "Vesicle spherical to subspherical; surface o f 

vesiele reticulocristate, divided by low, appaiently solid ridges into small, irregular, polygonal fields, four
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to six sided and commonly 2-3|li across. Commonly the fields are subdivided by low and discontinuous 

ridges that give the periphery a serrate appearance. W all thin, about Ifi in thickness; surface sculpture 

cristate, w ith small scattered granules and diseontinuous micro-ridges within the fields; excystm ent by a 

sim ple rupture o f the vesicle."

D escrip tion . Vesicle spherical to ellipsoidal, m oderately thick walled; surface divided into 

subpolygonal or subspherical fields by low ridges o f uniform  height and irregular width. The centre of 

each field appeal's to posses a small node (0.5-1 jam diameter), or small pore which passes partly though 

the vesicle wall. The developm ent o f pores in the vesicle wall is variable; specimens w ith no pores and 

specimens w ith numerous pore eanals ean be found. Small, thin walled exam ples com m only lack laiger 

pore canals; specimens w ith thicker walls can possess a few pore eanals and exam ples w ith very thick 

vesicles have pore eanals in the centre o f every field, between whieh a fine, secondary porous structure is 

developed. Excystment mechanism not observed.

Dimensions. V=26-74|0,m, F=1.5-4flm, W = l-4 .5 |tm  (11 specimens measured).

Remarks. The reticulo-cristate specimens illustrated by Tappan & Loeblich Jr. (1971, pi. 6, figs

1-2), which are herein excluded from  M. amydra, laek the central node structure present on the holotype 

and possess fields w ith scattered granulations that are subdivided by low, discontinuous ridges sim ilar to 

D ictyotidium  venulosum  Playford in Playford & Dring 1981. Speeimens assigned to M. am ydra  herein 

show  a range o f vesicle size, w all thickness and pore eanal developm ent. Sm aller, thinner w alled 

exam ples commonly lack pore canals below the cenhal node, though it is im possible to ascertain whether 

a finer shucture o f pores is present. Some specimens have thicker walls but show only the developm ent 

o f pore canals beneath a few of the nodes. Finally, larger thicker walled specimens may have a pore canal 

beneath every node and m ay also show a fine porous structure between the nodes (PI. 2, fig. 3); this is 

sim ilar to the wall structure present in some tasmanitids. These thick walled specimens could be assigned 

to Orygmahapsis fistu losa  (Colbath 1983) Colbath 1987.

O. fis tu losa  was distinguished from  M. amydra  by the presence o f a thicker vesicle wall, lack o f 

secondary ridges subdividing the fields, and later, by the occurrence o f tubular canals (Colbath 1983, 

1987). A  personal com m unication was also cited from  G. D. Wood, who, having exam ined num erous 

specimens o f M. amydra  from  the W enlock Series o f the USA, stated that no pseudopores were present 

(Colbath 1987, p. 65); the holotype was not re-exam ined. Confusion has arisen, however, as Colbath 

(1983, p. 259; 1987, p. 65) incorrectly stated that M. am ydra  has a reticulo-cristate ornament, referring 

to those specimens, now exeluded, illushated by scanning electron microphotographs (see above). Talcing 

into account the variation o f this taxon, O. fis tu lo sa  is, in effect, treated as a ju n io r synonym  of M. 

amydra  herein, though no form al synonymy is proposed.

The transfer of this taxon to D ictyotid ium  was attributed to D iez & C ram er 1977 by D om ing 

(1981a). The combination was, however, not validly published as the basionym was not fully referenced.

Occurrence. (M. amydra  and O. fistulosa). W aldron Formation, W enlock Series, Tunnel M ill, 

Indiana (Tappan & Loeblich Jr. 1971, as M. amydra); M uch W enlock L im estone Form ation-E lton 

Group, upper W enloek-lower Ludlow series, W elsh Borderland (Dom ing 1981a, as D. amydrum); M uch 

W enlock L im estone Form ation, W enlock Series, D udley, U K  (D om ing 1983, as D. am ydrum );
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B ainbridge Form ation, Prfdolf Series, M issouri; Ludfordian Stage, Ludlow  Series, Ludlow  (Colbath 

1983, 1987, as O. fistu losa); M uch W enlock Lim estone Form ation (Pitch C oppice Q uarry); M uch 

W enlock Limestone-M iddle Elton formations, W enlock-Ludlow series. Pitch Coppice Quarry and Goggin 

Road. Known range: W enlock-Prfdolf series.

Genus Polyedrixium Deunff 1954a ex Deunff 1961 emend. Deunff 1971

1969 Senzeillea; Stoclonans & W illière, p. 40.

.1970 Crameria  gen. nov.; Lister, p. 61-62.

Type Species. By original designation, Polyedrixium  deflandrei D eunff 1954a, p. 1065, fig. 8; 

from  the Devonian o f Ontario (a nomen nudum, validly published by Deunff 1961, p. 216).

D ia g n o s is .  (D eunff 1971, p. 17 translation by Eisenack et al. 1976, p. 571). "Organic 

m icroplanktont [æ/c] more or less transparent, supple and stainable o f which the colour varies according to 

the degree o f fossilization. The vesicle is polyhedral w ith faces that are generally m ade up by layers o f 

organic m aterial o f uneven thickness, they are often bent inwards so delim iting a cham ber o f variable 

volume. The edges o f the faces may or m ay not be provided with border membranes (1); these bear often 

an ornamentation o f m ore or less strongly developed crenulations (2); these are frequently hollow or open 

distally. The angles o f the vesicle continue in the form  of angular floral ornaments (3) or are digitate, 

w hich com m unicate, in the same m anner as the crenulate expansions, w ith the body cavity. The total 

diam eter falls between 10 and 150 p."

R em a rks . The genus S en ze ille a  Stockm ans & W illière 1969 is considered to be a jun io r 

synonym , by im plication, o f P o lyed r ix iu m , as its type species is regarded as a ju n io r synonym  o f 

P olyedrixium  pharaone  D eunff 1954a ex D eunff 1961 (see Lu Lichang & W icander 1988, p. 127, 

Fensom e e t a l ,  p. 452). It has been recognised that Eisenackidium  and C ram eria  are m orphologically 

akin to P o lye d r ix iu m , though it was fe lt by Playford (1977, p. 33) that the genera could only be 

reassigned after the re-examination o f the type species o f Eisenackidium, which he believed to be senior to 

Crameria. He questioned the true nature o f the nerve like shuctures found in species o f Eisenackidium , 

which are also found in speeies o f Polyedrixium ; for exam ple the nerve-like structures o f P. pharaone  

result from  the junetion o f flap-like elements (Playford 1977, p. 35).

The type species o f Crameria, Crameria duplex  (Cram er 1964b) Lister 1970 is m orphologically 

sim ilar to P. pharaone. The holotype o f C. duplex  appears to lack between process m em branes and the 

diagnosis (Cram er 1964b, p. 287) states that there are "no crests between the processes". The holotype of 

P. pharaone  from  the Devonian o f Canada (D eunff 1954a, fig. 13) also appears to lack m em branes 

between tbe processes. M embranes were, however, elearly illustrated by Playford (1977, e.g. pi. 17, fig. 

7), although in some forms they are highly reduced (e.g. Playford 1977, pi. 17, fig. 4). It appears that 

the population o f P. pharaone  has a range o f m orphologies from  exam ples w ith low, or non-existent, 

m em branes, to specimens where the m embranes are clearly obvious. Some of the specimens illustrated 

as 1 Baltisphaeridium  duplex  n. sp. from  the Devonian o f N W  Spain (Cramer 1964b, pi. 5, figs 1-2 only).
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including the holotype, are considered to represent the m em brane free end o f this speetrum . Thus 

C ram eria duplex  is eonsidered to be a jun io r synonym  o f P. pharaone. This proposed synonym y is 

further strengthened by the remarks o f Eisenack et al. (1973, p. 434), who state that "there is a tendency 

for the developm ent o f crestlike intereonnections on the central body between the 'ribs' o f the processes. 

This tendency is quite pronounced in E. duplex and E. carminae."

M uraticavea  W icander 1974, is also morphologically similar to some species o f Polyedrixium , 

and the type species o f this genus was considered to be a possible jun io r synonym  o f P o lyed rix iu m  

robustum  D eunff 1971 by Eisenack e ta l. (1979b, p. 49). Originally, M uraticavea  was sepaiated from  

P olyedrix ium  by the lack o f serrated edges and projections from  the vesicle (W ieander 1974, p. 14). 

A lthough M uraticavea  is still considered separate, one of the taxa assigned to it, M uraticavea wenlockia, 

has aheady been transferred to Polyedrixium  (see below).

P o ly e d rix iu m  w en lo ck iu m  (D om ing 1981a) Le H érissé 1989 Pl. 2, fig. 13.

1981a M elikeriopalla w enlockia  n. sp.; Doming, p. 181, 202, table 1 (no fig.) (nomen 

nudum).

V *  1981a M uraticavea wenlockia  n. sp.; Dom ing, p. 195-196, pi. 2, figs 10, 11.

1983 M elikeriopalla wenlockia  D om ing 1981; Doming, p. 33 (no fig.) (nomen nudum)

1989 Polyedrixium  wenlockium  (Dom ing 1981) n. comb.; Le Hérissé, p. 181, pi. 20, figs 

13-16.

1990 M uraticavea wenlockia  D om ing 1981; Fensome et a l ,  p. 359 (no fig.).

H olotype. D om ing 1981a, pi. 2, fig. 10; LE4K, F35/0, M PK 2921; Low er Elton Form ation, 

Ludlow Series, Ledbury Hill, Herefordshire (SO 716 384).

Diagnosis. (Dom ing 1981a, p. 195). "Vesicle subpolygonal, 40-80 |i.m across, wall laevigate; 

flanges 18-22 p.m long, 4-6 p.m high, laevigate, divide the vesicle into polygonal areas up to 25 p.m 

across. Overall diam eter 50-90 pm . Excystm ent method not observed."

D escription. Vesicle poorly defined, polygonal to subpolygonal, laevigate. The surface o f the 

vesicle is divided into large polygonal fields by low membranes. On some specimens, under transm itted 

light a m em brane-vesicle contaet m ay be distinguished, though this is not always possible, Excystm ent 

mechanism  not observed,

Dimensions. V=42-78pm , M =2-6pm , F=25-49pm  (10 specimens measured).

Remarks. This speeies was listed as M elikeriopalla wenlockia by D om ing (1981a, p. 181, 202, 

table 1 no. 87; 1983, p. 33). The transfer o f this taxon to P olyedrixium  by Le Hérissé (1989, p. 181) 

was based on its polygonal vesicle shape.

Occurrence. M uch W enlock Lim estone-Lower Elton formation, upper W enloek-low er Ludlow  

series, W elsh B orderland (D om ing 1981a); M uch W enlock Lim estone Form ation, W enlock Series, 

Dudley, U K  (D om ing 1983, listed as M elikeriopalla wenlockia, illustrated as M uraticavea wenlockia); 

M ulde Form ation, upperm ost W enloek Series, G otland (Le H érissé 1989); S ilurian, A rgentina
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(R ubinstein 1993); M uch W enlock Lim estone-Low er Elton form ation, P iteh C oppice Q uarry and 

Goggin Road. Known Range; upper Homerian-lower Gorstian stages.

Genus Pterospermella Eisenack 1972

Type species. By original designation, Pterospermopsis aureolata  Cookson & Eisenack 1958, p. 

49, pi. 9, figs 10-12; M eadow Station Bore No. 9, B irdrong Form ation (? G rierson M em ber), Low er 

Cretaceous (Upper Neocomian or Lower Aptian),W estern Aushalia.

Diagnosis. (Eisenack 1972, p. 597-In Gennan).

Remarks. The genus Pterospermella  was described by Eisenack (1972), who transferred to it all 

the species o f P terosperm opsis  W .W etzel 1952 except the holotype, w hich was already considered a 

dam aged chorate dinoflagellate eyst (M orgenroth 1968, see also Fensome et al. 1990, p. 429 and Colbath 

& G renfell 1995, p. 293). Sarjean t (1976, 1984) and Le H érissé (1989) have both  considered  

Pterospermopsis to he senior over Pterospermella.

P te ro s p e rm e lla  fo v eo la ta  L ister ex D om ing 1981a PI. 2, fig. 19.

.1968 Pterospermopsis martinii Cramer; Cram er & Diez, p. 574, pi. 21, figs 82-87.

1973a Pterosperm opsis  cf. P. martinii C ram er and Cram er 1968; Thusu, p. 804, pi. 106, fig.

15.

1974 Pterospermopsis foveolata; Hill, p. 13 ( no fig.) {nomen nudum).

V *  1981a Pterosperm ella foveola ta  Lister n. sp.; Doming, p. 197, pi. 3, fig. 18.

.1984 Pterospermella martinii C ram er 1967; Le Hérissé, p. 230-231, pi. 2, figs 11-12, pi. 3, 

figs 1,4.

.1989 Pterospermopsis martinii Cramer; Le Hérissé, p. 78-79, pi. 4, figs 10-11.

1990 Pterospermella foveolata  D om ing 1981; Fensome et a l ,  p. 426 (no fig.).

H olotype. D om ing 1981a, pi. 3, fig. 18; W G46K, L37/3, M PK 2944; from  the U pper Flaxly 

Beds, Ludlow Series, W ood Green, M ay Hill, Gloucestershire (SO 695 165).

Diagnosis. (D om ing 1981a, p. 197). "Vesiele subspherical, 20-25 jam across, granulate; one 

equatorial flange, thin, laevigate 10-15 [tm high, often w ith num erous radial folds near the vesicle 

margin. Excystm ent by straight split in the vesicle wall."

Description. Vesicle spherical or ellipsoidal, thieker walled than the equatorial m embrane which 

surrounds it. The vesicle surface appears reticulate under transmitted light, foveolate w ith a SEM. Under 

hansm itted light the apparent size o f the ornam ent is related to position on the vesicle, with the reticulae 

in the centre o f the vesicle often appearing considerably sm aller than those around the rim . The 

m em brane is very tbin, generally poorly preserved and often has radial folds. Excystm ent by rupture o f 

the vesicle wall, with thickened lips.

Dimensions. V=19-34p,m, FL=12-21|0,m, W -0.75-l|J .m  (10 specimens measured).
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R e m a r k s .  This species was considered  a ju n io r synonym  o f  P te r o s p e r m o p s is  (now  

P terosperm ella ) m artinii Cram er 1966a by Le Hérissé (1989, p. 78). Those form s illustrated as P. 

m a rtin ii  by Le H érissé (1984, 1989) are considered here to belong in P. fo veo la la , as the original 

diagnosis and rem arks o f P. martinii state that the central body and m embrane aie o f equal thickness and 

unornam ented. Pterosperm ella reticulata  Loeblich Jr. & W icander 1976 was also considered a jun io r 

synonym  of P. m artinii by Le Hérissé (1989, p. 78); this synonymy is rejected as P. reticulata  also has 

an ornam ented vesicle. P. reticulata  and P. foveola ta  may be synonymous but the two taxa are retained, 

as P. reticulata  is m uch larger than P. foveo la ta  (total diam eter = 56-66|im  vs' 31-55p,m). I f  the two 

species w ere synonym ous, P. reticula ta  w ould be the senior name as P. fo v eo la ta  (based on an 

unpublished thesis taxon o f Lister) was not validly published until 1981.

Occurrence. Ludlow Series, Silurian, Leon, N W  Spain (Cramer & Diez 1968, as P. martinii)-, 

upper Ludlow  Series, N  Spain (Cram er 1969b, as P. martinii)-, Rochester Form ation, W enlock Series, 

O ntario (Thusu 1973a, as P. cf. martinii)-, Hughley Shales-Buildwas Form ation, upper L landovery- 

W enlock series, W elsh Borderland (Hill 1974); Ludlow Series, Algeria (Jardiné et al. 1974); H ughley 

Shales-Bringewood Group, upper Llandovery-Ludlow Series, W elsh Borderland (Dom ing 1981a); M uch 

W enlock L im estone Form ation, W enlock Series, D udley, UK (D om ing 1983); upper L landovery- 

W enlock series, Gotland (Le Hérissé 1984, as P. martinii)-, upper L landovery Series, Llandovery type 

area (Hill & D om ing 1984); upper L landovery-lower W enlock series, W enlock type area (M abillard & 

Aldridge 1985); low er Silurian, Ringerike, Norway (Smelror 1987); Low er V isby-H em se form ations, 

upper L landovery-low er Ludlow  series, Gotland (Le H érissé 1989, as P. martinii)-, Coalbrookdale 

Foim ation, W enlock Series, Shropshire (Turner et al. 1995); M uch W enlock Lim estone-M iddle Elton 

formation. Pitch Coppice Q uaiiy and Goggin Road. Known range: upper Llandovery-Ludlow series.

P te r o s p e r m e l la  sp. A  PI. 2, fig. 17.

Description. Vesicle spherical, laevigate, slightly thicker walled than the surrounding equatorial 

m em brane which is very thin and possesses numerous radial folds. Excystment mechanism  not observed.

Dimensions. V=12-18|am, FL=5-12|J,m (10 specimens measured).

Remarks. Overall size and vesicle ornam entation separates this taxon from  P. foveola ta , which 

is larger and has a thicker, ornam ented, vesicle. Comparisons with the probably related m odern genus 

P terosperm a  (Parke et al.) m ay indicate that those forms assigned to Pterosperm ella  sp. A  m ay w ell be 

small exam ples o f P. foveolata. The life cycle o f Pterosperma, as illustrated by Tappan (1980, fig. 10.7), 

shows that the size o f the phycom a increases w ith m aturity and can have a range o f sizes between lOj^m 

and 175|im  (Tappan 1980, p. 808).

O ccurrence. M uch W enlock Lim estone-M iddle Elton formation. Pitch Coppice Q uarry and 

Goggin Road.
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P te ro s p e rm e lla  sp, B PL 2, figs 15-16.

D escrip tion . V esicle spherical to ellipsoidal, thicker walled than m em brane, laevigate or 

granulate, often possessing a linear fold across the centre o f the vesicle; vesicle surrounded by thinner 

m em brane. The m em brane is attached to the equator o f the vesicle, though the overall m orphology is 

rarely sym m etrical and the vesicle is com m only displaced to one side. Excystm ent by unornam ented 

rupture.

Dimensions. V=15-20|a,m, T=21-30|am, W =0.25-0.7|am (15 specimens measured).

Rem arks. This taxon is sim ilar to Pterosperm ella pertonense  D om ing 1981a, o f which it may 

be a ju n io r synonym. The topotype m aterial o f P. pertonense  appears to show a vesicle com pletely 

encom passed by a thin membranous sack; Pterospermella  sp. B has a vesicle surrounded by an equatorial 

flange.

O ccurrence. M uch W enlock L im estone-Low er Elton form ation boundary, Piteh Coppice 

Quarry and Goggin Road; absent from  the remaining Low er Elton Formation, w ith searce oceurrences in 

the M iddle Elton Formation, Goggin Road.

Genus Quadratitum Cramer 1964b emend. Cramer & Diez 1972 

1976 Phoenisphaeridium  D eunff in Eisenack et al., p. 655 (nomen nudum).

Type Species. By original designation, Quadratitum fantasticum  C ram er 1964b, p. 334, pi. 14, 

figs 3-4, text-figs 37:1-3; from  the San Pedro Foim ation, Ludlow Series-lower Gedinnian Stage, Oblanca 

de Luna, NW  Spain.

D iagnosis. (Cram er & D iez 1972, p. 170). "Complex acritarch, consisting o f inner and outer 

m embrane (the ectoderm and perideim  respectively). In undamaged condition, the periderm  is spherieal to 

ellipsoidal. It is attached to the square central body, at the four angles. The perideim  [ji'c =  ectoderm  in 

Eisenack et al. 1976, p. 653] is psilate to slightly inflated, pillow-shaped, rectangular to square, and is 

attached at its corners to the periderm. The collapse of the body cavity may cause a consistent set o f folds 

to form  that are m ore or less sim ilar to the letter H squeezed at the plaee o f the horizontal bar. The 

corners o f the central body may be slightly drawn-out and may form short produetions; these productions 

are hollow  at the proxim al paid and their cavity is continuous with the central body cavity. W hether the 

body eavity is open at the attachm ent points o f the two m embranes and thus com m unicates freely w ith 

the outside, could not be determined. N o preferential patterns of splitting, nor pylom e structures were 

found."

Remarks. The emended diagnosis of C ram er & Diez (1972, p. 170) incorrectly cites the shape of 

the central body (eetoderm) as that o f the periderm  (see above). The nature o f the thin m em brane was 

originally  used  to distinguish this genus from  D uvernaysphaera . It was stated that the m em brane 

encom passed tbe w hole inner vesicle in Q uadra titum , whereas, in D uvernaysphaera , the periderm  

"surrounds no m ore than a portion o f one hemisphere o f the central body" (Cram er & Diez 1972, p. 170).
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This appears to be a reference to the em ended diagnosis o f D eunff (1964), which stated that the mem brane 

of Duvernaysphaera was equatorial (see Duvernaysphaera-'Rsvasxks above).

In  both genera, however, the m em brane surrounds the inner vesicle. D ue to  the uncertainty 

surrounding the generic diagnosis o f Duvernaysphaera, those forms recovered in the present study w ith 

square or rectangular inner vesicles have been assigned to Quadratitum, w hich m ay prove, after further 

work, to be a junior synonym of Duvernaysphaera.

The genus V eliferites  B rito 1966 ex Brito 1967 has been regarded as a jun io r synonym  of 

D uvern a ysp h a era  (see Fensom e et al. 1990, p. 509) and m ay also be considered synonym ous w ith 

Quadratitum. The diagnosis o f Veliferites refers to the vesicle having a transpaient, equatorial membrane, 

whereas both D uvernaysphaera  and Q uadratitum  have membranes that are not restricted to the equator. 

U ntil the type species o f V eliferites  is re-exam ined and the true nature o f the outer w all/m em brane 

established, no definite synonymy can be proposed.

Q u a d ra ti tu m  fa n ta s t ic u m  Cram er 1964b PI. 2, fig. 18.

1964b Quadratitum fantasticum-, Cramer, p. 334, pi. 14, figs 3-4, text-figs 37:1-3.

1975 Veliferites jachalensis  n. sp; Pôthé de Baldis, 496, pi. 4, fig. 6, 8-9.

1976 Phoenisphaeridium  interpositum  Deunff; E isenack e ta l ,  p. 655 {nomen nudum).

1976 Phoenisphaeridium  involutum  Deunff; E isenack et al., p. 655 {nomen nudum).

1990 Quadratitum fantasticum  Cram er 1964b; Fensom e e ta l., p. 437 (no fig.).

H olotype. C ram er 1964b, pi. 14, fig. 3; sample 1141; San Pedro Form ation, Ludlow Series- 

low er Gedinnian Stage, Oblanca de Luna, NW  Spain.

Diagnosis. (Cram er 1964b, p. 334). "Central body moderately thin and m oderately transparent, 

psilate at 1200 x m agnification. The central body has a square outline. Enveloping m em brane very thin 

and hanspaient, smooth, attached at the corners of the central body. M embrane usually damaged."

D escrip tion . Vesicle laevigate, square to rectangular, thicker walled than outer body, rarely 

extended at the corners to form  short processes. The vesicle is totally encom passed by a thin, spherical, 

alm ost transparent, apparently laevigate, outer body; often the only remnants o f the outer body are those 

sections attached to the corners o f the inner vesicle. Excystm ent mechanism not observed.

Dimensions. V = ll-1 8 |im , T=25-30|0.m (10 specimens measured).

R em arks. The taxa P. in terpositum  and P. involutum  were included in  synonym y w ith Q. 

fa n ta s tic u m  by E isenack e t al. (1976); they are both nom ina nuda, being published  in  a preprin t 

distributed by the CIM P (Eisenaek et al. 1976, p. 655). Duvernaysphaera oa  Loeblich Jr. & W icander 

1976 and Quadratitum ibericum  Pôthé de Baldis 1981 were included in synonymy by Le Hérissé (1989, p. 

186). The diagnosis o f D. oa states that the vesicle is surrounded by a thin, equatorial flange. This 

would exclude it from  Quadratitum, and also Duvernaysphaera, and the author believes that it should be 

excluded from  synonymy until the holotype has been re-exam ined and the true nature o f the m em brane
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established. Q. ibericum  is also not included, as the com ers o f the vesicle are extended into quite long 

processes, whereas the processes o f Q. fantasticum  are very short, if  developed at all.

Occurrence. Ludlow Series-lower Gedinnian Stage, NW  Spain (Cram er 1964b, 1966b; C ram er 

et al. 1976); Tusearora and R ose H ill form ations, upper Llandovery Series, Pennsylvania (C ram er 

1969b); Devonian, Tunisia (D eunff 1966); Devonian, A lgeria (Jardiné & Yapaudjian 1968); Silurian, 

Belgium  (M artin 1967, 1969); Ludlow Series, France (D eunff et al. 1971); L landovery-Prfdolf series, 

F lorida borehole m aterial; O sgood Form ation, upper Llandovery Series, K entucky; Red M ountain 

Form ation , low er-upper L landovery  Series, G eorgia and A labam a; R ose H ill Form ation , upper 

L landovery Series, Pennsylvania and V irginia; St. C lair Form ation, upper Llandovery-low er Ludlow  

Series, M issouri; W aldron Form ation, upper W enlock Series, K entucky (C ram er & D iez 1972); 

R ochester Form ation, W enlock Series, Ontario (Thusu 1973a); Acacus Form ation, W enloek-Ludlow  

series, L ibya (R ichardson & loannides 1973); Low er Elton-D ow nton Castle Sandstone form ations, 

W enlock-Prfdoli series, Ludlow  (L ister & D ow nie 1974); Ludlow Series-G edinnian Stage, A lgeria 

(Jardiné e t al. 1974); Ludlow Series, Bolivia (Cramer, Diez & Cuerda 1974); Los Espejos Form ation, 

low er Ludlow Series, Argentina (Pôthé de Baldis 1975, 1981); M uch W enlock Lim estone Form ation, 

W enlock Series, Dudley, U K  (D om ing 1983); upper Llandovery-Ludlow  (? Prfdolf) series (H am ra 

Form ation), G otland (Le H érissé 1989); S ilurian, A rgentina (R ubinstein 1993); C oalbrookdale 

Form ation, W enlock Series, Shropshire (Turner et al. 1995); M uch W enlock Lim estone-M iddle Elton 

form ation. Pitch Coppice Quarry and Goggin Road. Known range; low er Llandovery Series-Gedinnian 

Stage.

Genus Tasmanites Newton 1875 

PI. 8, fig. 9.

Type species. By original designation, Tasmanites punctatus  Newton 1875, p. 337, pi. 10, figs

2-9; Permian, M ersey River, Tasmania.

O riginal D iscussion. (Newton 1875, p. 341; from  Eisenack et a/. 1979b, p. 231). "W hen the 

separated discs are view ed by reflected light, they appear as m ore or less circular bodies, som ew hat 

thickened towards the circumference, m any o f them  having their surfaces raised into irregular folds....The 

m ore perfect discs are seen to be surrounded by a double contour line-the optical expression of the fact that 

these discs are really thick-walled sacs. The saccular character is best seen in transverse section or when 

the sac is broken. A  closer exam ination enables one to see that the w alls o f these sacs are not 

homogeneous. Numerous dots are scattered over the surface, which becom e somewhat elongated towards 

the edges o f the disc. W hen exam ined with a power o f about 250 diameters, the dots can be resolved into 

m inute circles about one three-thousandth o f an inch in diam eter with a still sm aller dot in the centre. 

These structures are best seen in the discs o f the W hite Coal. It may be thought that these structures are 

com parable to the granules shown on the surface o f some o f the m acrospores o f Flemingites', bu t the 

study o f transverse sections shows at once that these dots are not mere surface marldngs, for they can be 

distinctly traced as m inute lines (tubes?) passing from  the outer to the inner surface.(...), but owing to
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the section not being in  quite the same plane as the lines, they do not appear to extend quite through. In 

addition to the fine lines, the walls o f the sacs exhibit obscure longitudinal marldngs, which give them  a 

lam inated appearance....The discs vary in diam eter....from  about one-eightieth to one-fiftieth o f an inch. 

M r. M acN aughton speaks o f a thin outer crust o f these dises, which may be seen when they are ruptured. 

I have exam ined all my preparations, both sections and separated discs, in order to distinguish this outer 

coat, but have been unable to do so. One easily recognizes in transverse sections that the walls o f the 

sacs vary m uch as regards thickness: and...some may be seen to be m uch m ore transparent than the rest; 

but I have failed to see any real difference between the thicker and the thinner sacs, or to find them  in 

anything like the relation o f an inner and outer coat. Nearly all the sacs are so com pressed that their walls 

are brought into eontact; but occasionally on may be found sim ilar to containing a quantity o f black 

m aterial differing in appearance from  the surrounding m atrix and w hich appears to consist o f m inute 

rounded particles about ttoee-thousandth o f an inch in diameter."

D iagnosis. (Eisenack 1958a, p. 2; translation by Eisenack et al. 1979b, p. 231-232). "Hollow 

spherical, generally com paratively thick-w alled and o f a very resistant, yellow ish to dark red-brow n 

hyaline organic substance consisting o f organic rem ains whieh often are preserved in a disc-shaped 

com pressed state or also inegularly  folded. W all with m ore or less numerous pores which rarely penetrate 

the entire wall, but often either end blindly in the thick wall from the outside or from  the inside. Pylom e 

present, how ever usually uneom m on. The w all pores are not always visible in each specim en o f a 

species; it is essential that they should occur in the m ajority o f the species."

R em arks. A  list o f taxa that have been considered synonymous w ith this genus is given in 

Fensom e e t al. (1990, p. 471). The diagnosis o f E isenack (1958a, p. 2) has been considered an 

em endation o f the genus by some authors, though others consider that it was not intended as such (see 

Fensom e et al., p. 471).

Group ACRITARCHA Evitt 1963 

Genus Ammonidium Lister 1970

Type species. By original designation, Baltisphaeridium  microcladum  Downie 1963, p. 645, pi. 

92, fig. 6; sam ple BS/3, W enlock Shales (= B uildw as Form ation), W enlock Series, H arley Brook, 

W enlock Edge, Shropshire.

Diagnosis. (Lister 1970, p. 48). "Vesicle hollow, spherical to ellipsoidal, single-walled; vesicle 

wall sm ooth or sculptured. Processes num erous, evenly spaced, m ore or less rigid, hollow , tapering, 

com m unicating freely w ith the vesicle cavity; distally the processes have equifurcate term inations. 

Excystm ent by cryptosuture, apical or near-equatorial."

R em arks. Species o f M ultip lic isphaerid ium  d iffer in having processes that display a great 

variation in style o f branching; species o f A m m onid ium  have branches that are restricted to the very 

distal process exhem ities.
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A m m o n id iu m  w a ld ro n e n se  (Tappan & Loeblich Jr. 1971) D om ing 1981a PI. 2, fig. 20;

PI. 10, fig. 5.

1970 Am m onidium  m icrocladum  (Downie 1963) comb, nov.; Lister, p. 49-50, pi. 1, figs 1-5, 7-11, 

text-figs 17a-d.

1971 Caiacorymbifer waldronensis n. sp.; Tappan & Loeblich Jr., p. 393, pi. 3, figs 1-8.

1973 M ultiplicisphaeridium waldronensis (Tappan & Loeblich 1971); E isenack et al., p. 487-488.

1981a Am m onidium  waldronense  n. comb.; D om ing, p. 183 (no fig.).

.1989 Am m onidium  m icrocladum  (Downie, 1963); Le Hérissé, p. 82-84, pi. 5, figs 7-13.

1990 Am m onidium  waldronense  (Tappan & Loeblich Jr. 1971) D om ing 1981; Fensom e et al., p. 60

(no fig.).

H olo type . Tappan & Loeblich Jr. 1971, pi. 3, fig. 1, isotypes pi. 3, figs 2-8; holotype: 69- 

63(8)31.9-96.1, isotypes: 69-63(13)31.7-109.3, 69-63(13)46.6-98, 69-63(SEM  2966-2967), 69-63(SEM  

2732-2733, 2744); from  W aldron Formation, upper W enlock Series, Tunnel M ill, Indiana.

D iagnosis. (Tappan & Loeblich Jr. 1971). "Vesicle ovate to subcirculai' in outline, ornamented 

w ith num erous processes, m ore than 40 visible from  one side; processes hollow  and com m unicating 

freely w ith the vesicle interior, 5-10|JL in length, rather rigid, up to about 2(1 in diam eter a t the  base, 

tapering slowly to a furcate tip. W ith the light m icroscope the true nature o f the term ination is barely 

indicated, but w ith the scanning electron microscope the distal termination is shown to be a division into 

six sm all aculeate branches up to 0.35(1 in length aiTanged in a rosette. W all thin, slightly less than l( i  

in thickness; both vesicle and process walls laevigate; excystm ent by a simple rupture and splitting of 

the vesicle wall."

D escrip tion . Vesicle single walled, spherical to ellipsoidal, foveolate. Processes num erous, 

evenly spaced, hollow, open to the vesicle interior, rigid or slightly flexuous, smooth, narrow, slightly 

tapering w ith closed tips and expanded bases. Tips poorly preserved, b ifurcate or w ith a rosette 

arrangem ent o f up to six small spines w hich do not appear to be secondary branched. Excystm ent by 

unornamented rupture.

Dimensions. V=20-32(im, PL=7.5-13(im, P 0 b = l-3 (im  (10 specimens measured).

Rem arks. A lthough the diagnosis o f Tappan & Loeblich Jr. (1971) states that the vesicle o f A. 

waldronense  is laevigate, the holotype and two isotypes, illustrated by hansm itted light m icrophotographs 

(Tappan & Loeblich Jr. 1971, pi. 3, figs 1-3), clearly have ornam ented vesicles. The tw o isotypes 

illustrated w ith scanning electron m icrophotographs have laevigate vesicles and probably represent a 

separate species.

A. w aldronense  was considered a jun io r synonym of A. microcladum  by Le Hérissé (1989, p. 

82). After exam ining the holotype of A. m icrocladum  (Downie 1963, pi. 92, fig. 6) it is clear that A. 

m icrocladum  and A. waldronense  are two very distinct taxa. The processes o f A. m icrocladum  have a 

m uch m ore colum nar aspect, w ith  the tips being m ore com plexly branched; the vesic le  o f  A. 

m icroc ladum  appears faintly ornam ented, but lacks the distinet foveolae o f A. w aldronense. Those
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specim ens figured as A. m icrocladum  by L ister (1970) and Le H érissé (1989) clearly belong in  A. 

waldronense.

A n intraspecific variation was distinguished by Le Hérissé (1989, p. 83), with two extremes:

1.) Forms w ith small vesicles and m ore numerous, narrow, shorter processes.

2.) Forms with larger vesicles and fewer, wider, longer processes with longer branches.

This intraspecific variation was also reported to be apparent in Salopidium  granuliferum  and

G racilisphaeridium encantador Cram er 1970a by Le Hérissé (1989, p. 82). The taxa S. granuliferum  and 

G. encantador closely resemble A. waldronense and the three taxa aie distinguished from each other by the 

nature o f their process terminations. S. granuliferum  has simple, unbranehed processes, A. waldronense  

has a variable number of branches arranged in a rosette and G. encantador has a rosette o f branches which 

are jo ined  together, forming a series o f loops.

Occurrences. M uch W enlock Lim estone Fonnation and Elton Group, W enlock-Ludlow series, 

Ludlow  and M illichope areas; E lton Group, Ledbury (L ister 1970, as A. microcladum)', W aldron 

Form ation, upper W enlock Series, Indiana (Tappan &  Loeblich Jr. 1971); M uch W enlock Lim estone- 

Low er Lein tw ardine form ations, W enlock-Ludlow  series, Ludlow  (L ister & D ow nie, 1974, as A. 

m icrocladum )', C oalbrookdale Form ation-Elton Group, W enlock-Ludlow  series, W elsh B orderland 

(D om ing 1981a); M uch W enlock Limestone-M iddle Elton formation, Pitch Coppice Quarry and Goggin 

Road. Known range: W enlock-Ludlow series.

A m m o n id iu m  sp. A  PI. 2, fig. 21; PI. 10, figs 6-7.

Description. Vesicle spherical to ellipsoidal, thin walled, foveolate. Processes numerous, short, 

hollow, open to the vesicle interior and tapering to branched tips. The branches are short and spinose, 

arranged in a rosette around the tip o f the process. In poorly preserved specimens, the process tips appear 

to be capitate. Excystm ent mechanism  not observed.

Dimensions. V=18-24(im, PL=2-7(im, P0b=O.5-1.5(im  (10 specimens measured).

Rem arks. This taxon appears nearly identical to A. waldronense, but differs in having shorter 

p rocesses, w ith less w ell developed branching a t the process tips. A m m o n id iu m  r ig id u m  var. 

ludloviensis L ister 1970 has a laevigate vesicle and slighlty larger processes bases. Am m onidium  listeri 

Sm elror 1987, from  the early Silurian o f Norway, is sim ilar to Am m onidium  sp. A, but has a laevigate 

vesicle. A m m onid ium  sp. 1 and A m m on id ium  sp. 2 o f Turner et al. (1995), from  the C oalbrookdale 

Formation, W enloek Series, o f Shropshire, are also similar, but again differ in having laevigate vesicles.

O ccurrence. M iddle E lton Form ation, G oggin Road. Known range: M iddle-U pper Elton 

formations, Ludlow Series.
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Genus Baltisphaeridium Eisenack 1958b ex Eisenack 1959 
emend. Staplin, Jansonius & Pocock 1965 

emend. Eisenack 1969 emend. Eiserhardt 1989

Type Species. By original designation, Ovum hispidum  var. longispinosum  E isenack 1931, p. 

110-111, pi. 5, figs 6-17; Ordovician, Baltic erratic. [Holotype lost (E isenack 1959, p. 194), neotype 

designated (E isenack 1959, p. 194, pi. 15, fig. 1; B altisphaerid ium  long isp inosum  form a filife r a ) ,  

Chasmops-Kalk, Boda, Oland, Sweden.]

D iagnosis. (E iserhardt 1989, p. 89-90). "1. Features o f im portance (represented by type 

m aterial) are: Prim ary form  of the vesicle is spherical w ith some tendency to polygonality. A  m ulti­

layered m em brane com position is possible-but not proven. Angular proxim al process contact w ith the 

vesicle, but tendency to basal expansion is represented. The processes are hom om orph, simple, evenly 

distributed over the vesicle, hollow  and distally elosed; no communication between processes and central 

bodies cavity. In typical cases the proeesses are long and slender, with narrow central lum en and solid 

base, which seems to be derivated [i/c] from  the proeess membrane. Process mem brane m ore delicate and 

transparent than vesicle membrane.

2. Supplemented generic inventory by dedueted features: Variation o f vesicle geometry tends to 

two different final stages; these are i) a perfect spherical outline, ii) a vesicle outline o f distinct irregular 

polygonality. Even very thin and transparent vesicle m embranes are reliably deducted [iic]. I f  vesicle 

m em brane is developed in this way, the process m embrane is reduced analogically [fic]. Unsym m etrical 

process distribution and heterom orphous process outline (i.e. rare bifurcations and variation in process 

size) are truly w itbin generic bounds. In the course o f process m ultiplying, the reduction o f process 

length seems to be a frequent attendant phenomenon. If developed, membrane ornamentation is a fine one 

(i.e. mierogranulate, -echinate etc.).

3. Features o f presumed congenerity are (present state o f knowledge):

a) processes with hollow bases,

b) solid processes (if they can considered being derivated [i'l'c] from hollow types),

c) hollow  processes w ith initial com m unication to the vesicle cavity (but only i f  such 

perforated base can be declared as being derivated [«'c] from a proximally elosed process type)".

R em arks. The nature o f the excystm ent opening (pylom e) separates B altisphaerid ium  from  

Baltisphaerosum  Turner 1984 (rupture). The processes of Baltisphaeridium  aie generally simple; those of 

Leptobrachion  and Cym bosphaeridium  have branched tips; Eisenackidium  generally has broader based 

processes, som e o f w hich appear to possess a nerve-like structure paralle l to the ir longest axis; 

Oppilatala  has hollow processes which do not communicate with the vesicle cavity, however, the vesicle 

is single walled and the processes aie plugged within their length.

B a l t is p h a e r id iu m  m u ld ie n s is  Le H érissé 1989 Pl. 2, fig. 22; Pl. 10, figs 8-10.

V. 1970 Baltisphaeridium  sp. nov; Lister 1970, p. 59, pi. 2, figs 13, ? 15.
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1989 Baltisphaeridium  muldiensis n. sp.; Le Hérissé p. 85, pi. 5, figs 17, 18, pi. 6, figs 1,

2 .

H olotype. Le Hérissé 1989, pl. 5, figs 17-18, pl. 6, fig. 2; G662 B l,  SGU 7318, P41/3; from  

the M ulde Formation, W enloek Series, Bjarges. 1, Gotland.

D ia g n o ii j . (T r a n s la te d  from  L e  H érissé  1989, p. 85). "This species o f the  genus 

B altisphaerid ium  is small in size, w ith a spherieal vesicle and thick wall adorned w ith 30-40 narrow, 

cylindrical, hollow, transparent processes, the m ajority o f which are simple, though som e are branched; 

the longer the processes the sm aller the diam eter o f the vesicle. The processes have a sharp angular 

contact w ith the vesicle and do not com m unicate w ith the central cavity; they are neither plugged nor 

narrow ed at the base. U nder the SEM  the trunk o f the processes appear ornam ented w ith longitudinal 

crests in relief; the surface o f the vesicle being densely and irregularly mierogranulate."

Description. Vesiele spherical, rarely ellipsoidal, laevigate or m ierogranulate, moderately thick 

w alled (~1.5(lm), com m only bearing sm all circular structures. Processes thin, cy lindrical, hollow , 

flexuous, tapering from  an angular- contact w ith the vesicle; m ost processes simple, some rarely bifurcate 

^ 4-^/3 along their length. Processes can be laevigate, though m ost have striate bases; on som e 

specimens the striae extend to the process tips. The processes do not com m unicate w ith vesicle interior, 

though they are not plugged. Excystm ent mechanism  not observed.

Dimensions. V=20-26(tm, PL=10-21(im, P 0b= l-3 (lm , PN=10-16 (10 specimens measured).

Rem arks. This species was described as having 30-40 processes by Le Hérissé (1989), but the 

holotype (pi. 5, fig. 17-18, pi. 6, fig. 2) has considerably fewer. It may be that Le Hérissé also counted 

the circular structures on the vesicle surface, which appear to be the bases o f broken processes, though 

these still do not occur in sufficient numbers. These circular structures, w hich are identical on all 

specim ens, a ie  seen on alm ost all exam ples recovered; they have diam eters equal to the base o f the 

processes and end with smooth surfaees, not ragged terminations. These structures are sim ilar to those 

seen on the holotype o f Lanveocia form osa  D eunff 1978, from  the Devonian. The specimen, illustrated 

by scanning electron microscopy (D eunff 1978, pi. 1, figs 1, 4; re-illustrated in E isenack et al. 1979a, p. 

273), clearly shows eircular structures resulting from the breakage o f processes, and also shows one o f the 

processes cleanly breaking away. The diagnosis o f the genus Lanveocia  on the basis o f striations on the 

processes, which are only visible w ith a SEM, was questioned by Le Hérissé (1989, p. 86), though he did 

not synonym ise L anveocia  and B altisphaerid ium . He com pared B. m uldiensis  to B altisphaerid ium  

distentum  Playford 1977, which also has shiate processes, and considered that his new species displayed 

enough features to be included in Baltisphaeridium.

Occurrence. M ulde, Klinteberg and H em se formations (Homerian and low er Gorstian stages), 

G otland (Le H érissé 1989). M uch W enlock Lim estone, Low er and M iddle Elton form ations. Pitch 

Coppice Quan-y and Goggin Road. Known range: Homerian-lower Gorstian stages.
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B a l t is p h a e r id iu m  m u ld ie n s is  var. A  PI. 3, fig. 1.

Description. Vesicle spherical, moderately thick walled (~1.5(lm), laevigate under transm itted 

light, bearing num erous circular structures. Processes long, flexuous, hollow , tapering to sim ple tips, 

not com m unicating w ith vesicle interior but not obviously plugged; processes appear laevigate under 

transm itted light. Excystm ent opening not observed.

Dimensions. V=24(tm, PL=30(im, P0b=1.5(im , PN=14 (1 specimen measured).

Remarks. This taxon is separated, and differs, from typical B. muldiensis in having m uch longer 

processes. It does, however, have the cireular structures on the vesiele surfaee that are characteristic o f B. 

muldiensis.

Occurrence. From a single sample in the Lower Elton Formation, Goggin Road.

B a l tis p h a e r id iu m  ? s p in a tu m  sp. nov. PI. 8, figs 21-23; PI. 12, figs 15-16.

N am e. Species name spinatum , after the latin spina  = spine, refering to the spinose nature o f 

the processes.

H o lo type . PI. 8, figs 21-22; G O G 5/245-A  (l)-R 44/2 ; from  the M iddle Elton Form ation, 

Goggin Road, M ortim er Forest, Ludlow.

D iagnosis. Vesicle spherical, dark, covered w ith numerous processes, or where the processes 

have broken, by thickened, circular hoops. Processes simple, spinose, hollow. Excystm ent via a pylom e 

(3-5(im diameter).

Dimensions. V=10-13(tm, PL=2-6.5(im, W =0.25-l(im  (14 specimens measured).

Remarks. Specimens assigned to this species m ay occur as isolated individuals or clusters (upto 

four specim ens have been found associated together). This species has been provisionally assigned to 

Baltisphaeridium  because it is difficult to ascertain w hether the process cavities are open or closed to the 

vesicle interior. U nder hansm itted light they appear closed; with a SEM, broken processes suggest some 

are open and others closed (PI. 12, fig. 16). Excystm ent occurs via a small circulai' pylom e, w hich is 

typical o f species o f Baltisphaeridium.

O ccurrence. F irst recorded at the Low er/M iddle Elton fo m a tio n  boundary at G oggin Road 

(samples TRENCH4/LE2-A-TRENCH4/M E2-A), and has sparse occurences higher in the M iddle Elton 

Form ation.

B a l t i s p h a e r id iu m  sp. A PI. 3, fig. 2.

D escrip tion . V esicle spherical to ellipsoidal, thin or m oderately thick walled (0.25-1.5(lm), 

laevigate under hansm itted light. Over the vesicle surface are numerous circular structures, which are the 

bases o f processes which have broken off. Processes numerous, hollow, closed to vesicle interior, evenly 

distributed, laevigate under transm itted light, straight or flexuous, w ith m ost tapering to sim ple tips, 

though some may bifurcate (either proxim ally or distally). Excystment m echanism not observed.
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Dimensions. V=18-26(im, PL=8-17|0,m, P0b=O.75-2|j,m, PN=26-37 (4 specimens measured). 

Remarks. The greater num ber o f processes and circular structures present on specimens o f this 

taxon separate it from  B. muldiensis.

O ccu rren ce . Low er E lton Form ation (P itch Coppice Quarry); low erm ost L ow er E lton 

Formation, w ith rare occurrences in the M iddle Elton Fonnation, Goggin Road.

Genus Buedingiisphaeridium Schaarschmidt 1963 
emend. Lister 1970 emend. Sarjeant & Stancliffe 1994

1977 Adara; Fombella, p. 117. (according to Saijeant & Stancliffe 1994)

Type Species. By original designation Buedingiisphaeridium  perm icum  Schaarschm idt 1963, p. 

70, pi. 20, figs 4-6, text-fig. 26; from  the Upper Perm ian (Zechstein), Germany.

D iagnosis. (Sarjeant & Stancliffe 1994, p. 24). "Vesiele spherical, o f small to m oderate size. 

Eilym a ornam ented by numerous low verrucae or conical tubercles, closed at the tip, often thickened or 

solid, som etim es hollow , or partially  so, and w ith cavities com m unicating w ith the vesicle interior. 

Height o f verrucae or tubercles typically less than 2 (im."

R e m a rk s .  The diagnosis given by Staplin et. al. (1965, p. 179) was considered to be a 

translation o f the original diagnosis o f Schaarschm idt (1963) by L ister (1970, p. 59). Staplin e t al. 

(1965) did not indicate this, nor did they indieate that their diagnosis was an emendation. The proposals 

o f Staplin e ta l. (1965) were, however, followed in the emendation of Sarjeant &  Stancliffe (1994, p. 24). 

The relationship between Buedingiisphaeridium  and Lophosphaeridium  was briefly discussed by Sarjeant 

& Stancliffe (1994, p. 32), who retained  both genera until the m orphology o f the type species o f 

Lophosphaeridium  was more clearly understood.

B u e d in g iisp h a e r id iu m  p y ra m id a le  L ister 1970 PI. 3, figs 3-4.

V.  1970 Buedingiisphaeridium  sp. nov.; Lister, p. 61, pi. 3, fig. 9.

V* 1970 Buedingiisphaeridium  pyram idale sp. nov.\ Lister, p. 61, pi. 3, figs 11-14, text-figs

17h, 20e.

1981a Tylotopalla pyram idale  n. comb.; Dom ing, p. 200 (no fig.).

1990 Tylotopallapyram idalis (Lister 1970) D om ing 1981; Fensom e e t a l ,  p. 500 (no fig.).

H olo type . L ister 1970, pi. 3, fig. 12; M PK  82; Low er Elton Form ation, Ludlow  Series, 

M D12, M illichope, Shropshire.

D iagnosis. (Lister 1970, p. 61). "Vesicle hollow, subspherical, thin-walled; wall unilayered, 

sm ooth to faintly striate; num erous hollow  pyram idal outgrowths ornam ent the test; the tips o f these 

outgrowths appear to be solid; their bases are coineident. Excystment is by cryptosuture, apical or near- 

equatorial. Total dehiscence, resulting in a rem oval o f the operculum, was not seen."
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D escrip tion . V esicle very thin, single walled, spherical to ellipsoidal, laevigate. Processes 

num erous, laevigate, hollow, open to vesicle interior, rarely appearing striate, heterom orphic (conical, 

rounded, or com prising only the small thickened tips evident on all processes). W ithin a single specimen 

all o f the different process m orphologies can occur, although a single type dom inates. Excystm ent by 

unornamented rupture.

Dimensions. V=23-36(im, PL=0.2-2.5(tm, P0b=O.2-3|xm (10 specimens measured).

Rem arks. The supposed echinate nature o f the processes on the holotype was used to transfer 

this species to Tylo topa lla  (D om ing 1981a, p. 200). N one o f the processes on the holotype or the 

specimens recovered herein are echinate and the transfer of the species to Tylotopalla  by D om ing (1981a) 

is rejected and the species retained in Buedingiisphaeridium.

The morphology of the late Arenig taxon Beudingiisphaeridiumfuscipetiolatum  (Cram er & Diez 

1977, p. 353, pi. 3, figs 1-5, text-fig. 3:1) Hu Yunxu 1986 closely resembles that o f B. pyram idale. The 

processes display the same heterogeneity on a single specimen; they are, however, m ore irregularly 

distributed and have larger solid tips which extend further down the processes, which can be occasionally 

com pletely solid (e.g. Cramer & Diez, pi. 3, fig. 1). The vesicle diam eter o f B .fu scipe tio la tum  is also 

larger than B. pyramidale  (V = 45-55(im vs' 23-36(im this study).

Occurrence. From one horizon at the top o f the Low er Elton Formation, Ludlow and M illichope 

areas (Lister 1970); Llandovery-lower W enlock series, Llandovery type area and W elsh Borderland (Hill 

1974); E lton Group (upper o f biozone L I), Ludlow Series, W elsh Borderland (D om ing 1981a). In 

the present study the species has been recorded at two distinct levels; the M uch W enlock Lim estone- 

Low er Elton form ation boundary. Pitch Coppice Quarry and Goggin R oad and the upperm ost Low er 

Elton Formation, Goggin Road. Known range: Llandovery-lower Gorstian stages.

Buedingiisphaeridium  reticulum  sp. nov. PI. 3, fig. 5.

N am e. Species name reticu lum , from  the latin reticu lum , refering to the reticulate pattern 

present on the vesicle surface, whieh is produced by the closely spaced processes.

H olo type. PI. 3, fig. 5; G O G 2/69-A  (l)-G 45/3; from  the Low er Elton Form ation, Goggin 

Road, M ortim er Forest, Ludlow.

D iagnosis. Vesicle spherical to ellipsoidal, thick walled (l-2(im ). Processes numerous, solid, 

covering the entire vesiele to produce a reticulate pattern when viewed from  above; heterom orphic on a 

single specimen, rounded, conical or columnar with flattened tips. Excystm ent by unornam ented rupture.

Dimensions. V=22-39|0.m, PL =l-3(im , P0b=1.5-2.5(im  (9 speeimens measured).

Remarks. This species is distinguished from B. pyramidale  by its thicker vesicle wall and denser 

arrangement o f processes, which can often give a characteristic reticulate appearance.

O ccurrence. M uch W enlock Lim estone-M iddle Elton formation. Pitch Coppice Q uarry and 

Goggin Road.
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Genus Carminella Cramer 1968a

Type Species. By original designation, Carminella maplewoodensis C ram er 1968a, p. 67, pi. 1, 

fig. 7; from  the M aplewood Formation, upper Llandovery Series, New York.

Diagnosis. As for type species (see below).

Rem arks. This genus is represented by a single species and the generic diagnosis is identical 

w ith that o f the type species (Cramer 1968a).

C a rm in e lla  m ap lew o o d en s is  C ram er 1968a PI. 3, fig. 6.

1968a Carminella m aplewoodensis n. sp.; Cramer, p. 67, pi. 1, fig. 7.

1969b Carminella inaple woodensis C ram er 1968 [sic]; Cramer, p. 75, pi. 9, fig. 3.

1990 Carminella maplewoodensis Cram er 1968a; Fensom e et al. p. 140 (no fig.).

H olotype. C ram er 1968a, pi. 1, fig. 7; slide F-3201; from  the M aplew ood Form ation, upper 

Llandovery Series, New York.

D iagnosis . (C ram er 1968a, p. 67). "Central body spherical, hollow . Central body wall 

probably unilayered, thin, and often wrinkled. No openings other than accidental ones were observed. 

The vesicle wall is covered w ith numerous processes which are arranged in a fairly regular equidistance 

pattern. The processes are 0.5 m icron or less thick and are o f a variable length. The bases o f the 

processes are distinctly broadened, giving the cenhal body wall a goose pim ply appearance. The process 

distribution sym m etry is pronouncedly bipolar': at both poles there are bald spots and the equator is the 

divide o f two curvature directions of the processes. The processes point towards the pole nearest to them. 

The length o f the processes decreases gradually from  pole to equator. A t the poles they are up to 25 

microns long; at the equator 5 m icrons or less. It is likely that the processes are solid; their expanded 

bases, how ever, m ight be hollow . A part from  the processes, the central body w all is psilate. The 

processes are attached distally to a very thin cylindrical m embrane (less than 0.3 m icron thick). The axis 

o f this m em brane is parallel to the N-S axis o f the central body; the m embrane is open at both ends, and 

has a smooth, not crenulate termination. Due to its thinness, the membrane is usually wrinkled and tends 

to collapse above the poles. The m em brane is psilate and is o f uniform  thiekness. The exact way of 

attachm ent o f the processes to the m embrane could not be ascertained with an ordinary light m icroscope, 

but it is certain that no sueh structures as are found at the distal term inations o f T unisphaerid ium  are 

present."

D escrip tion . V esicle spherical to ellipsoidal, w ith a single, extrem ely thin, laevigate wall, 

w hich is w rinkled in appearance. A t each pole, thin, wiry, solid processes support a fine, wrinkled, 

m em brane that encircles the vesicle. The processes do not expand distally and their length decreases 

tow ards the equator from  a m axim um  at the poles; the vesicle between the poles is unornam ented. 

Excystm ent mechanism  not observed. ^

Dimensions. V=40-49(tm, PL=m axim um  of 20(lm (2 specimens observed).
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Remarks. Specimens recovered in the present study are smaller than the type material (V = 40- 

50(tm vs' 60-70(lm), but do fall w ithin the size range o f the hypotypes recovered from  the M aplewood 

Form ation by Loeblich Jr. (1970, p. 713; V = 40-55(lm).

Riculasphaera fissa  Loeblich Jr. & Drugg 1968, from the Low er Devonian, Haragan Formation, 

Oklahom a, is sim ilar to C. maplewoodensis. Both possess encircling, mem branous, polar extensions, 

though in R. fis sa  some of these extensions are bag-like, being nearly com pletely closed. R. fis sa  also 

possesses a complete rupture type o f excystm ent opening, which almost divides the vesicle in two.

O ccurrence. M aplew ood Form ation, upper Llandovery Series, New Y ork (Cram er 1968a); 

Silurian, N W  Spain (Cram er 1969b); Llandovery-Prfdolf series, F lorida borehole m aterial; O sgood 

Form ation , upper L landovery Series, Kentucky; R ose H ill Form ation, upper L landovery  Series, 

Pennsylvania and V irginia (Cram er 1971; C ram er & Diez 1970, 1972; Loeblich Jr. 1970); Los Espejos 

Form ation, W enlock Series, Argentina (Pôthé de Baldis 1975); Tanezzuft Form ation, W enlock Series, 

subsurface North Africa (Richardson & loannides 1973); Hughley Shales, upper Llandovery-Leintwardine 

Group, upper Ludlow  series, W elsh B orderland (D om ing 1981a); m iddle-upper L landovery Series, 

Llandovery type area (Hill & Dom ing 1984); Llandoveiy-lower W enloek series, Llandovery type area and 

W elsh Borderland (Hill 1974); upper L landovery Series, Canada (Achab 1976); Devonian, Paraguay 

(Pôthé de Baldis 1974b); upper Llandovery-low er W enlock series, W enlock type area (M abillard & 

Aldridge 1985); Llandovery-W enlock series, Gotland (Le Hérissé 1989); Silurian, A rgentina (Rubinstein 

1993); C oalbrookdale Form ation, W enlock Series, Shropshire (T urner et al. 1995); R are in the 

Lower/M iddle Elton formations, Goggin Road. Known range: upper Llandovery-Prfdolf series.

Genus Comasphaeridium Staplin, Jansonius & Pocock 1965

1970 Elektoriskos  Loeblich, n. gen.; Loeblich, p. 717.

1991 Globospliaeridium  n. gen.; M oczydlowska, p. 54.

Type Species. By original designation, M icrhystridium  com etes V alensi 1949, p. 545, fig. 5, 

no. 6; from  the Bathonian Stage, Upper Jurassic, France.

Diagnosis. (Staplin et al. 1965, p. 192). "Vesicles spherical to ellipsoidal, sometimes o f large

size; with densely crowded, thin, solid, usually simple, m ore or less flexible hair-like spines."

R em arks. The type species o f this genus, C. cometes, is described from  the Jurassic, w hich

raises the possibility that it may be a cyst o f a dinoflagellate (e.g. Cleistosphaeridium).

The taxa Elektoriskos Loeblich Jr. (1970, p. 717) and Comasphaeridium  Staplin et al. (1965, p. 

192) were distinguished by the lack o f densely crowded, hair-like processes on Elektoriskos (Loeblich Jr. 

1970, p. 717). A comparison o f the diagnoses o f Elektoriskos and Comasphaeridium  led Eisenack et al. 

(1976, p. 245) to consider Elektoriskos a junior synonym of Comasphaeridium. The genus was retained, 

how ever, by W icander & W ood (1981, p. 36), though no reasons were given and no diseussion on the 

relationship w ith Comasphaeridium  entered into. Process spacing was cited as insufficient evidence for 

generic separation by Sarjeant & Stancliffe (1994, p. 67) and they agreed with Eisenack e t al. (1976) in
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considering E lektoriskos  to be a jun io r synonym  of Comasphaeridium . The genera C lobosphaeridium  

M oczydlow ska 1991 (p. 54) and H eliosphaerid ium  M oczydlowska 1991 (p. 58) were also considered 

ju n io r synonym s o f C om asphaerid ium  by Sarjeant and Stancliffe (1994, p. 25), The processes o f 

H eliosphaeridium  are, however, hollow, open to the vesicle interior and occasionally branched, and the 

genus is considered here to be distinct from Comasphaeridium  and Filisphaeridium.

The genera Comasphaeridium  and Filisphaeridium  were emended by Sarjeant & Stancliffe (1994, 

p. 25, 28), who used the difference in process nature and the process length : vesicle diam eter ratio  to 

distinguish the two taxa. This m ethod is considered im practical, for exam ple T r ic h o lig o tr ile tu m  

tim ofeevii Stockm ans & W illière 1962a (considered synonym ous w ith F. w illiereae  by Stoclanans & 

W illière 1974) has a process:vesicle ratio  o f 0 .18-0.29, which, under the diagnoses o f Sarjeant & 

Stancliffe (1994), w ould place it in either Comasphaeridium  or Filisphaeridium. It would seem sensible 

to divide the two genera on the presence or absence o f structures at the distal ends o f the processes, 

placing those forms w ith predom inantly simple processes in Comasphaeridium  and those with branched, 

capitate, clavate or thickened tips in F ilisphaerid ium ', this w ould follow , in essence, the original 

designation o f the genera in Staplin et al. (1965, p. 192).

C o m a sp h a e r id iu m  b re v is p in o su m  (L ister 1970) comb. nov. PI. 3, fig. 7.

1970 Filisphaeridium  brevispinosum  sp. nov.; Lister, p. 72-73, pi. 7, figs 5-10, text-fig. 22.

1979 Elektoriskos brevispinosum  (Lister) nov. comb.; Vanguestaine, p. 247, pi. 3, fig. 18, pi. 4,

fig. 14.

1984 Comasphaeridium  brevispinosum  (Lister 1970); Sheshagova, p. 31, pi. 22, fig. 8 (invalid 

combination)

1990 Elektoriskos brevispinosum  (Lister 1970) Vanguestaine 1979; Fensom e et al., p. 209. (no 

Gg.).
1994 Filisphaeridium  brevispinosum  Lister 1970; Sarjeant & Stancliffe, p. 29 (no fig.).

Holotype. Lister 1970, pi. 7, fig. 8; M PK 135; from  the Upper W hitcliffe Form ation, Ludlow  

Series, LD22, W hitcliffe, Ludlow, Shropshire.

D iagnosis. (L ister 1970, p. 72). "Vesicle smooth, thin-walled, hollow, spherieal; num erous 

solid hair-like processes, up to 10% of vesicle diam eter in length; within a given individual, processes 

are o f equal length and spacing. Excystment by cryptosuture."

Description. V esicle spherical to ellipsoidal, w ith a very thin wall and numerous simple, solid, 

straight or flexuous, wiry processes, which have slightly expanded bases. Excystm ent by unornam ented 

rupture o f the vesicle wall.

Dimensions. V=20-36(im, PL=2-8(im (9 specimens measured).

Remarks. The combination C. brevispinosum  was not validly published by Sheshagova (1984) 

as the basionym  was not fully referenced (Fensome et al. 1990, p. 149). This taxon has been transferred
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to C om a sp h a erid iu m  on the grounds that it has a thin spherical to ellipsoidal vesicle w ith a dense 

arrangement o f simple, wiry, solid processes (see Comasphaeridium-B&maxks above).

In the Ludlow area the number, length and density o f processes have been reported to increase 

from  the Low er Elton-D ow nton Castle Sandstone form ations, w ith the m ost densely setose form s 

occuixing from  the Upper W hitcliffe Formation (Lister 1970, text-fig. 22).

Occurrence. M uch W enlock Limestone-Downton Castle Sandstone formations (upper W enlock- 

Prldoll series, Ludlow, Shropshire (L ister 1970, L ister & D ownie 1974); Siegenian Stage, B elgium  

(V anguestaine 1979); Los Espejos Formation, low er Ludlow Series, Argentina (Pothé de Baldis 1981); 

Silurian, Argentina (Rubinstein 1993); m ost abundant over the M uch W enlock Lim estone-Lower Elton 

form ation boundary (Pitch Coppice Quarry and Goggin Road), being rare in the rem aining Low er Elton 

Form ation (Goggin Road). Known range; W enlock Series-Siegenian Stage.

C o m asp h a e rid iu m  w illie reae  (Deflandre & Deflandre-Rigaud 1965 ex Lister 1970) Sarjeant 

& Stancliffe 1994 PI. 3, fig. 8.

1963 Baltisphaeridium  aff. polytrichum  (Valensi 1947); Stoekrnans & W illière, p. 460, pi. 3, figs

24, 25, text-fig. 16.

1965 Micrhystridium williereae', Deflandre & Deflandre-Rigaud, fiche 2347. (nomen nudum).

1969a Baltisphaeridium  chiggerum  Cramer 1968; Cramer, pi. 70, fig. 18. (nomen nudum).

1969a M icrhystridium  chiggerum  Cram er 1968a; Cramer, p. 486 (no fig.) (nomen nudum).

1970a Comasphaeridium williereae (Deflandre & Deflandre-Rigaud 1965); Cramer, p. 121-122, text-

fig. 37. (nomen nudum).

1970 Filisphaei'idium williereae (G. & M . Deflandre 1965) eomb. nov. emend.; Lister, p. 73, pi. 7, 

figs 1-4. (November).

1970 Elektoriskos pogonius  n. sp.; Loeblich Jr., p. 718-719, figs 13A, B. (December).

1976 Comasphaeridium williereae Cxamsr 1910', E isenack e ta l.,  p. 135-137. (illegitimate)

1979 Elektoriskos williereae  (Deflandre & Deflandre-Rigaud) eomb. nov.; Vanguestaine, p. 247, pi.

1, figs 13, 14, pi. 3, fig. 20.

1990 Elektoriskos williereae (Deflandre & Deflandie-Rigaud 1965a ex Lister 1970) Vanguestaine 

1979; Fensom e et a l ,  p. 210 (no fig.).

1994 Comasphaeridium pogonium  (Loeblich Jr. 1970a) comb, nov.; Sarjeant & Stancliffe, p. 27 (no 

fig-)-

1994 Comasphaeridium williereae (Deflandre & Deflandre 1965 ex Lister 1970) comb, nov.; Sarjeant 

& Staneliffe. p. 27 (no fig.).

H o lo ty p e .  S tockm ans & W illière 1963, pi. 3, figs 24, 25 (as B a l t is p h a e r id iu m  aff. 

polytrich ium  (Valensi 1947)); from  the Llandovery Series, borehole material, Belgium; designated by 

Lister (1970, p. 73).
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Diagnosis. (Lister 1970, p. 73). "Vesicle hollow, subspherical to elongate polygonal; vesicle 

wall unilayered, thin; num erous slender, solid, flexuous processes about 40% o f vesicle diam eter in 

length; distally the processes m ost often taper to a poin t but occasionally branch. E xcystm ent by 

cryptosuture."

D escrip tio n . V esicle laevigate, spherical to ellipsoidal, extrem ely thin w alled. A  dense 

arrangem ent o f solid, wiry, flexuous processes, w ith slightly expanded bases, covers the vesicle surface. 

Excystm ent by large, unornamented rupture.

Dimensions. V=22-37|xm, PL=8-14(im , P0=O.3(lm , PN > 35 (6 specimens m easured).

Remarks. The invalidly published species (no holotype or diagnosis) M. williereae  D eflandre & 

Deflandre-Rigaud 1965 was validated as F. williereae by Lister (1970, p. 73), who designated the single 

specim en referred to as B. aff. polytrichum  (Valensi 1947) Stockmans & W illière 1963 (pi. 3, figs 24, 

25) as holotype. The name C. williereae  (Deflandre & Deflandre-Rigaud 1965) was invalidly published 

by Cram er (1970a), as no holotype was designated. There was an attem pt to validate this nam e in 

E isenack e ta l. (1976, p. 136), who designated the holotype as B. chiggerum  (Cram er 1969a, pi. 70, fig. 

18) and cited the diagnosis as that given by Cram er (1970a, p. 121). The taxon F. williereae (Deflandre 

& D eflandre-Rigaud 1965) Lister 1970 was, however, included in synonomy with C. w illiereae  C ram er 

1970a in E isenaek et al. 1976. Thus C. w illiereae  Cram er 1970a in Eisenack et al. 1976 is a jun io r 

synonym  o f F. williereae (Deflandre & Deflandre-Rigaud 1965) Lister 1970, as is, by implication, B. (al. 

M) chiggerum.

E. pogonius  was considered by E isenack et al. (1976, p. 135) to be a jun io r synonym  o f C. 

williereae  C ram er 1970a in Eisenack e ta l. 1976, and would be, by implication, a junior synonym  o f C. 

w illie rea e  used herein. In  proposing E. pogonius, Loeblich Jr. (1970, p. 718) included B. (al. M .) 

chiggerum  in synonymy. The possibility that E. pogonius and M. williereae were conspecific was raised 

by Loeblich Jr. (1970, p. 718), who cited the lack o f knowledge about the nature o f the processes on M. 

williereae, whether they were solid or hollow, as the reason for his uncertainties. Since the size range and 

description o f E. pogonius is nearly identical to that o f F. williereae in Lister (1970, p. 73), E. pogonius 

is considered to be a junior synonym of C. williereae herein.

T he possib ility  tha t F . (now C o m a s p h a e r id iu m )  w il l ie r e a e  and E le k to r is k o s  (now  

C om asphaeridium ) aurora  Loeblich Jr. 1970 were conspecific, was raised by M iller & Eames (1982, p. 

237), who stated that the hair-like, acum inate, processes were sim ilar on both species. The vesicle 

d iam eter o f E. aurora  is larger than F. w illiereae  (type material: 41-47(im vs' 24-40(im ); the process 

lengths, however, fall w ith the sam e range (13(lm  and 9-14(im  respeetively). The m orphology and 

diagnoses o f the two species are very similar, they are, however, hoth retained until exam ination o f the 

holotypes.

O ccurrence. L landovery Series, borehole material, Belgium  (Stockm ans & W illière 1963); 

U pper Llandovery-W enlock series, Belgium  (M artin 1966a, 1969); Form igoso, San Pedro and Furada 

form ations, Llandovery Series-low er Gedinnian Stage, Spain (Cram er & Diez 1968, Cram er 1970a); 

subsurface m aterial (m iddle-upper Silurian), L ibya and Saudi A rabia (C ram er 1970a); Red M ountain 

Form ation, upper Llandovery Series, G eorgia and A labam a; Ross B rook Form ation, low er-m iddle
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Llandovery Series, N ova Scotia; Rose H ill Form ation, upper L landovery Series, Pennsylvania and 

V irg in ia; F lo rida  borehole m aterial (L landovery-Prfdolf series); Pow er G len Form ation, low er 

Llandovery Series, N iagara escarpment. New Y ork and Ontario; N eahga Form ation, upper Llandovery 

Series, N iagara escarpment. New Y ork and Ontario; Crab Orchard Formation, upper Llandovery Series, 

K entucky; M aplew ood Form ation, upper L landovery Series, R ochester, N ew  Y ork and N iagara  

escarpm ent; Plum  Creek Form ation, upper L landovery Series; Red M ountain Form ation, low er-upper 

Llandovery Series; Ross B rook Form ation, low er-upper Llandovery Series, N ova Scotia; Saint C lair 

Form ation, upper L landovery-lower Ludlow series, M issouri (Cramer 1968b, 1969a, 1969b, 1970a & b, 

Loeblich  Jr. 1970, Cram er & Diez 1972); R oehester Form ation, W enlock Series, southern O ntario 

(Thusu 1973a); Ilion Shale, W enlock Series, New Y ork (Thusu 1973b); mainly from  the Low er Elton 

Form ation and rarely in other horizons up to the W hitcliffe Group, Ludlow and M illiehope areas (Lister 

1970); M uch W enlock Lim estone-D ow nton Castle Sandstone form ations, W enlock-Prfdolf series, 

Ludlow  (Lister & Downie 1974); Llandovery-low er W enlock series, Llandovery type area and W elsh 

Borderland (Hill 1974); Siegenian-Emsian stages, Belgium  (Vanguestaine 1979); M edina Group, lower 

Llandovery Series, New Y ork (M iller & Eames 1982); Silurian, Siberia (Shesbegova 1984); Llandovery 

Series, Llandovery type area (Hill & D om ing 1984); low er Silurian, Ringerike, Norway (Sm elror 1987); 

Slite-Sundre form ations, W enlock-Prfdolf series, Gotland (Le Hérissé 1989). M ost com m on over the 

M uch W enlock Lim estone-Low er Elton form ation boundary (Pitch Coppice Quarry & G oggin Road), 

rarely occurring in the M iddle Elton Formation (Goggin Road). Known range; low er Llandovery Series- 

Em sian Stage.

Genus Cymbosphaeridium Lister 1970

Type Species. By original designation, Cym bosphaeridium  bikidum  L ister 1970, p. 64-65, pi. 

6 , figs 1-9, text-figs 18a-c, f, k, 21; from  the U pper B ringewood Form ation, Ludlow  Series, Ludlow, 

Shropshire.

D iagnosis. (Lister 1970, p. 63). “Vesicle hollow, subspherical, double-walled; inner w all is 

closely appressed to the outer wall, and is continuous across the proxim al part o f the process. The 

processes are few and variable in number, hollow, tubiform, closed distally and form ed from  the outer 

wall only. The refleeted plate form ula follows the pattern o f apical, pre-equatorial, post-equatorial, 

antapical. Excystm ent is by obvious suture, resulting in the release o f an apical operculum  consisting of 

a single plate.”

Remarks. This genus is distinguished from  M ultiplicisphaeridium  by its two walled nature and 

from  B a ltisp h a erid iu m  by its branching processes. This branching, w hich is typically cauliflorate, 

distinguishes it from  Leptobrachion . D om ing (1981a, p. 186) regarded the double w alled nature and 

circular pylom e as characters not o f essential importance, considering the prim ary characteristics to be the 

tubular processes and cauliflorate terminations. Other authors, however, (e.g. H ill 1978) have considered 

that the main criterion for distinguishing Cymbosphaeridium  is the presence o f a double wall.
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C y m b o sp h a e rid iu m  p i la r  (Cram er 1964b) L ister 1970 PI. 3, figs 9-10.

1964b Baltisphaeridium  p ila r  n. sp.; Cram er p. 286, pi. 1, figs 1-2, text-fig. 14:1.

1966b Baltisphaeridium pilaris Cramer 1964 Baltisphaeridium pilar, in C ram er 1964b; Cramer, p. 30-

33, pi. 1, figs 1-9, pi. 2, figs 3, 5-11, text-figs 2, 3.

1968 Baltisphaeridium (Priscogalea  ?) pilaris-. Jardiné & Yapaudjian, p. 439, pi. 3, figs 17-18.

1970 Cymbosphaeridium p ilar. Lister, p. 63 (no fig.).

1973 M ultiplicisphaeridium  pilaris (Cramer 1964); Eisenack et a l ,  p. 725-727.

1978 Cymbosphaeridium p ila r  (Cramer, 1964b) Lister, 1970; Hill, p. 181-182, pi. 1, figs 1-4.

1990 Cymbosphaeridium p ila r  (Cramer 1964b) Lister 1970; Fensom e e t a l ,  p. 177 (no fig).

H o lo ty p e . B a ltisphaerid ium  p ila r  C ram er 1964b, pi. 1, fig. 1; from  1165, San Pedro 

Form ation, Ludlow Series, Oblanca de Luna, N W  Spain.

D iagnosis. (C ram er 1964b, p. 286). "Central body and processes hollow , w ith not uniform  

walls. The central body is roughly spherical. It has a moderately thin wall, that is moderately transparent 

to not transparent. The wall o f the central body is scabrate to irregularly rugulate. The central body is 

usually less transparent than the processes. The processes have the form  of slender pilars and branch at 

the tips. They are psilate at 1200 x m agnification. N um ber o f processes 3 to 10 (5 to 6)."

D escription. Vesicle spherical to ellipsoidal, scabrate; vesicle slightly thicker than processes or 

m oderately thick walled. Processes thin, colum nar, laevigate, hollow, closed to vesicle interior, w ith 

digitate branching at the tips (up to 2nd order). Excystm ent mechanism not observed.

Dimensions. V=20-36|xm, PL=17-25|0,m, P0b=2.5-4.5p,m , PN=7-11 (8 specimens measured).

Rem arks. The speeific epithet o f this taxon was ehanged, w ithout reason, to pilaris  by Cram er 

(1966b); both Hill (1978, p. 181) and Fensom e et a l  (1990) have stated that the species name should be 

spelt pilar. A  single, three dimensionally preserved specimen recovered in this study appears to possess a 

large, unornam ented rupture, w hich alm ost divides the vesicle in two (PI. 3, fig. 10). The diagnosis, 

however, identifies the method of excystment as a circular pylome; no examples w ith pylom es have been 

recovered herein. The taxon C. pilar  var. typicum  Cramer 1970a, was considered a junior synonym  of the 

autonym  C. p ila r  p ila r  by Fensom e et al. (1990, p. 177), as it was believed that the holotype o f C. p ila r  

was included in synonymy w ith C. p ila r  typicum  by Eisenack et al. (1973, p. 731). The holotype was 

not, however, included in synonymy with C. p ila r  by Eisenack et al. (1973) and thus the variety C. pila r  

typicum  m ust be considered distinct from C. pilar pilar.

Occurrence. San Pedro and Furada formations, Ludlow Series-lower Gedinnian Stage, N W  Spain 

(Cram er 1964b, 1966a & b, 1969b; Cram er & Diez 1968); Silurian, B elgium  (M artin 1967, 1969); 

low er Ludlow Series, A lgeria (M aglore 1968); M aplewood Formation, upper Llandovery Series, New 

Y ork  (C ram er 1968a, as cf. pilaris)-, Ludlow  Series-low er G edinnian Stage, A lgeria  (Jard iné & 

Y apaudjian 1968); upper Silurian, L ibyan subsurface m aterial; m iddle-upper Silurian subsurface 

m aterial, F lorida; O sgood and A lger form ations, upper L landovery Series, Indiana and Ohio; Red 

M ountain Form ation, low er-upper L landovery Series, G eorgia & A labam a (C ram er 1968b, 1970a);
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Rochester Formation, W enlock Series, Ontario (Thusu 1973a); Ilion Shale, W enlock Series, New Y ork 

(T husu 1973b); L landovery-low er W enlock series, W elsh B orderland (H ill 1974, 1978); Low er 

B ringew ood  F orm ation , Ludlow  (L ister & D ow nie 1974); S iegenian-E m sian  stages, B elg ium  

(V anguestaine 1979); Leintw ardine-W hiteliffe groups, Ludlow  Series, W elsh B orderland (D om ing 

1981a); Gedinnian Stage, France (M oreau-Benoît & Poncet 1982); L landovery-Ludlow  series, Jordan 

(Keegan et al. 1990); Silurian, Argentina (Rubinstein 1993); from a single sample in the M iddle Elton 

Form ation, Goggin Road. Known range: Llandovery Series-Emsian Stage.

C y m b o s p h a e r id iu m  sp. A  PI. 3, fig. 11; PI. 10, figs 11-12.

Description. Vesicle spherical to ellipsoidal, moderately thick walled, w ith a coarsely granulate 

surfaee. The vesicle has a variable num ber o f processes, which are thinner w alled than the vesicle, 

laevigate, hollow, colum nar or rarely tapering. M ost o f the processes have tips that branch to 1st or 2nd 

order, though some m ay be sim ple; the processes are closed to vesicle cavity. Excystm ent m echanism  

not observed.

D im e n s io n s .  V=22-29|J,m, PL = 7-12 |im , P0b=O .75-2(tm , W =1.5-2 .5(tm , PN =20-48 (7 

specimens measured).

Remarks. This species resem bles Baltisphaeridium  cariniosum  C ram er 1964b, which differs in 

having shorter processes.

Occurrence. From the middle-upper Lower Elton Fonnation, Goggin Road.

Genus Dateriocradus Tappan & Loeblich Jr. 1971

Type Species. By original designation, Dateriocradus polydactylus Tappan & Loeblich Jr. 1971, 

p. 396, pi. 5, figs 1-7; W aldron Form ation, upper W enlock Series, Indiana.

D iagnosis. (Tappan & Loeblich Jr. 1971, p. 396). "Central vesicle subtriangular in outline, 

com m only with three long hollow  processes in  plane o f vesicle, rarely a forth arising from  the broad face 

o f the vesicle; processes distally bifurcating up to the fifth or sixth order; w all surface laevigate; 

excystm ent by developm ent o f an epityche, an arcuate splitting o f the wall resulting in a flaplike opening 

between two processes sim ilar to that in Veryhachium."

R em arks. This genus is sim ilar in morphology to Evittia  and M ultiplicisphaeridium-, species 

o f Evittia  have digitate, not ramified, branches, those o f M ultiplicisphaeridium  do not possess triangular 

or tetrahedral vesicles.

D a te r io c rad u s  cf. m o iite rro sa e  (Cram er 1969a) Pôthé de Baldis 1981 PI. 3, fig. 12;

PL 10, fig. 13.

1969a Baltisphaeridium  monterrosae n. sp.; Cramer, p. 490, pi. 70, figs 5-7.
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p. 1970a Dateriocradus monterrosae  Cram er 1969; Cramer, p. 129-130, pi. 8, fig. 128 (only).

1971 Dateriocradus polydactylus  n. sp.; Tappan & Loeblich Jr., p. 396, pi. 5, figs 1-7.

1973 M ultiplicisphaeridium monterrosae  (Cramer 1969) Eisenack et al., p. 693-694.

1973 Evittia monterrosa  (Cramer) nov. comb.; Thusu, p. 815, pi. 106, figs 2-7.

1981 Dateriocradus monterrosae (Cramer) n. comb.; Pôthé de Baldis, p. 238, pi. 3, fig. 5.

? 1989 Oppilatala monterrosae (Cramer) n. comb.; Le Hérissé, p. 176-177, pi. 23, figs 14-15,

text-fig. 14:4

1990 Dateriocradus monterrosae (Cramer 1969b) Pôthé de Baldis 1981; Fensome et a l ,  p.

187 (no fig.).

H olo type . Cram er 1969a, pi. 70, fig. 5; slide F:006014A 04.0871.433, speeim en 645H10; 

from  the Rose Hill Fonnation, upper Llandovery Series, M illerstown, Pennsylvania.

D ia g n o s is .  (C ram er 1969a, p. 490). “C entral portion o f vesicle subtriangular, clearly  

differentiated from processes. The processes are located at the corners o f the central portion o f the vesicle, 

(see “Com m ents.”) The processes are generally o f the same length as or slightly longer than a side o f the 

central portion; they are cylindrical but have a broad conical base wliich grades from  the central portion of 

the vesicle into the process proper through a distance o f about 1/10 o f the process length. A t the distal 

portion, pinnae and pinnulae (up to second order) are present; characteristically, there are three or four sets 

o f pinnae. The splitting angle between pinnae and processes varies from 90 to 120 degrees; however, the 

configuration and com plexity is a fairly constant m orphologic character for the species. (A typical 

configuration is illustrated in Plate 70, figure 6.) The pinnulae of the last order tend to be sp lit in a 

dichotom ous fashion. The only branching is distal. The processes are entirely hollow  as are the basal 

portions o f the pinnae; the tops o f the pinnae and pinnulae are solid. The process cavity and no complex 

unions between both morphographic units were seen. Characteristically, the central portion o f the vesicle 

possesses a fracture (arrows in PI. 70, figs. 5,7), which divides it in two almost equal parts. This fracture 

is interpreted as a straight split pylome, sim ilar to that which is found in m any species o f Veryhachium  

and Micrhystridium. The processes and the central portion o f the vesicle me unilayered and are apparently 

uniform ; however, a consistent difference o f colour was observed: all the processes are transparent 

(colorless to translucent (brown), whereas the central portion is always m uch darker (translucent to 

opaque). The vesicle wall is psilate and is about 1|X thick. No cysts were observed.”

Description. Vesicle thin, laevigate, triangular in outline, with straight or slightly convex sides. 

Processes, laevigate, broad based, tapering, hollow , open to vesicle interior bu t w ith a distinct contact 

w ith the vesicle. Processes occur at each vesicle corner, commonly four processes, rarely three or five 

processes. Ram ified branching o f l^ t.g rd  order occurs ^ 2  to along process length at angles o f 45°- 

120°. Excystm ent m eehanism not observed.

Dimensions. V=15-18|xm, PL=12.5-23|_lm, P0b=1.75-4|J,m, PN=3-5 (7 specimens measured).

Remaries. Fonus recovered and deseribed differ from  the type material in two ways, they lack the 

liighly ramified branching and can have processes that can branch from half way. These differences me not 

considered im portant enough to define a new speeies and forms recovered here are assigned to D . cf.
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m onterrosae. The processes o f Evittia  (now D ateriocradus) tribrachiata  L ister (1970, pi. 5, fig. 5) are 

slightly broader, and the vesicle and process length slightly larger than those forms assigned to D . cf. 

monterrosae  herein (V = 19-26|J,m, PL = 16-28p,m). The overall morphology of E. tribrachiata  is sim ilar 

to D. cf. monterrosae  herein and there is a possibility that it is a junior synonym, it is, however, retain as 

separate.

As stated by Le H érissé (1989, p. 176-177), tbere is evidence to suggest that m on terro sa e  

belongs in Oppilatala, though the transfer proposed by Le Hérissé is questioned. The diagnosis o f Cram er 

(1969a) states that the vesicle o f m o n terro sa e  is darker than the processes, a com m on feature o f 

Oppilatala. Also, the m ajority o f those specimens figured by Cram er (1970a, pi. 8, figs 127, 129-132, 

135) have p lugged process bases and can be assigned to O ppila ta la . The holotype o f m onterrosae, 

however, re-figured by Cram er (1970a, pi. 8, fig. 128) appears too dark for the internal nature o f the 

processes to be ascertained. Until the holotype has been re-examined we m ust rely on the diagnosis o f 

C ram er (1969a), which states that the "processes are entirely hollow." For this reason m onterrosae  is 

retained in Dateriocradus herein.

D. cf. monterrosae differs from  Dateriocradus sp. A  in having shorter processes (PL ; V  ratio this 

study; D. cf. monterrosae  = 0.8-(1.3)-1.6, D. sp. A  = 1.7-(2)-2.4). The holotypes o f D. m onterrosae  and

D. polydactylus  have PL : V ratios o f 0.8 and 1.4 respectively.

O ccurrence. Tusearora and Rose H ill form ations, upper L landovery Series, Pennsylvania 

(C ram er 1969a); San Pedro and Furada form ations, Ludlow  Series-lower Gedinnian Stage, N W  Spain 

(C ram er 1963, 1964b, 1970a, as B altisphaerid ium  m olinum  C ram er 1963 ex Cram er 1964 and D. 

monterrosae)-, Silurian, Belgium  (M artin 1967); A lger Fonnation, upper Llandovery Series; subsurface 

Florida (Llandovery-Prfdolf series); M aplewood Formation, upper Llandovery Series; Neahga Fonnation, 

upper Llandovery Series, Ontario and New York; Red M ountain Form ation, upper Llandovery Series, 

G eorgia and Alabam a; Crab Orchard and Osgood formations, upper Llandovery Series, Kentucky; Rose 

H ill Form ation, V irginia (C ram er 1970a, Cram er & D iez 1970, 1972); W aldron Form ation, W enlock 

Series, Tunnel M ill, Indiana (Tappan & Loeblich Jr. 1971, as D. polydactylus)-, R ochester Form ation, 

W enlock Series, Ontario (Thusu 1973a); L landovery Series, Algeria (Jardiné et al. 1974); Los Espejos 

Form ation, low er Ludlow Series, Argentina (Pôthé de Baldis 1981); m iddle Buildwas Form ation-Elton 

Group, W enlock-Ludlow series, W elsh Borderland (Dom ing 1981a, as D. monterrosae  & D. poldactylus)-, 

low er Silurian, R ingerike, Norway (D om ing & Aldridge 1982); M uch W enlock Lim estone Form ation, 

W enlock Series, Dudley, UK (Dom ing 1983, as D. polydactylus)-, upper W enlock Series, W enlock type 

area (S w ire  1993); S ilurian, A rgentina (R ubinstein  1993, as D. polydactylus)-, C oalb rookdale  

Form ation, W enlock Series, Shropshire (Turner et al. 1995, as cf. monterrosae  and polydactylus)-, rare 

over the M uch W enlock Lim estone-Lower Elton formation boundary. Pitch Coppice Q uany  and Goggin 

Road; sparse occurrences in the M iddle Elton Form ation (Goggin Road). Known range: Llandovery 

Series-Gedinnian Stage.
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D a te r io c ra d u s  sp. A PI. 3, fig. 13.

D escrip tion . V esicle laevigate, hollow , thin, triangular in outline w ith straight or slightly 

convex sides. Commonly there are four processes, rarely three or five; processes arise from  the vesicle 

corners, w ith the fifth process being random ly positioned and generally reduced in size. Processes thin, 

hollow , slightly flexuous, tapering from  a d istinct contact w ith the vesicle to branched tips, rarely 

sim ple. B ranching from  1®*- to 2 ^^  order, rarely 3̂ ^̂  ̂ order, generally occurring at process tips, but 

occasionally from  way along the processes. Excystm ent by unornamented rupture o f the vesicle w all 

between two processes.

Dimensions. V = ll-22 |xm , PL=22-49|Xm, P0b=1.5-4|a,m, PN=3-5 (10 specimens measured).

R em arks. This taxon is distinguished from  D. m onterrosae  by its longer processes (PL : V 

ratio this study; D. cf. m onterrosae  = 0.8-(1.3)-1.6, D. sp. A  = 1.7-(2)-2.4); D ateriocradus algerensis  

(C ram er & Diez 1972) D om ing 1981a has a larger vesicle (V = 30-40|J,m) and longer processes. The 

processes o f small, triangular, examples o f the Evittia remota  Group have digitate, not ram ified branches.

O ccurrence. Com m on over the M uch W enlock Lim estone-Low er Elton form ation boundary 

(Pitch Coppice Quarry and Goggin Road), becom ing rarer in the upper Low er Elton and M iddle Elton 

formations (Goggin Road).

Genus Dilatisphaera Lister 1970

Type Species. By original designation, D ilatisphaera laevigata  L ister 1970, p. 66, pi. 6, figs 

10-12; U pper E lton Formation, Ludlow Series, Ludlow, Shropshire.

D iagnosis. (L ister 1970, p. 65). "Vesicle hollow , double-walled, spherical to subspherical; 

processes few in number, single-walled, hollow, broad; proxim ally they are closed to the vesicle cavity, 

distally they are open. Excystm ent aperture apical, conholled by obvious suture."

Remarks. The general morphology of this genus has been likened to that o f the dinoflagellates. 

Indeed, M artin (1966a) placed her new taxon Hystrichosphaeridium  (now Dilatisphaera) williereae in the 

Dinophyceae. This genus was, however, not included in the C ym bosphaerid ium  clade o f C olbath & 

Grenfell (1995), whose members were cited as possible candidates for Palaeozoic dinoflagellates (Colbath 

& Grenfell 1995, p. 310).

D ila tis p h a e ra  la e v ig a ta  L ister 1970 PI. 11, figs 3-5.

V *  1970 D ilatisphaera laevigata sp. nov.\ Lister 1970, p. 66, pi. 6, figs 10-12, text-figs 18h, 

20d.

1990 Dilatisphaera laevigata  Lister 1970; Fensome et a l ,  p. 200 (no fig.)

H o lo type . L ister 1970, pi. 6, fig. 10; M PK  125; U pper Elton Form ation, Ludlow  Series, 

M D6, N W  of U pper Dinchope, Shropshire.
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D iagnosis. (L ister 1970, p. 66). "Vesicle hollow, smooth, m ore or less spherical; processes 

few in num ber, variable in length from  0 4 -1 5  tim es vesicle diam eter, broad, thin-walled, sm ooth, 

hollow , tubiform  and proxim ally closed; distally the processes may flare slightly and have a serrated 

m argin or som etim es rounded term inations; the process tips are invariably open. Excystm ent suture 

conspicuous, apical, pentagonal in outline; operculum possesses a single plate-centred process."

D escrip tion . V esicle spherical to subspherical, slightly thicker w alled than the processes; 

vesicle ornam ent indeterm inable under transm itted light, but w ith a SEM the vesicle appears laevigate, 

sparsely granulate or sparsely baculate. Processes very thin walled, colum nar, hollow , closed to the 

vesicle cavity, open distally. W ith a SEM  the processes appear sm ooth or possess a few random ly 

scattered grana along their length. Excystm ent oceurs via a pylome.

Dimensions. V=13-18|Xm, PL=12-21|0,m, P0b=3-6|i.m , PN=5-7 (10 specimens measured).

R em arks. The laevigate nature o f the vesicle was used by Lister (1970, p. 66) to separate D. 

laevigata  from  Dilatisphaera williereae (M artin 1966a) Lister 1970, which has a spinose-baculate vesicle. 

In the present study, however, SEM  work has shown the vesicle ornam ent o f laevigata  to be variable 

between laevigate, sparsely granulate or sparsely baculate; the material is too poorly preserved for this 

ornam ent to be visible under transm itted light. The holotype o f la ev ig a ta  appears to possess an 

ornamented vesicle, which may suggest that D. laevigata  and D. williereae are synonymous.

Occurrence. M uch W enlock Lim estone-Upper Bringewood formations, Ludlow and M illichope 

areas, Shropshire (Lister 1970, L ister & D ownie 1974); subsurface Florida (Llandovery-Prfdolf series); 

Red M ountain Form ation, low er-upper L landovery Series; Rochester Form ation, W enlock Series, 

Pennsylvania and V irginia; Ross B rook Form ation, Llandovery Series; Saint C lair Form ation, upper 

L landovery-lower Ludlow series; W aldron Formation, upper W enlock Series, Kentueky (Cram er & Diez 

1972); L landovery Series, L landovery type area (Hill 1974); upper Elton-m iddle Leintw ardine groups, 

Ludlow  Series, W elsh Borderland (Dom ing 1981a); middle W enlock Series, Austria (Priewalder 1987)^; 

low er Silurian, Ringerike, Norway (Smelror 1987); Hem se-Ham ra formations, Ludlow Series, Gotland 

(Le Hérissé 1989); absent from  Piteh Coppice Quarry; rare in the Lower and M iddle Elton form ations, 

inereasing  in abundance in the topm ost M iddle E lton Form ation, G oggin Road. K now n range: 

Llandovery-Prfdolf series.

Genus Dorsennidium Wicander 1974 emend. 
Sarjeant & Stancliffe 1994

Type Species. By original designation, D orsennidium  patu lum  W icander 1974, pi. 9, fig. 12; 

Chagrin Shale, U pper Devonian, Barberton test core 3, Ohio, USA.

D iagnosis. (Sarjeant & Stancliffe 1994, p. 39). "Acritarchs having a polygonal vesicle whose 

outline is determ ined by the num ber (4-10) and relative position o f its spines. E ilym a single-layered or 

apparently so; surface laevigate to finely granular or shagreenate [ricj. The spines arise in more than one 

plane: proxim ally they m erge so sm oothly w ith the vesicle wall that no exact lim it can be set to their 

bases; they are w ithout linkage by ridges or crests to adjacent spines. Spines o f relatively uniform  size.
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They are always hollow, the bases open to the vesicle interior, and w ithout developm ent o f costae, striae 

or spinulets. The spines may have small pores in their wall, but are never branched and have tips that are 

always closed and pointed. A  cryptosuture can be developed, but this is raiely observed."

R em arks. Sarjeant & Stancliffe (1994) used the plane, or planes, o f proeess developm ent to 

separate D orsennid ium  and Veryhachium . Specimens w ith processes in a single plane were placed in 

V e ryh a c h iu m ,  w hilst those w ith processes in m ultip le planes were placed  in D o rs e n n id iu m  or 

M icrhystridium . A lthough practicable in the m ajority o f cases, problems do occur. Some exam ples o f 

D orsennidium  rhomboidium  have four processes in a single plane, im plying that they should be placed 

separate ly  in V e ryh a c h iu m ,  an im practical solution. I t is apparent, therefore, that the ru le  on 

D orsennidium  possessing processes in  m ultiple planes should be applied to the m ajority o f specimens in 

any single species, allowing a small amount o f leeway to encompass forms that do not comply.

The genus E xilisp h a erid iu m  W icander, a jun io r synonym of M icrh ystr id iu m  according to 

Eisenack et al. (1979a, p. 209), was considered to be a junior synonym o f D orsennidium  by Sarjeant & 

Stancliffe (1994, p. 39). They stated that Exilisphaeridium  no longer fell w ithin the em ended diagnosis 

o f M ic rh ys tr id iu m ',  they did, how ever, also include E x ilis p h a e r id iu m  as a ju n io r synonym  of 

M icrh ys tr id iu m  (Sarjeant & Stancliffe 1994, p. 12). The only possible reason for exclusion from  

M icrh ys tr id iu m , is the fact that vesicle w idth and process length are at the m axim um  of the range 

perm issible under the em ended diagnosis given by Sarjeant & Stancliffe (1994, p. 12). The type species 

E xilisphaeridium  sim plex  W icander 1974, is considered here to display the requisite characteristics o f 

M icrhystridium  and is considered a junior synonym.

D o rsen n id iu m  e u ro p aeu m  (Stockm ans & W illière 1960) Sarjeant & Stancliffe 1994 emend.

PI. 3, fig. 14.

1960 Veryhachium europaeum  n. sp.; Stockmans & W illière, p. 3, pi. 2, fig. 25.

1962a Veryhachium legrandi n. sp.; Stoclanans & W illière, p. 54, pi. 1, fig. 3, text-fig. 11a. 

non. 1968 Veryhachium legrandi \av. pentapoda  nov. var.; M artinez-M acchiavello, p. 80, pi. 1, 

fig. 8, text-fig. 8.

1990 Veryhachium europaeum  Stockmans & W illière 1960; Fensom e et a l ,  p. 514-515 (no 

fig.).

1994 Dorsennidium  europaeum  (Stockmans & W illière 1960) comb, nov.; Sarjeant & 

Stancliffe, p. 40 (no fig.).

H olo type . Stockm ans & W illière 1960, pi. 2, fig. 25; Frasnian Stage, borehole m aterial, 

Belgium.

Original D iagnosis. (T ranslated from  Stockmans & W illière, 1960, p. 3). "Form m easuring 

from  one edge to the base o f the opposite point a length o f about 18|l and adorned w ith four equal points 

of 25 |i, three correspond with the angles o f a triangle, the forth adorns one o f the faces.”
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E m ended  D iagnosis. V esicle laevigate, tetrahedral w ith straight to slightly convex sides. 

Processes hollow , open to vesicle interior, simple, straight or slightly flexuous; laevigate or faintly 

granulate. Excystm ent via unornamented rupture.

Dimensions. V =ll-27|J,m , PL=15-32|im , P 0b= 2-4 .5pm  (10 specimens measured).

Remarks. The synonymy of V. legrandi var. pentapoda, proposed by M artin (1969, p. 92) and 

W icander & W ood (1981, p. 64), is rejected as this taxon has five processes. The granulate ornam ent on 

the processes is visible under transmitted light on only the larger, thicker walled specimens. This species 

is very sim ilar to D orsennidium  wenlockianum , which has a shorter fourth process, and D orsennid ium  

form osum , which has at least five processes.

Occurrence. This species has a wide geographic and stratigraphie distribution; a list o f pre 1979 

occurrences can be found in E isenack et al. (1979b, p. 407). Siegenian-Em sian stages, B elgium  

(Vanguestaine 1979); U pper V isby-Hogklint formations, lower W enlock Series, Gotland (Cram er et al. 

1979); S ilica Form ation, G ivetian Stage, Ohio (W icander & W ood 1981); M edina G roup, low er 

Llandovery Series, New Y ork (M iller & Eames 1982); G edinnian-Siegenian stages, France (M oreau- 

B enoît & Poncet 1982); H aragan Form ation, Low er Devonian, Oklahom a (W icander 1986); low er 

Silurian, R ingerike, Norway (Sm elror 1987); Llandovery-low er W enlock series, G otland (Le Hérissé 

1989); Silurian, A rgentina (Rubinstein 1993); M uch W enlock Lim estone-M iddle Elton formation. Pitch 

Coppice Quarry and Goggin Road. Known range: Ordovician-Lower Jurassic.

D o rsen n id iu m  fo rm o su m  (Stockm ans & W illière 1960) Sarjeant & Stancliffe 1994

PI. 3, fig. 15.

1960 Veryhachium form osum  n. sp.; Stockmans & W illière, p. 2, pi. 2, fig. 28. 

p. 1970 Veryhachium trapezionarion  n. sp.; Loeblich Jr., p. 743-744, fig. 38C (only).

1975 Goniosphaeridium  form osum  (Stockmans & W illière 1960); Jux, p. 124.

1984 M ichrystridium  form osum  (Stoclcmans & W illière 1960); Amirie, p. 42.

1987 Veryhachium form osum  Stoclcmans & W illière 1960; Priewalder, p. 56, text-fig. 26.

1990 Veryhachium form osum  Stoclcmans & W illière 1960; Fensom e et a l ,  p. 516 (no fig.).

1994 D orsennidium  form osum  (Stoclcmans & W illière 1960) comb, nov.; Sarjeant & 

Stancliffe, p. 40 (no fig.).

H olo type . Stockm ans & W illière 1960, pi. 2, fig. 28; from  the Frasnian Stage, borehole 

m aterial, Belgium.

Diagnosis. (Translated from  Stoclanans & W illière 1960, p. 2). "Triangulai- form  with corners 

extended into points situated in the same plane. M oreover, an expansion [=process] o f the same type as 

these expansions is raised perpendicular to each o f two faces in the middle. Supplementar y processes are 

possible. Length m easured from the m iddle o f the edge to the start o f the opposite point: 15p,. Length o f 

arms: 22.5p."
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D escrip tion . V esicle laevigate, triangular in outline w ith straight or slightly convex sides. 

Processes slender, tapering, straight or slightly flexuous, hollow, open to vesicle interior; laevigate or 

finely granulate under transmitted light (grana visible on thicker walled specimens only) and w ith a SEM. 

The processes are located at each corner o f the vesicle and a  further two processes arise from  opposite sides 

o f the vesicle; additional, shorter, accessory processes may also be randomly distributed over the vesicle. 

Generally, four o f the processes are o f equal length, w ith the fifth process sometimes being shorter; any 

further processes are generally reduced. Excystment by unornamented rupture.

Dimensions. V=12-25pm , PL=23-35flm, P0b=1.5-4pm , PN=5-6 (10 specimens measured).

R em a rks . One o f the paratypes o f V. trapezionarion  (Loeblich Jr. 1970, fig 38C), has a 

triangular vesicle w ith five processes and is included in synonymy with D. form osum  herein; the other 

two specimens have been synonymised w ith Dorsennidium  rhomboidium  and D orsennidium  pentagonale  

herein. N um ber o f processes and vesicle shape distinguish this species from several other sim ilar taxa (D. 

europaeum = tiiangular with four" processes; D. rhomboidium  = rhomboidal, Dorsennidium  pentagonale  = 

polygonal, M icrhystridium  inflatum = spherical to ellipsoidal).

There is strong evidence to suggest that D. form osum , D. rhomboidium, D. pentagonale  and M. 

inflatum  represent a m orphological continuum  of a single species. The general appearance and size range 

o f these taxa are nearly identical, only differing from  one another by process num ber and vesicle shape, 

w hich itse lf appears governed by the num ber o f processes. In part, this m orphological continuum  is 

displayed by V. trapezionarion  (Loeblich 1970, figs 38A-C), which has now been synonymised w ith three 

taxa o f D orsennid ium  w ithin (see above). I t was, however, decided to retain the taxa as separate until 

their relationships are analysed in detail.

Occurrence. U pper Devonian, Belgium  (Stoclanans & W illière 1960, 1962a, 1974); Permian, 

B ritain (W all & Downie 1963); Silurian, Belgium  (M artin 1966a, 1969); H ettangian-upper Sinem urian 

stages. Low er Jurassic, England (W all 1965); low er D inantian Series, low er Carboniferous, B elgium  

(Stockm ans & W illière 1966); Siegenian Stage, Belgium  (Vanguestaine 1979, as part o f Veryhachium  

rhom boidium ); Ludlow Series, A ustria (Priew alder 1987); low er Ludlow Series, England (L ister & 

D ow nie 1967); L landovery Series, Libya (Hill & M olyneux 1988); M uch W enlock Lim estone-M iddle 

Elton formation. Pitch Coppice Q uany  and Goggin Road. Known range: Silurian-Lower Jurassic.

D o rsen n id iu m  p e n ta g o n a le  (Stockm ans & W illière 1963) comb. nov. PI. 3, fig. 16.

1963 M icrhystridium  pentagonale  nov. sp.; Stoclanans & W illière, p. 470-471, pi. 3, fig. 

18, text-fig. 32.

p. 1970 Veryhachium trapezionarion  n. sp.; Loeblich Jr., p. 743-744, fig. 38A (only).

1990 M icrhystridium  pentagonale  Stockmans &  W illière 1963; Fensom e et a l ,  p. 329 (no 

Gg.).

1994 M icrhystridium? pentagonale Stockmans & W illière 1963; Sarjeant & Stancliffe, p. 18 

(no fig.).
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H o lo ty p e . Stockm ans & W illière 1963, pi. 3, fig. 18; preparation n o ’ 1162; borehole 

m aterial, Silurian, Belgium.

D iagnosis. (Stockm ans & W illière 1963, p. 140; translation by Eisenack et al. 1979a, p. 479). 

“O rganism  of a pentagonal outline o f w hich the angles are prolonged into relatively w ide and long 

processes and with a surface that is ornamented by a few processes which are in everyway sim ilar to each 

other and which have a greatly expanded base. Dimensions o f the body 14.5|l i ; length of processes 9|a.”

D escription. Vesicle polygonal, laevigate, with a process arising from  each corner. Processes 

laevigate or finely granulate, long, straight or flexuous, hollow, open to the vesicle interior and tapering 

to sim ple closed tips. Excystm ent by unornamented rupture.

Dimensions. V=14-27|J,m, PL=18-33|xm, P0b=1.5-3|J,m, PN=6-10 (10 specimens measured).

R em arks. The holotype o f this taxon appears damaged, though the polygonal shape o f the 

vesicle is clearly discernible. Specimens recovered here have longer processes than the type material (14- 

27|0,m vs' 9|_im), though poor preservation could account for this. The status o f this species as a separate 

taxonom ic identity  was questioned by Sarjeant & Stancliffe (1994, p. 18). This species w ould be 

excluded from  M icrhystridium  under the present diagnosis o f Sarjeant & Stancliffe (1994), as it has too 

few processes (6-10 vs' 9-35), and it has, therefore, been transferred to Dorsennidium  herein.

This species is m orphologically sim ilar to several other species and is distinguished from  them 

by the num ber o f processes and shape o f the vesicle (JD. rhomboidium = rh o m b o id a l, D. form osum  = 

triangular, M. inflatum  = spherical-ellipsoidal)(see D. /or/no5Mm-Remai'ks above).

O ccurrence . Silurian, B elgium  (Stockm ans & W illière 1963); U pper V isby M arl, low er 

W enlock Series, Gotland (Cram er et al. 1979, as ''M icrhystridium stellatum" C ram er et al. (herein), fig. 

17A); M uch W enlock Lim estone-M iddle Elton form ation. Pitch Coppice Quarry and G oggin Road. 

Known range: Silurian-Permian.

Dorsennidium rhomboidium (Downie 1959) Sarjeant & Stancliffe 1994 emend. PI. 4,

fig. 1.

V* 1959 Veryhachium rhomboidium  sp. nov.; Downie, p. 62-63, pi. 12, fig. 10.

p 1970 Veryhachium trapezionarion  n. sp.; Loeblich Jr., p. 743-744, fig. 38B (only),

non. 1984 Veryhachium rhomboidium  Downie 1959 emend.; Turner, p. 145, pi. 11, figs 6,9.

1990 Veryhachium rhomboidium  Downie 1959 emend. Turner 1984; Fensom e e ta l., p.

523 (no fig.).

1994 Dorsennidium  rhomboidium  (Downie 1959 emend. Turner 1984) comb, nov.; Sarjeant 

& Stancliffe p. 41 (no fig.).

H olotype. D ownie 1959, pi. 12. fig. 10; M ik(P)21001; W enlock Shales (= Coalbrookdale 

Form ation), W enlock Series, Silurian, W enlock Edge, Shropshire.
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D iagnosis. (Downie 1959, p. 62-63). "Test rhom boidal, surface sm ooth, walls m oderately 

thick, test size 16 to 23(X; processes, four or six, arising from  the corners o f the test, sim ple spines, 

length 50 to 100 per cent, o f test size."

Em ended D iagnosis. Vesicle square or rhomboidal, laevigate, w ith straight or slightly convex 

sides and 4-7 processes; processes hollow, tapering, simple, straight or flexuous, open to vesicle interior, 

laevigate or finely granulate. Excystment by unornamented rupture.

Dimensions. V=14-24p,m, PL=18-32pm , P0b=1.5-4p.m, PN=4-7 (18 specimens measured).

Remarks. The original diagnosis by Downie (1959, p. 62) included forms w ith four processes in 

a single plane; the em ended diagnosis o f Turner (1984, p. 145), which is not followed here, lim ited the 

num ber o f proeesses to betw een five and nine. Those specimens from  the O rdovician illustrated by 

T urner (1984) have considerably longer processes than those originally described and illustrated by 

Downie (1959) and are considered herein to represent a distinct species. The em ended diagnosis takes into 

account the larger range in process numbers found in the present specimens and the results o f SEM  work. 

The fine grana on the processes are visible w ith transm itted light on only the larger, th icker walled 

specim ens. The processes o f the holotype (D ow nie 1959, pi. 12, fig. 10) appears laevigate w hen 

exam ined under hansm itted light.

As w ith the type m aterial, exam ples w ith four processes in a single plane have been found, 

which, if the present diagnosis of Dorsennidium  were strictly followed, would not be placed in this genus. 

These foim s have, however, been included in D. rhomboidium, as placing them  in a separate species o f 

Veryhachium  is impractical (see Dorsennidium-R&muû<is above).

The synonymy of V. trapezionarion  was proposed by Turner (1984); only the holotype o f this 

taxon has been included here, however, as the two paratypes (Loeblich Jr. 1970, figs 3 8A, C) have been 

assigned to D. form osum  and D. pentagonale  herein.

The process num ber and vesicle shape distinguish D. rhom boidium  from  M icrh ys tr id iu m  

inflatum  (spherical-ellipsoidal), D. form osum  (triangulai-) and Dorsennidium pentagonale  (polygonal) (see 

also D. formosum-'Re.maxks above). The processes o f Dorsennidium pertonense  (Dom ing 1981a) Sarjeant 

& Stancliffe 1994, from  the Ludlow Series o f Ledbury Hill, Herefordshire, are faintly granulate, but is 

distinguished from  D. rhomboidium  by its slightly broader processes, though this variation may prove to 

be intraspecific.

Occurrence. Coalbrookdale Foi-mation, W enlock Series, W enlock Edge, Shropshire (Downie 

1959); B ritish  Perm ian (W all & D ow nie 1963); Silurian, B elgium  (M artin  1966a, 1969); U pper 

Devonian, Belgium  (Stoclanans & W illière 1974); Llandovery-lower W enlock series, L landovery type 

area and W elsh B orderland (H ill 1974); M uch W enlock L im estone-D ow nton C astle  Sandstone 

formations, W enlock-Prfdoli series, Ludlow (Lister & Downie 1974); Ludlow Series, A lgeria (Jardiné et 

al. 1974); Siegenian Stage, B elgium  (Vanguestaine 1979); M uch W enlock L im estone Form ation, 

W enlock Series, Dudley, UK (D om ing 1983); upper Llandovery-lower W enlock series, W enlock type 

area (M abillaid & Aldridge 1985); low er Silurian, Ringerike, Norway (Smelror 1987); m iddle W enlock 

Series, C heviot H ills, N E England (Barron 1989); L landovery-low er W enlock Series, G otland (Le 

H érissé 1989); Coalbrookdale Form ation, W enlock Series, Shropshire (Turner et al. 1995); M uch
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W enlock Lim estone-M iddle Elton formation, Pitch Coppice Quarry and G oggin Road. Known range: 

Llandovery Series-Permian.

D o rsen n id iu m  w en lo ck ian u m  (Downie 1959 ex W all & D ownie 1963) comb. nov.

PI. 4, fig. 2.

1959 Veryhachium tetraëdron  var. wenlockium  var. nov.; Downie, p. 62, pi. 12, figs 9,11 (invalid).

1962b Veryhachium wenlockium  (Downie 1959); Stoclanans & W illière, p. 29 (no fig.) (invalid).

1963 Veryhachium europaeum  Stockmans & W illière var. wenlockianum  var. nov.; W all & Downie,

p. 775 (no fig.).

1963 Veryhachium europaeum  forma wenlockianum  Downie 1959; W all & Downie, p. 782 (no fig.).

1963 Vetyhachium  europaeum  Stoclanans & W illière var. wenlockium  (Downie 1959); Downie,

p. 636 (no fig.) (invalid).

1965 Veryhachium wenlockium  Downie 1959 (as V, tetraedron  var. wenlockium); Downie &

Sarjeant, p. 153 (no fig.).

1990 Veryhachium wenlockianum  (Downie 1959 ex W all & Downie 1963) Downie & Sarjeant 1965;

Fensom e et a l ,  p. 527-528 (no fig.).

1994 Veryhachium wenlockium  (Downie 1959) Downie & Sarjeant 1965; Sarjeant & Stancliffe, p.

35 (no fig.).

1994 Dorsennidium  europaeum  form a wenlockium  (Downie 1959 ex W all & Downie 1963) comb, 

nov.; Sarjeant & Stancliffe, p. 40 (no fig.).

H olotype. Downie 1959, pi. 12, fig. 9, M ik(P)23001; paratype, pi. 12, fig. 11, M ik(P)24001; 

Coalbrookdale Formation, W enlock Series, Eaton Church, W enlock Edge, Shropshire.

O riginal D iagnosis. (Downie 1959, p. 62). "The size o f the test varies from  6 to 27 p, the 

shape is always tetrahedral, the walls always smooth, yellow-green in colour. The processes range in 

length from  100 to nearly 500 per cent, o f the test diameter."

Em ended Diagnosis. Vesicle originally tetrahedral, laevigate, with straight or slightly convex 

sides. Three processes, which usually lie within the same plane, are o f equal length, but the fourth 

process is reduced in size. Processes tapering, hollow, straight or slightly flexuous, open to the vesicle 

interior; laevigate or finely granulate. Excystm ent by unornarnented rupture.

Dimensions. V=12-25pm , PL=9-50pm , P 0b= 1 .5 -3p  (10 specimens measured).

Remarks. The diagnosis o f this taxon has been emended, using transm itted light and SEM  

studies, to clearly indicate the reduced nature o f the fourth process. This species is commonly cited as 

being first legitim ised by W all & Downie (1963, p. 782) as V. europaeum  form a wenlockianum; earlier 

in the paper (p. 775), however, it is clearly stated that V. tetraëdron var. wenlockia (a m isspelling o f 

w enlockium) was to be renam ed V. europaeum  var. wenlockianum, and this is the senior name. The 

spelling o f the m inor epithet as wenlockianum  was considered to be an orthographic error by Sarjeant &
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Stancliffe (1994, p. 35), who considered that the epithet should be spelt wenlockium  as was originally 

intended by Downie (1959).

This species was both retained in, and transfeired from, Veryhachium  by Sarjeant & Stancliffe 

(1994, p. 35, 40). In both instances the authors referred to the same holotype and it m ust be considered 

that they m ade a sim ple mistake. The only clear emendation they m ade was to transfer the taxon to 

Dorsennidium , in so doing , however, they cited the basionym as V. europaeum  form a wenlockianum  

(the epithet o f which they spelt wenlockium), the junior synonym o f V. europaeum  var-. wenlockianum.

As V. europaeum  var. wenlockianum  D ownie 1959 ex W all & Downie 1963 always has 

processes in m ore than a single plane it is herein transfened to Dorsennidium  and raised to specific rank as 

Dorsennidium  wenlockianum.

This taxon is similar to D. europaeum  and Veryhachium trisphaeridium; four processes o f equal 

length distinguishes D. europaeum  and V. trisphaeridium  has three process in a single plane.

Occurrence. W enlock Series, England (Downie 1959, 1963); Silurian, Belgium  (M artin 1966a, 

1967); K labava Shales, A renig Series, Ordovician, Bohem ia (Vavrdova 1965, 1972); low er Ludlow 

Series, England (L ister & D ow nie 1967); Devonian, Canada (D eunff 1967, specim en provisionally 

assigned to this species); Rochester Form ation, W enlock Series, Canada (Thusu 1973a); Ilion Shale, 

W enlock Series, New Y ork (Thusu 1973b); Llandovery-lower W enlock series, Llandovery type area and 

W elsh  B orderland (H ill 1974); M uch W enlock L im estone-D ow nton Castle Sandstone form ations, 

W enlock-Prfdoli series, Ludlow (Lister & Downie 1974); low er Silurian, Ringerike, Norway (D om ing & 

A ldridge 1982); M uch W enlock Lim estone Form ation, W enlock Series, Dudley, UK (D om ing 1983); 

upper Llandovery-low er W enlock series, W enlock type area (M abillard & Aldridge 1985); L landovery 

Series, Libya (Hill & M olyneux 1988); U pper V isby-lower Hogklint formations, low er W enlock Series, 

Gotland (Le Hérissé 1989); M uch W enlock Limestone-M iddle Elton formation. Pitch Coppice Quarry 

and Goggin Road. Known range: Aienig-Prfdolf series, ? Devonian.

D o rs e n n id iu m  sp. A  PI. 5, figs 1, 3.

D escription. Vesicle thin walled, square or rectangular, laevigate, hollow, often w ith a folded 

surface. There m ay be a single, linear, fold across the mid-section of the vesicle, or the folds may produce 

a square-rectangular or X -shaped pattern on the vesicle surface. Processes slender, straight or slightly 

flexuous, laevigate, tapering to simple tips, hollow, open to vesicle interior. Excystm ent m echanism  not 

observed.

Dimensions. V=8-12|J.m, P  = 7 -17pm, P 0 b = l-1 .5 p m , PN=6-8 (7 specimens measured).

R em arks. This species o f D o rsenn id ium  is m uch sm aller than any o f the other taxa o f this 

genus recovered. In m any respects (size and overall shape), it is similar- to Veryhachium leintwardinensis 

D om ing 1981a, but differs in having m ore processes in m ore than a single plane. The thickenings/folds 

on the vesicle surface could suggest that this species should be placed in Neoveryhachium; not all o f the 

processes, however, lie within a single plane and thus it is placed in Dorsennidium  herein.
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O ccurrence. U pperm ost M uch W enlock L im estone Form ation (G oggin R oad) and M uch 

W enlock Lim estone-lowermost Low er Elton formation (Pitch Coppice Quarry).

Genus Eisenackidium Cramer & Diez 1968 ex 
Eisenack, Cramer & Diez 1973

Type Species. By original designation, IBaltisphaeridium  triplodermum  Cram er 1966a, p. 248- 

249, pi. 1, fig. 12, text-fig. 4:5; from  the L a  V id Form ation, Em sian Stage, N W  Spain (designated by 

E isenack e l at. 1973, p. 435).

D iagnosis. (Translated from  Le Hérissé 1989, p. 120). “Acritarchs whose wall com prises two 

layers definitely separated (cham bered structure). The two layers being com posed o f the endophragrn, 

thick layer w hich delineates a spherical, triangular or polyhedric internal body, sm ooth or weakly 

ornamented; and the mesophragrn, thin, transparent, often folded, which forms the processes. The form  

o f the central body is a function o f the num ber o f processes. For certain species the endophragm develops 

a short, divaginate structure at the base o f the processes. The 3 to 12 processes are cylindrical, hollow, 

sim ple or bifurcate; with process accessories, short and thin, sometimes present. The m ethod o f opening 

is unknown."

Remarks. The genus Eisenackidium  was not validly published by Cram er & D iez (1968) as the 

proposed type species, IBaltisphaeridium  triplodermum  Cramer 1966a, had no designated holotype. The 

type species, and thus the genus, was validly published  by E isenack e t al. (1973, p. 435, 445). 

Eisenackidium  has incorrectly been considered the senior synonym of Crameria L ister 1970 (Eisenack et 

a l. 1973, M artin  1981), w hich  is considered , herein, a ju n io r synonym  o f P o ly e d r ix iu m ;  if  

Eisenackidium  and Crameria  were synonymous, Crameria  would be the senior name (see Jardiné et al. 

1972, p. 299).

The possibility that Eisenackid ium  and P olyedrixium  are synonym ous was raised by Playford 

(1977, p. 33), who felt that any reassignm ents should aw ait re-exam ination o f the type m aterial. He 

questioned the nature o f the central nerve-like structures reported in the processes o f E. triplodermum, 

which, he noted, were present in some species of Polyedrixium , resulting from  the junction  o f flaplike 

elements along the processes.

E ise n a c k id iu m  w en lo ck en se  D om ing  1981a PI, 4, fig. 3.

p. 1970 Baltisphaeridium  dubitum  sp. nov.; Lister, p. 59, pi. 3, figs 2, 6 (only), 

p. 1970 Crameria  cf. duplex  (Cramer 1964) comb, nov.; Lister, p. 62-63, pi. 5, figs 11-13, 15, 

?16, text-fig. 17j (only).

1981a Eisenackidium  wenlockensis n. sp.; Dom ing, p. 188-189, pi. 2, fig. 12.

1990 Eisenackidium  wenlockense  D om ing 1981; Fensome e ta l ,  p. 208 (no fig.).
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H o lo typ e . D om ing 1981a, pi. 2, fig. 12; W N28K, V 38/4, M PK  2923; M uch W enlock 

Lim estone Formation, W enlock Series, W rens Nest, Dudley, W est M idlands (SO 935 917).

Diagnosis. (D om ing 1981a, p. 189). "Vesicle spherical to subspherical, 25-35|Xm in diameter, 

two layered wall; inner wall thick, rigid, laevigate, outer wall thin, flimsy, poorly attached to the inner 

wall; 3-6 processes, 14-20pm  long, 4-12p,m wide at base, formed o f the sam e m em brane as the outer 

vesicle wall, process base ill defined; processes simple or digitate, the 2-5 branches o f one order; as 

preserved the processes are flattened, and often show longitudinal folds. Processes m ay be all sim ple or 

all branching, but often both will be found on the same specimen."

Description. An apparently double walled acritarch, with a moderately thick, laevigate, spherical 

to ellipsoidal vesicle, which appears to be encom passed by a thin membranous outer wall. The outer wall 

extends to form  processes, which are broad based, tapering, generally simple with rounded tips, or rarely 

hi or trifurcate. Processes folded parallel or sub-parallel to the longest axis, giving the appearance o f 

central nerve-like structures; rarely the processes are jo ined by low crests. Excystm ent by unornam ented 

rupture.

D im ensions. V =16-25pm , PL=12-28|J,m, P 0b= 4.5-9pm , PN=3-5, W = l-1 .5 p m  (8 specim ens 

measured).

R em arks. This species appears sim ilar to C ym atiosphaera triangula  sp. nov. w hich lacks 

individual processes and has mem branes that extend to sharp points; the junctions o f these m embranes 

can give the appearance o f central nerve-like structures, similar to those seen on E. wenlockense.

Occurrence. Coalbrookdale-Lower Elton formation, middle W enlock-lower Ludlow series, W elsh 

B orderland (D om ing 1981a); M uch W enlock Lim estone Form ation, W enlock Series, D udley, UK 

(D om ing 1983); upper W enlock Series, W enlock type area (Swire 1993); Com m on over the M uch 

W enlock Lim estone-Low er Elton form ation boundary. Pitch Coppice Quarry and G oggin Road; rare 

occurrences in the upper Lower Elton and M iddle Elton formations. Known range: Sheinwoodian-lower 

Gorstian stages.

E is e n a c k id iu m  sp. A  PI. 4, fig. 4.

Description. A critarch which appears to have two walls. Vesicle subpolygonal, slightly thicker 

than processes, laevigate. The outer wall appears loosely attached to the central body and forms long, 

hollow , slender, laevigate processes that taper to simple tips, or are rarely bifurcate ^/grds along their 

length. A long the centre o f the processes, parallel or sub-parallel to the longest axis, there are nerve-like 

structures, which extend to the process tips. Excystm ent mechanism not observed.

Dimensions. V=18-19p.m, PL=20pm , P0b= 3-4 .5pm , PN=8-9 (2 specimens measured).

Remarks. This taxon is sim ilar to Polyedrixium  pharaone  D eunff 1954a ex D eunff 1961, which 

differs in generally having a larger vesicle (20-25pm) and longer processes (40-50pm).

O ccurrence. M uch W enlock Lim estone Form ation (Pitch Coppice Quarry); M uch W enlock 

Lim estone-Lower Elton formation boundary, Goggin Road.
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Genus Estiastra Eisenack 1959 emend. Sarjeant & Stancliffe 1994

Type Species. By original designation, Estiastra magna  Eisenack 1959, p. 201-202, pi. 16, figs 

17-20; from  the Esthonus-Kalk, upper Gotlandium (Silurian), Kattentak, Estonia.

Diagnosis. (Sarjeant & Stancliffe 1994, p. 50). "Acritarchs o f stellate aspect, com posed o f 4-10 

processes arising in  m ore than one plane. Processes very broad-based, conical to phalloid in outline; 

distally they may be acum inate, sometimes w ith a nipple-like prom inence, or (rarely) briefly bifurcate, 

but they are never blunt or rounded and lack distinct branches. Central portion o f vesicle form ed by the 

confluence o f process bases. E ilym a com posed o f one layer or o f two layers in continuous contact; 

process tips may be solid or plugged. Surface psilate, punctate, granulate or pustulose, w ith or w ithout 

striae on the processes, but not echinate and w ithout systems o f ridges connecting the process bases. 

Opening, where observed, by cryptosuture; when fully open, a section o f the eilym a including one or 

two processes m ay be lost."

R em a rks . The synonym y of R h ip to so ch erm a  Loeblich Jr. & Tappan (1978) proposed by 

Sarjeant & Stancliffe (1994, p. 50) is rejected, as the type species, Rhiptosocherma improcera  (Loeblich 

Jr. 1970) L oeblich  Jr. & Tappan 1978, has blunt, rounded processes. E s tia s tr a  is sim ilar to 

Pulvinosphaeridium , which differs in having blunt and rounded, not acuminate, processes; Barbestriata  

Sarjeant &  Stancliffe 1994 has baculate-echinate processes; Palacanthus W icander 1974 emend. Sarjeant 

& Stancliffe 1994 has all its processes in a single plane.

E s t ia s tra  g ra n u la ta  D ow nie 1963 PI. 4, fig. 8.

V *  1963 Estiastra granulata  sp. nov.; Downie, p. 638, pi. 91, fig. 8.

cf 1965a Baltisphaeridium  polygonale (Eisenack 1931); Eisenack, p. 261-262, pi. 21, fig. 3.

1965a Baltisphaeridium  polygonale  Eis. 1931; Eisenack, pi. 24, figs 5-6.

vp. 1970 Baltisphaeridium  cantabricum  Cram er 1964 emend.; Lister, p. 58-59, pi. 3, fig. 7, pi.

4, figs 1, 4 (only).

1977 Goniosphaeridium polygonale  (Eisenack 1931); Eisenack, p. 30, 32, figs 18-20.

1990 Estiastra granulataD ov/nic 1963; Fensom e e fak , p. 213 (no fig.).

1994 Estiastra granulata  Downie 1963; Sarjeant & Stancliffe, p. 51 (no fig.).

H o lo typ e . D ow nie 1963, pi. 91, fig. 8; from  Slide 9, position 120.615; W S/4a, T ickhill 

(=Tickwood) Beds, Coalbrookdale Formation, W enlock Series, W enlock Edge, Shropshire.

D iagnosis. (Downie 1963, p. 638). "A species o f E stiastra  100 to 150 m icrons across w ith

eight to twelve processes. The walls are thin, generally crumpled, and ornamented w ith a fine ornam ent

of small closely spaced granules."

D escrip tion . Poorly preserved and often distorted by pyrite deform ation. V esicle hollow , 

irregular, ellipsoidal or polygonal, foim ed by the fusion o f process bases, though on som e specimens the
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processes appear distinct from  the vesicle. Processes hollow, open to vesicle in terior and tapering to 

simple, pointed, tips. Excystm ent mechanism  not observed.

Dimensions. V=32-44|J.m, PL=40-78|J.m, P0b=8-16|J,m, PN=7-9 (7 specimens measured).

Rem arks. The holotype o f this taxon was reported to have an ornam ent o f fine, closely spaced 

granules (Downie 1963, p. 638). On re-exam ination o f the holotype, however, no such ornam ent could 

be seen and the roughened vesicle surface appears to be the result of preservation.

Those specimens assigned to B. cantabricum  by Lister (1970) are divided herein into two separate 

taxa {E. granulata  and Pulvinosphaeridium  dorningii sp. nov.). Those specim ens w ith thin w alls and 

elongate, tapering, sharp tipped processes are assigned to this taxon; those thicker exam ples, often 

possessing a linear structure w ithin the walls o f the processes, which are broader based and taper to 

sim ple, noticeably rounded tips, are assigned to P. dorningii sp. nov.. Specim ens from  the W enlock 

Series o f Dudley, England, assigned to Polygonium  polygonale  by Eisenack (1965a, pi. 24, figs 5-6) are 

considered  to belong in E. granulata; the holotype o f P. polygonale  has m ore num erous, shorter 

processes.

O ccurrence. Coalbrookdale Form ation, W enloek Series, Shropshire (Downie 1963); Slite 

Form ation, W enlock Series, G otland (Eisenack 1965a, as B. polygonale); W enlock Series, Dudley, 

England (Eisenack 1965a, 1977, as B. polygonale  and G. polygonale); M uch W enlock Lim estone-Lower 

E lton form ations, Ludlow  and M illichope areas, Shropshire (Lister 1970, as B. cantabrica; L ister & 

D ow nie 1974, as E. granulata  and B. cantabricum ); upper C oalbrookdale-Low er Elton form ations, 

W enlock-Ludlow  Series, W elsh Borderland (D om ing 1981a); M uch W enlock Lim estone Form ation, 

Pitch Coppice Quarry; Low er E lton Formation, Goggin Road. Known range: Sheinwoodian-lowerm ost 

Gorstian stages.

Eupoiîdîofusa Cramer 1970a 

1973b M oyeria; Thusu, p. 141-142 {nomen nudum).

Type Species. By original designation, Leiofusa striatifera  C ram er 1964a, p. 35-36, pi. 2, figs 

9, 13 from  the San Pedro Formation, probably low er Gedinnian Stage, Oblanca, N W  Spain.

Diagnosis. (Cram er 1970a, p. 85). "Vesiele hollow, elongately fusiform  three dim ensionally to 

half m oon shaped. A  relatively short process may be present at each pole. These equivalent processes 

m ay attain up to ten percent o f the length o f the body proper but the length, and the presence or absence 

o f these processes, are variable characters even in specim ens from  the same sam ple. V esicle walls 

uniform , thin (0.5 micron) and psilate except for the sculptural elements. The wall is unilayered and, in 

general, uniform but has numerous longitudinally aligned thicker ribbles which apparently aie bordered by 

areas o f structural weakness and w hich cause num erous longitudinal wrinkles. A lthough the general 

appearance o f this taxon is constant, the wrinkled striae which help to determ ine the aspect o f the species 

aie very variable indeed: not only in the length-but also in number, position and form  of the wrinkles.

62



CHAPTER 2

The longitudinal axis o f the vesicle m ay be straight or m ay be curved. The species opens by a straight 

longitudinal split pylom e situated at approximately the thickest portion o f the vesicles."

Remarks. The name Eupoikilofusa  was considered illegitim ate (I.C.B.N. articles 63.1 and 63.2), 

and not legitim isable unless conserved, since the type species o f D actylofusa  B rito &  Santos 1965 and 

P oikilo fusa  Staplin et al. 1965 were not excluded when C ram er (1970a, p. 83) included the genera in 

synonym y with E upoikilo fusa  (Fensom e e t al. 1990, p. 12). Thus, E upo ikilo fu sa  was regarded as a 

ju n io r synonym  o f D a c ty lo fu sa  by Fensom e e t al. (1990, p. 179). W ithin the sam e publication, 

how ever, C ram er (1970a, p. 82, fig. 25b), separated, deseribed and illustrated  the type species of 

D actylofusa, D actylofusa marahensis Brito & Santos 1965. In remarks on the synonymy of Dactylofusa, 

Cram er (1970a, p. 80) indicated that he was erecting Eupoikilofusa  to replace Poikilofusa; no species o f 

D actylofusa  or Poikilofusa  were transferred, however, to Eupoikilofusa. The author agrees w ith D om ing 

(1994) who considered Eupoikilofusa  to be validly published and to display a distinct, characteristic shiate 

ornam ent, w hich  places it w ithin a group o f sim ilar, fusiform  acritarchs; Leio fusa-X & eviga ie , 

E upoikilofusa-sinaie, D actylo fusa-com plex  short processes often arranged in rows, Poikilofusa-smaW , 

simple processes, randomly distributed.

Eupoikilofusa filifera (Downie 1959) D om ing 1981a emend. PI. 4, fig. 5; PI. 10,

fig. 14.

p.v* 1959 Leiofusa filifera  sp. nov.; Downie, p. 65, pi. 11, fig. 7 (only).

1981 Eupoikilofusa filifera  n. comb.; Dom ing, p. 181 (no fig.).

.1989 Eupoikilofusa striatifera typica  C ram er & Diez; Le Hérissé, p. 135-136, pi. 13, figs 9- 

15.

1990 D actylofusa filifera  (Downie 1959) comb, nov.; Fensome et al., p. 180 (no fig.).

H olotype. Downie 1959, pi. 11, fig. 7; M ik(P) 10001; from  the Coalbrookdale Form ation, 

W enlock Series, W enlock Edge, Shropshire.

O riginal D iagnosis. (Downie 1959, p. 65). "A species o f Leiofusa  w ith  the ends drawn out to 

form  long hollow  threads, body about one-third o f total length, body w idth about one-quarter o f its 

length."

E m ended D iagnosis. Vesicle laevigate, hollow, thin, elongate, w ith striae along the length of 

the vesicle parallel to the longest axis. Striae result from  longitudinal thickenings or folds in the vesicle 

w all, 3-5 per side, spaced 3-5|0, apart a t the w idest point. A t each pole, a thin, laevigate, hollow , 

e longate, straight or curved process is found, w hich lacks any striations; p rocess-vesicle contact 

indistinct, processes open to the vesicle interior. Excystm ent by sim ple longitudinal rupture in the 

vesicle wall.

Dimensions. T=116-350pm , VL=58-132p,m, V W =17-31pm  (10 specimens measured).

Remarks. The second specimen assigned to this taxon by Downie (1959, pi. 11, fig. 6) does not 

belong in this species and is probably an exam ple o f Leiofusa parvitartis. The holotype o f Eupoikilofusa
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s tr ia tifera  C ram er 1964a (pi. 2, fig. 9), from  the Silurian-D evonian o f N W  Spain, differs in having 

shorter processes w ith m ore longitudinal striations on the vesicle. Those specim ens assigned to 

Eupoikilofusa striatifera typica  (an invalid name, see Fensom e et al., p. 216) and illustrated by Le Hérissé 

(1989, pl. 13, figs 9-15) can be assigned to this E. filifera , as they have few er striations and longer 

processes than the holotype o f E. striatifera. Some forms illustrated by Cram er (1970a, pi. 3, fig. 51) as

E. striatifera  (age and locality unknown), are also sim ilar to E. filifera , though are not included as the 

shiae are wealdy developed.

Occurrence. Coalbrookdale Form ation, W enlock Series, Shropshire (D ow nie 1959); M uch 

W enlock Lim estone-D ow nton Castle Sandstone form ations, W enlock-Prfdoli series, Ludlow (L ister & 

D ow nie 1974); Silurian, Podolia (ICiryanov 1978); upper Llandovery Series-m iddle Elton Group, 

Ludlow  Series, W elsh Borderland (D om ing 1981a); M ueh W enlock Lim estone Form ation, W enlock 

Series, Dudley (D om ing 1983); V isby-H am ra form ations, upper L landovery-upper Ludlow  series, 

Gotland (Le Hérissé 1989); M uch W enlock Lim estone-M iddle Elton formations. Pitch Coppice Quarry 

and G oggin Road, being at its m ost abundant in the m iddle Low er Elton Form ation (G oggin Road). 

Known range: upper Llandovery-Prfdolf series.

E u p o ik ilo fu sa  te n u is tr ia ta  (Pôthé de Baldis 1975) Pothé de Baldis 1981 Pl. 4, fig. 6;

Pl. 11, fig. 6.

1975 Leiofusa tenuistriata  n. sp.; Pothé de Baldis, p. 494, pi. 3, fig. 6.

1981 Eupoikilofusa  cf. tenuistriata  (P. de Baldis) n. comb.; Pothé de Baldis, p. 240, pi. 5, fig. 6.

1990 D actylofusa tenuistriata  (Pothé de Baldis 1975a) comb, nov.; Fensom e e ta l., p. 182-183 (no 

Gg.).

H olotype. Pôthé de Baldis 1975, pi. 3, fig. 6; 106.5/35.0; from  the Los Espejos Form ation, 

W enlock Series, San Juan province, Argentina.

D iagnosis. (T ranslated from  Pôthé de Baldis 1975, p. 494). "Vesicle o f fusifom r outline. 

Central body o f elliptical outline and thin walled, w ith a very fine striate sculpture. The body ends 

abruptly, giving rise to processes which are short."

Description. Vesicle elongate, hollow; one edge almost straight, the other obviously inflated. 

Vesicle ornamented w ith fine costae (c. 0 .3 |lm  wide, spaced c. 0.05pm  apart), costae run along the length 

of the vesicle parallel to the longest axis. Processes hollow, simple, laevigate, slightly thicker than the 

vesicle wall, displaced towards the straighter edge o f the vesicle, with a distinct process-vesicle contact. 

Excystm ent mechanism not observed.

D im e n sio n s . VL=40-56|J,m , VW =18-27p,m , PL=29-41|0.m, P 0b= 2-5 |xm  (8 specim ens 

measured).

Remarks. This species was transferred to Dactylofusa  by Fensom e et al. (1990, p. 182), which 

they considered to be the senior synonym  of E upoikilofusa; the species is retained in E upoikilo fusa , 

which is considered validly published (see Eupoikilofusa-R.evnaxks above).
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Occurrence. Los Espejos Formation, W enlock and Ludlow series, Argentina (Pôthé de Baldis 

1975, 1981); K linteberg (unit f), H em se (units a, b, «marl top»). Eke (base) and H am ra (units a, b) 

form ations, Ludlow  Series, G otland (Le H érissé 1989); in low numbers from  the upper M iddle Elton 

Form ation, Goggin Road. Known range: W enlock-Ludlow series.

Genus Evittia Brito 1967 emend. Lister 1970

1966 Evittia; Brito, p. 78 (nomen nudum).

1967 Evittia  Brito, new genus; Brito, p. 477.

1970 Evittia  Brito 1967, mutatis characteribus; Lister, p. 66 (November).

1970 Diexallophasis Loeblich, n. gen.; Loeblich Jr., p. 714 (December).

1974 Exoc/ïoc/erma W icander, n. gen.; Wicander, p. 24.

Type Species. By original designation, E vittia  sommeri B rito 1967, p. 477, pi. 1, figs 9-12; 

from the Low er Devonian, M aranhao Basin, Brazil.

D iagnosis. (L ister 1970, p. 66). "Vesicle hollow , subspherical to polygonal, single walled; 

vesicle wall m ay be sm ooth or seulptured; processes are heteromorphic, hollow, invariably granular to 

echinate, com m unicating freely w ith the vesicle cavity. Excystm ent by cryptosuture, apical or near 

equatorial."

Rem arks. The genus Evittia, as published by Brito 1966, was a nomen nudum, as type species,

E. sommeri, had no designated holotype; the genus was validly published by Brito (1967, p. 477). In 

the original diagnosis o f B rito (1966, p. 78), only the digitate nature o f the process branching was 

m entioned and it was not until the emended diagnosis o f Lister (1970, p. 66) that the granulate or eehinate 

nature o f the processes was expressed. This diagnosis o f L ister (1970) encom passes those form s 

subsequently assigned to Diexallophasis by Loeblich Jr. (1970, p. 7 1 4 ). The genera D iexallophasis  and 

E xochosphaerid ium  , were considered jun io r synonym s of Evittia  by Le Hérissé (1989, p. 125). He 

considered that these genera were described to encompass forms with similar m orphologies to Evittia from 

the S ilurian and U pper D evonian respectively, w ithout evaluation o f the intraspecific variation (Le 

Hérissé 1989, p. 125). In both cases, the authors did not compare their new genera to Evittia.

Evittia  has been considered a junior synonym of Baltisphaeridium  and M ultiplicisphaeridium  

(see Fensom e e t al. 1990, p. 216), though it is now considered distinct. The digitate nature o f branching 

and the  p resen ce  o f  o rn am en t on the  v esic le  and p rocesses d is tin g u ish es  E v i t t i a  from  

M ultiplicisphaeridium ; the processes o f Baltisphaeridium  are generally simple, though they may rarely 

branch, and the process cavities do not communicate with the vesicle interior.

Two species, from  the Ludlow  Series o f N W  Spain, are herein transferred to E vittia . Both 

M ultiplicisphaeridium  aculeatum  and M ultiplicisphaeridium  alm arada  show ornam ented vesicles and 

echinate processes, w ith M. a lm arada  also displaying striations on the process bases. There is a 

possibility that these two taxa may be synonym ous w ith other species o f Evittia  (e.g. E vittia  remota), 

though no detailed synonymy is attempted herein.

65



CHAPTER 2

Evittia aculeata  (Diez & C ram er 1976) comb. nov. (= M ultiplicisphaeridium  aculeatum  D iez & Cram er

1976, p. 126, pi. 3, figs 8, 10, text-fig. 3:5); E vittia  a lm arada  (D iez & C ram er 1976) comb. nov.

(=Multiplicisphaeridium almarada  D iez & Cramer 1976, p. 126-127, pi. 3, figs 13-14, text-fig. 3:6).

E v ittia  re m o ta  (D eunff 1955) Lister 1970 Group PI. 4, fig. 9; PI. 11,

figs 1-2.

1955 Veryhachium remotum  n. sp.; Deunff, p. 146, pi. 4, fig. 8.

1963 Baltisphaeridium  denticulatum  nov. sp.; Stockmans & W illière, p. 458, pi. 1, fig. 4,

text-fig. 13 (June).

1963 Baltisphaeridium  granulatispinosum  sp. nov.; Downie, p. 640-641, pi. 91, figs 1, 7, 

text-fig. 3c (December).

1969 Baltisphaeridium  furcatispinosum  n. nov.; Gorka, p. 47-48, pi. 5, fig. 12 (illegitimate, 

see B. denticulatum  in Fensom e et al. 1990, p. 93-94).

1970 Evittia granulatispinosa  (Downie 1963) comb, nov.; Lister, p. 67-69, pi. 4, figs 2-3, 

5-9, 12, pi. 5, fig. 2, text-fig. 17o, 20b.

p 1970 Evittia remota  (D eunff 1955a) comb, nov.; Lister, p. 69-70, pi. 4, figs ?10, ?11, 13-

15 (only) (November).

vp. 1970 M ultiplicisphaeridium  fisherii (Cram er 1968) comb, nov.; Lister, p. 86-87, pi. 10, fig.

18 (only).

1970 Diexallophasis denticulata  (Stoclanans & W illière) n. comb.; Loeblich Jr., p. 715- 

716, figs 8 A-E, 9 A-C (December).

1972 Baltisphaeridium rojense; Yankauskas & Vaiteunene, p. 121, pi. 17, figs 10-11, text- 

fig. 3.

1973 M ultiplicisphaeridium  denticulatum  (Stockmans & W illière 1963); Eisenack et a l ,  p. 

587-591.

1973 M ultiplicisphaeridium  granulatispinosum  (Downie 1963); E isenack et a i ,  p. 653.

1973 M ultiplicisphaeridium  remotum  (D eunff 1955); Eisenack et a l ,  p. 773.

1974 Diexallophasis granulatispinosa  (Downie) comb, nov.; Hill, p. 12 (no fig.).

1974 Peteinosphaeridium  granulatispinosum  (Downie); Piskun, caption to pi. 12, fig. 12

(invalid combination).

1977 Diexallophasis remota  (Deunff) comb, nov., emend; Playford, p. 19-21, pi. 6, figs 12- 

14; pi. 7, figs 1-11, text-fig. 8.

1989 Evittia denticulata denticulata  (Cramer) comb, nov.; Le Hérissé, p. 126-127, pi. 11, 

figs 1-6.

1990 Diexallophasis remota  (Deunff 1955a) emend. Playford 1977; Fensom e e ra /., p. 

198-199 (no fig.).

1994 Evittia remota  (D eunff 1955) Lister 1970; Sarjeant & Stancliffe, p. 55 (no fig.).
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H olo type. D eunff 1955, p. 146, pi. 4, fig. 8; H-77, RU; from  the m atrix o f a loose coral 

(Favosites turbinata), Onondaga Limestone, Devonian, Ontario, Canada.

D iagnosis. (Playford 1977 for Diexallophasis remota, p. 19-20). "Vesicle originally spherical 

or nearly so; outline variable-circular, subcircular-, square, tiiangular, rectangular, or polygonal. W all o f 

vesicle single-layered, up to 1.5|Pm th ick  (average 0.7pm ); alm ost sm ooth to faintly  granulate or 

scabrate  under ligh t m icroscope; m icrogranulate , granulate, m icrogranu late  to m icropuncta te , 

microrugulate, or microreticulate under scanning electron microscope. Long, slender, ±  flexible processes 

distributed fairly regularly on vesicle; number variable, usually 4-12, average 6-7, rarely as m any as 18- 

20. Processes heterom orphic or near heterom orphic, w ith essentially hollow  interiors, and constituting 

drawn-out, basically subcylindrical extensions o f vesicle wall, freely com municating w ith vesicle cavity. 

A t proxim al ends, processes have curved to angular contacts with wall o f vesicle; distal extrem ities 

simple or, more typically, branched (bifurcate to first, second or rarely third order; or digitate). Branching 

often som ew hat asym m etrical. Length o f processes variable, from  about 0.8 to 2 .0 tim es vesicle 

diameter. Processes seulptured sparsely to moderately densely echinate to granulate elements, and in some 

specim ens, w ith d iscontinuous, fine, subparallel (longitudinal) ridges that are usually  developed 

proxim ally as a type o f substriate subsidiary sculpture. Spines on processes up to 2 pm  long, usually 

about 0.5- 1 pm . Excystment, rarely observed, is by simple rupture o f vesiele wall."

D escrip tion . Vesicle thin walled, laevigate to faintly scabrate under transm itted light, w ith 

tetrahedral, rectangular-, square, polygonal or spherical outline. W ith a SEM, the vesicle surface appears 

laevigate, granulate, microfoveolate, m icropunctate or granoreticulate. Processes hollow, slender, straight 

or slightly flexuous, tapering to simple or digitate tips, rarely branched from  half way along their length; 

processes slightly echinate or echinate under tr ansmitted light, with a SEM  the processes appear echinate, 

w ith the m ajority  o f their bases appearing striate; the striae ju s t extend onto the vesicle surface. 

Excystm ent via rupture, which can be ornamented with large grana along its length.

Dimensions. V=13-40prn, PL=18-53pm , P0b=2.5-8.5pm , PN=4-10 (10 specimens measured).

Remarks. The diagnosis given above is the emended diagnosis proposed by Playford (1977) for 

D. remota, a junior synonym o f E. remota. The species Diexallophasis caperoradiola  Loeblich Jr. 1970 

has a diagnosis that falls w ithin the variation o f the E. rem ota  G roup (as applied herein) and was 

considered a possible junior synonym o f E. remota  by Playford (1977, p. 21). The variation described in 

D. rem ota  by P layford (1977) was considered too broad by W icander & W ood (1981, p. 33), who 

separated forms possessing only simple processes into Diexallophasis simplex  W icander & W ood 1981.'

Le H érissé (1989), in describing specim ens similai- to those deseribed here, used the nam e E. 

denticulata, considered a junior synonym o f E. remota  herein; he excluded E. remota  from  his synonymy, 

indicating that he considered it a distinct species. He also used vesicle ornam ent to subdivide Evittia  into 

a num ber o f species and subspecies (Le Hérissé 1989, p. 126-129, 131). A lthough the use o f vesicle 

ornam ent has a use for subdivision, it is only praetieable when using scanning electron m icroscopy. 

Specim ens recovered  in this study, w hich show  a variety o f vesiele ornam ent w ith a SEM  (see 

Description above), have, therefore, been placed within an informal E. remota group.
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Occurrence. This taxon has a very wide geographical and shatigraphical range, see E isenack et 

al. (1973, p. 594, 596, 598, 600, 602, 604, 773) for a  list o f pre 1973 occurrences. Only the U K  

occurrences o f this taxon are listed. Buildwas Form ation, W enlock Series, Shropshire (Downie 1963); 

M uch W enlock L im estone-D ow nton C astle  Sandstone form ations, upper W enlock-Prfdolf series, 

Shropshire (Lister 1970, Lister & Downie 1974); Llandovery-lower W enlock series, Llandovery type area 

and W elsh Borderland (Hill 1974); W enlock Series, Ayrshire (Doming 1982); M uch W enlock Limestone 

Form ation, W enlock Series, Dudley, U K  (D om ing 1983); upper Llandovery-low er W enlock series, 

W enlock type area (M abillard & Aldridge 1985); A shgill-L landovery series, Libya (Hill & M olyneux 

1988); Llandovery Series, type Llandovery area (Hill & D om ing 1984); m iddle W enlock Series, Cheviot 

Hills, N E England (Barron 1989); Coalbrookdale Formation, W enlock Series, Shropshire (Turner e ta l. 

1995); M uch W enlock Lim estone-M iddle Elton form ations. Pitch Coppice Quarry and Goggin Road. 

Known range (global): Silurian-Devonian.

E v ittia  ro b u s tisp in o sa  (Downie 1959) Le Hérissé 1989 emend. PI. 5, fig. 6 ;

PI. 10, figs 15-16.

V *  1959 Baltisphaeridium  robustispinosum  sp. nov.; Downie, p. 61, pi. 10, fig. 7.

1973 Tylotopalla robustispinosum  (Downie); Eisenack e ta l., p. 1071-1072. 

p 1978 Tylotopalla tappanae sp. nov.; ICiryanov, p. 87, pi. 13, fig. 7 (only).

1989 Evittia robustispinosa  (Downie) Lister; Le Hérissé, p. 129-130, pi. 12, figs 6-10.

1990 Tylotopalla robustispinosum  (Downie 1959) Eisenack et al. 1973; Fensom e et al., p.

500 (no fig.).

H olo type . D ow nie 1959, pi. 10, fig. 7; M ik(P)9002; from  the C oalbrookdale Form ation, 

W enlock Series, W enlock Edge, Shropshire.

Original diagnosis. (Downie 1959, p. 61). "A species o f Baltisphaeridium  w ith a m ore or less 

spherical test, diam eter about 30(1, processes about 10(i, stout, 4(t wide at base, 10 to 15(1 apart, about 

seven seen at circumference, surface of processes granular, terminated by a short hair, sometimes broken."

E m ended  d iagnosis. V esicle spherical to ellipsoidal, granulate under transm itted  light, 

granoreticulate with a SEM. Processes short, broad based, echinate along their length, hollow  and open 

to the vesiele interior. U nder transm itted light the processes can appear simple, w ith pointed tips, or 

branched due to distal echinae. Excystm ent by rupture o f the vesicle wall.

Dimensions. V=23-33(im, PL=8-17(tm, P0b=3-8(im , PN=11-18 (7 specimens measured).

Rem arks. The diagnosis has been em ended to inelude new infoim ation from  SEM  work. The 

synonom y o f Tylotopalla wenlockia  D om ing 1981a, proposed by Le H érissé (1989, p. 129), is rejected 

herein, as T. wenlockia  has processes which are m uch m ore elongate than those o f E. robustispinosa. 

The transfer o f robustispinosum  to Evittia  was attributed to Lister (1970) by Le H érissé (1989, p. 129). 

In his monograph. L ister indieated that B. robustispinosum  should be transferred to Evittia; he did not, 

however, clearly use the name E. robustispinosa  and the combination was not validly published.
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O ccurrence. C oalbrookdale Form ation, W enlock Series, Shropshire (Downie 1959); Ludlow 

Series, Shropshire (Lister & Downie 1967); Llandovery-lower W enlock series, Llandovery type area and 

W elsh Borderland (Hill 1974); Ludlow Series, Podolia (Kiryanov 1978, as T. tappanae); Buildwas-M ueh 

W enlock Lim estone formations, W enlock Series, W elsh Borderland (Dom ing 1981a); M uch W enlock 

Lim estone Formation, W enlock Series, Dudley, UK (Dom ing 1983); Llandovery Series, Llandovery type 

area (Hill & D om ing 1984); upper L landovery-lower W enlock series, W enlock type area (M abillard & 

A ldridge 1985); upper Llandovery Series, L ibya (Hill & M olyneux 1988); m iddle W enlock Series, 

C heviot H ills, N E England (Barron 1989); L landovery-W enlock series, G otland (Le H érissé 1989); 

Silurian, A rgentina (Rubinstein 1993); Coalbrookdale Formation, W enlock Series, Shropshire (Turner et 

al. 1995); very rare from the upper Low er Elton-M iddle Elton fonnations, Goggin Road. Known range: 

Llandovery-lower Ludlow series.

Genus Glyptosphaera Kiryanov 1978

Type Species. By original designation, G lyptosphaera speciosa  K iryanov 1978, p. 53, pi. 4, 

figs 1-2; Ludlow Series, Podolia.

D iagnosis. (T ranslated from  K iryanov 1978, p. 52-53). "Vesicle spherical, single walled, 

relatively thick walled. The surface is covered by rather low erests or spines which create a characteristic 

pattern. N ow  and then the crests divide into short right angled branches or go basieally parallel. Crests 

divide seldom  so that it is im possible to piek out some o f their separations. Specim en pattern has some 

tendency towards symmefry."

Remarks. The nature o f the membranes differentiates Glyptosphaera from  Cymatiosphaera  and 

D ictyotid ium , which have m em branes or ridges that are joined, forming a closed series o f fields. The 

large size range o f individuals o f the species assigned to Glyptosphaera herein may indicate that this genus 

is a prasinophyte alga. The presence o f pylomes, not ruptures, in individuals o f G lyptosphaera speciosa  

(see below), however, suggests its exclusion.

G ly p to s p h a e r a  h e l ta s k e l ta  sp. nov. PI. 4, fig. 10; PI. 11, figs 15-16.

Name. Species name heltaskelta, after the fairground ride helta-skelta, in w hich a slide spirals 

ar ound a centtal column.

H olotype. PI. 11, fig. 15; TR ENCH4/176-A  (SEM )-L40; from  the M iddle Elton Form ation, 

Goggin Road, M ortim er Forest, Ludlow.

Diagnosis. Vesiele laevigate, spherical to ellipsoidal, single walled. Cristae, w hich may appear 

crenulate along their length, sw irl around the  vesicle, producing a distinctive  concentric  pattern. 

Excystm ent m echanism not observed.

Dimensions. V=16-56(im, C=up to 1.5(im, W =up to 4pm  (9 specimens measured).

Remarks. The m ajority o f specimens o f this taxon have relatively thick walls (3-4pm ) and large 

vesicles (35p-56pm ). One exam ple (PI. 11, fig. 16) is m uch sm aller (V = 16pm ) and has a thinner
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vesicle wall. I t possesses, however, an identical arrangem ent o f cristae and has been included in  this 

taxon, which appears to display a sim ilar range o f sizes as G. speciosa. The large specimen illustrated by 

transm itted light (PI, 4, fig. 10) has crenulate cristae, which sometimes appear- to join , w ith rare central 

nodes being visible. This may suggest a close link between G. heltaskelta  sp. nov. and the prasinophyte 

algal taxa M. amydra.

Form s assigned to G. speciosa  by Le H érissé (1989, p. 139, pi. 14, figs 18-20) appear 

superficially sim ilar to G. heltaskelta  sp. nov. in possessing generally unbranched cristae w hich swirl 

around the vesicle. The cristae on G. heltaskelta  sp. nov. are, however, m uch m ore densely paeked and 

have, on occasion, a crenulate appearance along their length. G. heltaskelta  sp. nov. is differentiated from

G. speciosa  by its generally larger, thieker vesicle and characteristic sw irling pattern o f occasionally 

crerrulate, unbranched, cristae.

Occurrence. Rare in the Low er Elton Formation, becoming m ore com m on in the M iddle Elton 

Form ation, Goggin Road.

G ly p to s p h a e ra  sp ec io sa  K iryanov 1978 PI. 5, fig. 7; PI. 11, figs 13-14.

1971 Exam ple o f cristate ornament; Tappan & Loeblich Jr., pi. 1, fig. 16.

1978 G lyptosphaera speciosa  sp. nov.; Kiryanov, p. 53, 54, pi. 4, figs 1, 2.

1990 Glyptosphaera speciosa  ICiryanov 1978; Fensom e et a l ,  p. 232 (no fig.).

Holotype. Kiryanov 1978, pi. 4, f ig .l; Ludlow Series, Podolia.

D iagnosis. (1978, p. 53-In Russian).

D e scrip tio n . V esicle laevigate, spherical to ellipsoidal, single w alled. C ristae generally 

branched, producing a characteristic labyrinth-like pattern; occasional small node-like structures m ay also 

be present. Excystm ent possibly by pylome.

Dimensions. V=15-48(im, C=0.2-0.5(tm, W =0.75-1.5(tm  (19 specimens measured).

Rem arks. This species was first figured as a scanning electron m icrophotograph by Tappan & 

Loeblich Jr. (1971, pi. 1, fig. 16), who used it as an exam ple o f cristate ornament. Som e exam ples, 

illustrated and assigned to G. speciosa  (Le Hérissé 1989, p. 139, pi. 14, figs 18-20) differ from  the type 

material and specimens recovered here, in having cristae which do not branch to the same degree and fo m  

a sw irl-like pattern on the vesicle, sim ilar to that seen in G. heltaskelta  sp. nov.; the plaeing o f these 

exam ples into G. speciosa  is questioned. One speeim en (Le Hérissé 1989, pl. 14, fig. 17), however, 

shows cristae with a higher degree o f branching and can be included in G. speciosa.

The size range o f G. speciosa  has been expanded to include very small, thin walled forms (pi. 11, 

fig. 14). These small specimens have an identieal arrangement o f cristae to their larger counterparts and a 

few specimens also show circular pylomes (diameter = 6(lm).

This species differs from G. heltaskelta  sp. nov. in being generally smaller, thinner walled, w ith 

less densely arranged, branehed, cristae.
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Occurrence. Silurian, Podolia (Kiryanov 1978); Hogklint-Hamra formations, low er W enloek- 

upper Ludlow  series, Gotland, Le Hérissé 1989); rare over the m uch W enlock Lim estone-Low er Elton 

form ation boundary (Pitch C oppice Quarry and G oggin Road), low abundances throughout the low er 

E lton Formation, becom ing m ore common in the M iddle Elton Formation, Goggin Road. Known range: 

W enlock-Ludlow series.

Genus Gorgonisphaeridium Staplin, Jansonius & Pocock 1965

Type Species. By original designation, G orgonisphaeridium  w inslow ii Staplin, Jansonius & 

Pocock 1965, p. 193, pi. 19, figs 11, 18-20, text-fig. 4; Imperial Grassy Lake No. 3, 2-35-10-13-W 4M , 

Southern Alberta; core, 3904', B anff Formation, Low er M ississippian, Carboniferous.

D iagnosis . (Staplin e t al. 1965, p. 192). "Vesicles spherical; w all firm , relatively thiek, 

sm ooth or w ith m inute sculpture; spines num erous, solid, usually sinuous, slender or broad, o f same 

m aterial as vesicle wall. Tips sim ple or distally branched, flexible, bases m ay be slightly bulbous; 

vesicle size o f Icnown species relatively large."

Rem arks. This genus differs from  M ultiplicisphaeridium  in having processes w hich are solid, 

not hollow. Fensom e et al. (1990, p. 238) considered the diagnosis o f G orgonisphaeridium  to have been 

em ended by K iryanov (1978, p. 14-15). In the system atics section o f his paper, however, there is no 

indieation that any emendation was intended (Kiryanov 1978, p. 55).

G o rg o n is p h a e r id iu m  c itr in u m  (D ow nie 1963) comb. nov. PI. 5, fig. 4;

PI. 11, figs 11, 12.

V *  1963 Lophosphaeridium  citrinum  sp. nov.; Downie, p. 630-631, pi. 92, fig. 3.

1971 Buedingiisphaeridium  citrinum  (Downie 1963); Cramer, caption to pi. 3, fig. 13. 

(invalid combination, basionym not fully referenced).

1974 Baltisphaeridium  aff. citrinum  (Downie, Ch., 1963) nov. comb.; Stockmans & 

W illière, p. 12 (no fig.).

1990 Baltisphaeridium  citrinum  (Downie 1963) Stoclanans & W illière 1974; Fensom e et 

a l ,  p. 90 (no fig.).

Holotype. Downie 1963, pi. 92, fig. 3; Slide 5, W S/4a; from the Tickhill (=Tickwood) Beds, 

upper Coalbrookdale Fonnation, W enlock Series, W enlock Edge, Shropshire.

D ia g n o s is .  (D ow nie 1963, p. 630-631) "V esicle e llipsoidal, lem on yellow  in colour. 

O rnam ent o f capitate spine (pilae). Body size about 40 by 30 microns; spine length 1 to 2 m icrons, 

spacing 1 to 2 microns."

D escription. V esicle spherical to ellipsoidal, w ith a single, thin to m oderately thick, laevigate 

wall. The vesicle is covered w ith numerous short, solid processes, w hich may be straight or flexuous, 

tapering or columnar, with simple or capitate tips. Excystm ent by unornamented rupture.
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Dimensions. V= 6-29|J,m, PL=0.7-3(im, P0b=O .25-l(tm  (9 specimens measured).

Rem arks. This species generally has a thinner vesicle wall than G. succinum , whieh also has 

fewer, longer processes, which are branched, not capitate. The diagnosis in  D ownie (1963) cites vesicle 

size as "40 by 30 microns", which is larger than those specimens recovered here. In his rem arks, Downie 

(1963) states that m ost exam ples excyst via a pylom e, the holotype shows no excystm ent structures; 

exam ples herein exeyst via a rupture (PI. 11, fig. 11).

The transfer o f this taxon to Baltisphaeridium  by Stockmans & W illiere (1974) is rejected, as the 

holotype has a single Wall and solid, simple or capitate processes.

Occurrence. Coalbrookdale Form ation, W enlock Series, W enloek Edge, Shropshire (Downie 

1963); M uch W enlock Lim estone-Low er Elton Form ation, Pitch Coppice Quarry and G oggin Road; 

absent from  the upper Low er Elton Form ation, m ore com m on in the M iddle Elton Form ation, G oggin 

Road. Known range: Sheinwoodian-lower Gorstian stages.

G o rg o n is p h a e r id iu m  ? l is te r i sp. nov. PI. 5, figs 10-11.

1970 G orgonisphaeridium  sp. nov.; Lister, p. 75, pi. 8, figs 5-7.

non. V *  1981a G orgonisphaeridium  bringewoodensis  n. sp.; Doming, p. 185-186, pi. 2, fig. 5.

Name. Species name listeri, after T. R. L ister who first deseribed this taxon.

Holotype. PI. 5, fig. 11; GOG12/302-A (2)-Q29/3; from the M iddle Elton Form ation, Goggin 

Road, M ortim er Forest, Ludlow.

Diagnosis. V esicle ellipsoidal, subspherical, rarely subtriangular (convex sides), w ith a single, 

m oderately thick wall. The vesicle has two distinct levels o f ornament; a reticulate pattern (form ed by 

the expanded, bulbous process bases) and processes. The processes are thin, solid, tapering, w ith 

generally sim ple tips, though som e appear to possess small structures at their extrem ities. Excystm ent 

by unornamented rupture.

Dimensions. V=25-34|xm, PL=1.5-6(im, W =0.75-1.5(im  (8 specimens measured).

Remarks. D om ing (1981a, p. 185) included those specimens illustrated as G orgonisphaeridium  

sp. nov. by L ister (1970) in synonymy with his new species G. bringewoodensis. The holotype o f G. 

bringewoodensis lacks bulbous process bases, which produce the reticulate pattern on the vesicle o f G. ? 

listeri, and is considered a distinct species. G. ? listeri appears very sim ilar to G. ? listeri var. A, which 

has more processes and a smaller reticulate pattern on the vesicle.

Specimens recovered here are generally sm aller than those recovered by L ister (1970, V  = 31- 

40(im ). This taxon, and the  varian t described  below , have been  p rov is iona lly  inc luded  in  

G orgon isphaerid ium  as they can appear subtriangular, raising the possibility  that they are perhaps 

sporomorphs, though no other structures have been observed that would confirm  this.

O ccu rren ce . U pper E lton-U pper B ringew ood form ations, Ludlow  Series, L udlow  and 

M illichope, Shropshire (Lister 1970); M iddle Elton Formation, Goggin Road. Known range : Gorstian 

Stage.
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G o r g o n is p h a e r id iu m  ? lis te r i var. A  PI. 5, figs 12-13.

D escription. Vesicle single walled, generally subspherical or ellipsoidal, rarely subtriangular 

w ith convex sides. The vesicle has a dense covering o f very thin, solid processes w hich taper to sim ple 

tips. The process bases are slightly bulbous, though this is difficult to observe on m ost specim ens, and 

this produces a fine reticulate pattern on the vesiele surface. Excystm ent by sim ple, unornam ented 

rupture.

Dimensions. V=22-31(im, P L = l-6(im, W =0.5-l(im  (8 specimens measured).

Remarks. This taxon differs from  G. ? listeri in possessing a m uch m ore dense arrangem ent of 

processes and a finer reticulate pattern on the vesicle (diameter = 0 .5-l(im  vs’ 1.5-3(im). As stated above 

(G. ? listeri-Remarks) the subhiangular shape o f some specimens may raise the possibility that this taxon 

is a sporomorph.

O ccurrence. M uch W enlock L im estone-Low er Elton form ation. Pitch Coppice Q uarry and 

Goggin Road, Ludlow.

G o rg o n is p h a e r id iu m  ra m o s u m  Pôthé de Baldis 1981 PI. 5, fig. 2; PI. 11, figs 7-8.

1981 G orgonisphaeridium  ramosum  n. sp.; Pôthé de Baldis, p. 243, pi. 4, fig. 4.

1990 Gorgonisphaeridium ramosum  Pôthé de Baldis 1981; Fensome e t al., p. 239 (no fig.).

H olotype. Pôthé de Baldis 1981, pi. 4, fig. 4; Los Espejos Form ation, low est Ludlow  Series,

Los Azulejitos, San Juan Province, Argentina.

D iagnosis. (Translated from  Pôthé de Baldis 1981, p. 243). "Vesicle o f circular outline w ith a 

central body o f m em brane thin and sm ooth. N um erous, hom om orphic, solid  processes present, no 

connections w ith the interior o f the central body, ram ified evenly to third order at different stages along 

their length. The m embrane o f the central body and that o f the processes is o f the right type."

D escrip tion . V esicle spherical to ellipsoidal, very thin walled, alm ost transparent; faintly

scabrate under transm itted light, m icrorugulate w ith a SEM. Processes num erous, solid, noticeably 

thicker than vesicle wall, tapering slightly with irregularly branched tips (up to 3rd order). Excystm ent 

m echanism  not observed

Dimensions. V=15-24(im, PL=4-8.5(im, P0b=l-2|O,m (6 specimens measured).

Remarks. This species resembles Gorgonisphaeridium succinum, but differs in having processes 

that are considerably thicker than the vesiele wall, which is thin and almost transparent.

O ccurrence. Los Espejos Form ation, low est Ludlow Series, San Juan Province, A rgentina 

(Pôthé de Baldis 1981); raie over the M uch W enlock Lim estone-Lower Elton form ation boundaiy and 

into the Low er Elton Form ation, Pitch Coppice Q uarry and Goggin Road. K nown range: topm ost 

W enlock-loweraiost Ludlow series.

73



CHAPTER 2

G o rg o n is p h a e r id iu m  su c c in u m  Lister 1970 PI. 5, fig. 8 ; PI. 11, figs 9-10.

V* 1970 Gorgonisphaeridium  succinum  sp. nov.; Lister, p. 75, pi. 8, figs 1-4.

1973 M ultiplicisphaeridium  succinum  (Lister 1970); Eisenack et a l ,  p. 805-806.

1978 Gorgonisphaeridium  succinum  Lister 1970; Kiryanov, p. 55, pi. 7, figs 7-9a, b.

1990 Gorgonisphaeridium succinum  L ister 1970; Fensome et a l ,  p. 240 (no fig.).

H o lo typ e .  L ister 1970, pi. 8, fig. 1; Low er Elton Form ation, Ludlow  Series, LD3, P itch 

Coppice Quarry, Ludlow, Shropshire.

Diagnosis. (Lister 1970, p. 75). "Vesicle hollow, spherical, thick-walled (one layer), sm ooth to 

m inutely verrueate; num erous closely spaced processes, less than L 3 o f vesicle d iam eter in length; 

processes appear as solid outgrowths o f vesicle wall, tapering only very slightly distally and branching 

irregularly. Exeystm ent by eryptosuture; no dehiscent specimens have so far been found."

D escrip tion . V esicle ellipsoidal to spherical, th in  to m oderately th ick  w alled, laevigate or 

granulate. Processes numerous, solid, slightly tapering along their length, branching irregularly (up to 

3rd order). Excystment by unornamented rupture.

D im e n sio n s .  V =16-24(tm , P L = 3 .5 -ll( tm , P 0b= O .7-2 |lm , W =0.5-1 .5(tm  (11 specim ens 

measured).

R em a rks . The very thin vesicle and thicker processes o f G. ram osum  separate it from  G. 

succinum. The vesiele of the holotye is laevigate.

Occurrence. Common in the M uch W enlock Lim estone and Low er Elton form ations, Ludlow 

and M illichope areas; rare in the U pper Coalbrookdale, U pper Elton and Low er W hitcliffe form ations, 

m iddle W enlock-Ludlow  series, Ludlow type area, Shropshire (Lister 1970, L ister & D ow nie 1974); 

Silurian, Podolia (Kiryanov 1978); Slite (unit f, marl o f NW ), Slite-Sundre formations, m iddle W enlock- 

Prfdoli series (Le Hérissé 1989); M ueh W enlock Lim estone-Low er Elton form ation boundary. Pitch 

Coppice Quarry and Goggin Road, becom ing less com m on through the Low er Elton Form ation, then 

m ore com m on in the M iddle Elton Form ation (Goggin Road). Known range: Sheinw oodian Stage- 

Prfdolf Series.

G o rg o n is p h a e r id iu m  sp. A PI. 5, fig. 5.

D escrip tion . Vesicle laevigate, subspherical to subtriangular, w ith a single m oderately thiek 

wall. The processes are numerous, straight, solid, long, thin, colum nar w ith sim ple or branched tips. 

Excystm ent mechanism  not observed.

Dimensions. V -18-20(im , PL=2-2.5(tm, P0b=O.2(im, W =l-1.5(lm  (6 specimens m easured).

R em a rks . This species differs from  G. succinum  in being sm aller, w ith a subspherical to 

subtiiangular vesicle and has m uch thinner, columnar processes; the processes o f G. citrinum  are broader 

and shorter.
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O ccurrence. M uch W enlock Lim estone-M iddle Elton Form ation, Pitch Coppice Q uarry and 

Goggin Road.

G orgonisphaeridium  sp. B PI. 5, fig. 9.

D escription. Vesicle ellipsoidal or spherical, w ith a single, m oderately thick wall. Processes 

short, solid, broad based, colum nar or slightly tapering, sim ple or com m only bifurcate, occasionally 

further subdivided.

D im ensions. V=23-28(im , PL=3-8(lm, P0b=1.5-4(lm , W =0.75-l(im , PN=28-37 (3 specim ens 

measmed).

R em arks. This taxon, w hieh has been recovered in only a few samples, has been p laced  in 

Gorgonisphaeridium  because it possesses a single wall, from which solid processes arise.

Occurrence. Very rare, being recovered from  the M uch W enlock Lim estone Form ation, Pitch 

Coppice Quarry and Lower Elton Fonnation, Goggin Road.

Genus Hapsidopalla Playford 1977 
emend. Wicander & Wood 1981

Type Species. By original designation, M icrhystridium  sannem anni D eunff 1957, p. 6 ; p. 13, 

fig. 1; p. 14, figs 5-9; Devonian, l'Amérique du Nord, France.

D iagnosis. (P layford 1977, p. 25). “V esicle hollow, apparently single-layered, originally  

spherical to ellipsoidal; outline circular to subcircular or oval, clearly differentiated from  processes. 

Num erous, ±  evenly spaced, hollow, essentially homomorphic and smooth processes project from  vesicle 

wall and branch distally; tips closed. T hough discrete from  one another, adjacent processes are 

in terconnected proxim ally by m uri that form  a d istinct ±  uniform  reticulum  sculpturing the vesicle 

surface; processes characteristically  pro ject from  junctions o f m uri, never from  lacunae. Lacunae 

typically  triangular to polygonal. In terior o f processes in free com m unication w ith vesicle cavity. 

Excystm ent by splitting o f vesicle wall.”

E m ended  D iagnosis. (W ieander & W ood 1981, p. 42-43). " This genus is em ended here to 

include those forms with rosette-like vesicle sculpture and aeuminate processes."

Rem arks. The vesiele ornament, process nature and method o f excystm ent separate this genus 

from  several others. A m m onid ium  and H elosphaerid ium  do not possess the low ridges that jo in  the 

processes together, and the presence o f a pylome, not a rupture, separates Stelliferidium  Deunff, Gorka & 

Rauscher 1974.

H is to p a lla  P layford in Playford & D ring 1981 is very sim ilar to H a p s id o p a lla  and is 

distinguished by its unbranched, solid processes. Both taxa have vesieles ornamented by low ridges which 

radiate from  the base o f the processes; this could be used to suggest that the difference in process nature 

should be considered o f interspecific, not intergeneric importance.
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H a p s id o p a lla  je a n d e u n f f i i  Le H érissé 1989 Pl. 5, fig. 14; Pl. 11, figs 17-18.

1989 H apsidopalla jeandeunffii n. sp.; Le Hérissé, p. 142-143, pi. 17, figs 5-6.

H olotype. Le Hérissé 1989, pl. 17, figs 5-6; marl o f the Hemse Form ation, Ludfordian Stage, 

Ludlow Series, Gotland.

D iagnosis. (Translated from  Le H érissé 1989, p. 142). "A species o f the genus H apsidopalla  

w ith  a spherical vesicle ornam ented w ith num erous processes, very short, hom om orphic, conical, 

term inating w ith a rosette o f four filam entous spines; the processes are equidistant, linked by crests 

whieh delineate a regular network w ith rosace pattern; the walls have a simple pattern, w ith cylindrical 

section; the processes are hollow and com municate w ith the vesicle eavity; opening type simple split."

D escrip tion . V esicle spherical to ellipsoidal, w ith a single, thin, laevigate wall. Processes 

num erous, evenly spaced over vesicle surface, short, colum nar or slightly tapering w ith expanded bases. 

The tips o f the processes appear capitate under transm itted light, w ith a SEM  they appear capitate or 

branched; branehes short, 2-4 in number, arranged around the tip in a rosette. The bases o f the processes 

are jo ined by low ridges. Excystment by large, unornamented rupture.

Dimensions. V=18-29(im, PL =l-2.5(lm  (12 specimens measured).

Rem arks. H. jeandeunffii appears sim ilar to H istopalla margarita  Le H érissé 1989, which has 

simple, solid, processes whose bases are joined by m ore numerous ridges (10-12 vs' 5-6).

O ccurrence. U pper part o f the M ulde, K linteberg (unit f), Hem se and basal Eke form ations, 

H om erian-L udfordian stages, W enlock-Ludlow  series, G otland (Le H érissé 1989); M uch W enlock 

L im estone-M iddle Elton formation. Pitch Coppice Quarry and Goggin Road, particularly common in the 

M iddle Elton Formation, Goggin Road. Known range: Homerian-Ludfordian stages.

Genus Helosphaeridium Lister 1970

Type Species. By original designation, H elosphaeridium  clavispinulosum  L ister 1970, p. 76, 

pi. 8 , figs 8,12,16, text-figs 18g,27b; Low er Elton Fonnation, Ludlow Series, Ludlow, Shropshire.

D iagnosis. (Lister 1970, p. 76). "Vesicle single-walled, hollow, spherical to ellipsoidal w ith 

ornam ent o f small, num erous, evenly spaced, solid or hollow  processes flaring distally in a claviform  

fashion. Excystm ent by eryptosuture."

Remarks. Processes which expand distally separate this genus from  Lophosphaeridium , which 

has an ornament o f solid tubercles, which are not capitate distally.
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H e lo s p h a e r id iu m  c la v isp in u lo s u m  L ister 1970 PI. 5, fig. 15; PI. 11, fig. 19;

PI. 12, fig. 1.

V *  1970 H elosphaeridium  clavispinulosum  sp. nov.; Lister, p. 76, pi. 8, figs 8, 12, 16, text- 

figs 18g, 27b.

1990 Helosphaeridium  clavispinulosum  L ister 1970; Fensom e et al., p. 246 (no fig.).

H olotype. L ister 1970, pi. 8, fig. 12; M PK  156, L I ; Low er Elton Fonnation, Ludlow  Series, 

Ledbuiy, Herefordshire, UK.

D iagnosis. (L ister 1970, p. 76). "Ellipsoidal, hollow, thin-walled vesicle w ith ornam ent o f

sm all cones or tubes w ith capitate tips. Size o f the ornam ent varies from  1-1.5(1, spacing is variable

from  1.7-3(1, but within a given individual spacing and size are constant. Excystm ent by near-equatorial 

eryptosuture producing hemicysts."

D escrip tion . Vesicle laevigate, ellipsoidal, hollow, w ith a thin, single wall. The vesicle is 

covered w ith an ornam ent o f num erous, short, colum nar processes, that have a sharp contact w ith the 

vesicle. The processes appear solid, m ost have capitate tips, though w ith a SEM  som e are seen to 

possess a rosette arrangem ent o f bumps, w hich appears to be the start o f branching. Excystm ent by 

large, unornamented rupture, which almost divides the vesicle into two equal halves.

Dimensions. V=24-34(lm, PL=1.5(tm (3 specimens measured).

Remarks. This species elosely resem bles H. jeandeunffii, which differs in having processes that 

are jo ined  by low ridges. Specimens reeovered in the present study are sm aller than those recorded by 

Lister (1970) (V = 24-34(tm (herein) compared to VL = 38-58(tm, VW  = 21-35(im)

O ccurrence. Low er-U pper Elton form ations, Ludlow Series, Ludlow and M illichope areas, 

Shropshire (L ister 1970, L ister & D ownie 1974); low er Silurian, R ingerike, Norw ay (Sm elror 1987); 

Silurian, A rgentina (Rubinstein 1993, as H . cf. clavispinulosum)-, very rare from  the  M uch W enlock 

Lim estone and Lower Elton formations, Goggin Road. Known range: Llandovery-Ludlow series.

H e lo s p h a e r id iu m  la tis p in o s u m  L ister 1970 PI. 5, fig. 16.

V *  1970 H elosphaeridium  latispinosum  sp. nov.; Lister, p. 77, pi. 8, figs 15, 18-19, text-fig.

27c.

non. 1973b H elosphaeridium  latispinosum  Lister 1970; Thusu, p. 138, pi. 1, figs 21-23.

1990 H elosphaeridium  latispinosum  Lister 1970, Fensome et al., p. 246 (no fig. ).

H o lo type . L ister 1970, pi. 8 , fig. 19; M PK163, M D 6 ; U pper E lton Form ation, Ludlow  

Series, N W  of Dinchope, Shropshire, UK.

D iagnosis. (L ister 1970, p. 77). "Vesicle hollow , m ore or less ellipsoidal, relatively thin- 

walled. Processes numerous, evenly spaced, uniform, small (c. 0.8(1), parallel sided (c. 0.9(i wide), with 

dilated terminations. Excystm ent by eryptosuture produeing hemicysts."
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Description. Vesicle spherical to ellipsoidal, thin, hollow, covered w ith a dense arrangem ent o f 

short processes. Proeesses appear- solid, with expanded tips; on some well preserved speeimens the tips 

seem  to jo in , giving the appearance o f an outer sheath. Excystm ent by large, unornam ented rupture, 

which alm ost divides the vesicle in two.

Dimensions. V=29-38|J,m, PL=0.25-l|a,m (8 specimens measured).

Remarks. W idth o f proeesses was originally used to separate this speeies from  H elosphaeridium  

p seudod ic tyum , whieh possesses narrow er processes (L ister 1970). As w ith H. pseudodictyum , this 

species closely resembles Percultisphaera stiphrospinata, which differs in possessing a second ornament of 

thin, solid, wiry processes. As their morphologies are so similar, H. pseudodictyum  and H. latispinosum  

could be considered to represent the end m em bers o f an intraspecific variation w ithin a single speeies. 

Exam ples o f P. stiphrospinata  show a similar variation w ith forms possessing both broad and narrow first 

order ornament.

O ccurrence . U pper E lton-L ow er L ein tw ardine form ations, Ludlow  Series, Ludlow  and 

M illiehope areas, Shropshire (L ister 1970, L ister & D ow nie 1974); Silurian, A rgentina (Rubinstein

1993); Coalbrookdale Formation, W enlock Series, Shropshire (Turner er a/. 1995); upper M iddle Elton 

Form ation, Goggin Road. Known range; Sheinwoodian-Ludfordian stages.

H e lo sp h a e r id iu m  p s e u d o d ic ty u m  Lister 1970 PI. 5, fig. 18.

V *  1970 H elosphaeridium  pseudodictyum  Lister, p. 76, 77, pi. 8, figs 9-11, 13, 14, 17, text-figs 

18d, 18e, 27a.

.1973b H elosphaeridium  latispinosum  Lister 1970; Thusu, p. 138, pi. 1, figs 21-23.

1990 Helosphaeridium  pseudodictyum  Lister 1970; Fensome e t a l ,  p. 246 (no fig.).

H o lo ty p e . L ister 1970, pi. 8 , fig. 10, text-fig. 18d; M PK  154; L ow er Elton Form ation, 

Ludlow Series, LD54A, Eaton Lane, Ludlow, Shropshire.

D ia g n o s is . (L ister 1970, p. 76). "V esicle m ore or less ovoid, m oderately thin-w alled; 

ornam ent o f numerous, evenly-spaced, small, parallel-sided outgrowths which Hare distally (as shown in 

Text-fig. 27a), frequently maldng contact with those adjacent. Exeystment by eryptosuture."

D escription. Vesicle thin, hollow, ellipsoidal, rarely spherieal, w ith in a dense arrangem ent o f 

short processes. Processes appear solid, w ith expanded tips; on well preserved specimens the tips seem 

to jo in , giving the appearance o f an outer sheath. Excystm ent by large, unornam ented rupture, which 

alm ost splits the vesicle in two.

Dimensions. V=28-37pm , PL= <0.5|xm (10 specimens measured).

R e m a r k s .  This species is sim ilar to H. la tisp in o su m  and P. s tip h ro sp in a ta  (see H .  

latispinosum -Rsm aiks above).

O ccurrence. W enlock Shales, M illiehope; M uch W enlock L im estone-U pper B ringew ood 

form ations, Ludlow  and M illiehope areas; Low er-U pper L eintw ardine form ations, Ludlow  area, 

Shropshire (Lister 1970); Rochester Form ation, W enloek Series, Ontario (Thusu 1973a); Ilion Shale,
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W enlock Series, N ew  Y ork (Thusu 1973b, as H. latispinosum)-. M uch W enlock L im estone-U pper 

Leintwardine formation, W enloek-Ludlow series, Ludlow (Lister & Downie 1974); Buildwas -W hitcliffe 

form ation, W enloek-Ludlow series, W elsh Borderland (Dom ing 1981a); Los Espejos Form ation, lower 

Ludlow  Series, A rgentina (Pôthé de Baldis 1981); M uch W enlock Lim estone Form ation, W enlock 

Series, Dudley, UK (D om ing 1983); Visby, H ogklint and Slite formations, upper Llandovery-W enlock 

series, G otland (Le H érissé 1989); Silurian, A rgentina (Rubinstein 1993, as H . cf. pseudodictyum )-. 

M uch W enlock Lim estone-M iddle Elton form ation. Pitch Coppice Q uany  and G oggin Road. Known 

range: upper Llandovery-Ludlow series.

H e lo s p h a e r id iu m  sp. A PI. 5, fig. 19.

D e sc r ip tio n .  V esicle e llipsoidal, single walled, covered in an ornam ent o f short, solid, 

projections, that are regularly distributed over the vesicle; under transmitted light these projections appear 

capitate or rounded. Excystment mechanism not observed.

Dimensions. VL=34-39pm , VW =22-26pm , O rnam ent=0.5-1 pm  high (3 specimens measured).

Rem arks. This taxon is separated from  H. pseudodictyum  and H. latispinosum  by its ornam ent 

of fewer, larger, processes.

Occurrence. Uppermost Low er Elton Formation, Goggin Road.

H e lo s p h a e r id iu m  sp. B PI. 5, figs 17, 21.

Description. Vesicle spherical to ellipsoidal, moderately thick walled, laevigate. The vesicle has 

an ornam ent o f apparently solid, short, bulbous, baeulate or capitate processes. Excystm ent structures 

rarely seen, though several specimens show small, unornamented, ruptures.

Dimensions. V =20-27|im , PL=upto 2p.m, W=0.5-1.5p,m (10 specimens measured).

R em arks. The height o f the ornam ent separates this species from  H elosphaerid ium  ? sp. C, 

which possesses an ornament o f shorter capitate processes, spines or grana.

Occurrence. Uppermost M iddle Elton Formation, Goggin Road.

H e lo s p h a e r id iu m  ? sp. C PI. 5, fig. 20.

Description. Vesicle spherical to ellipsoidal, laevigate under transmitted light, laevigate or rarely 

punctate w ith a SEM, thin to m oderately thick walled. The vesicle has a homom orphic or heterom orphie 

ornam ent o f very short capitate processes, spines or grana, which appear solid. Exeystm ent m echanism  

not observed.

Dimensions. V =20-32pm , PL= <0.6p.m, W = 0 .5 -lpm  (9 specimens measured).

Rem arks. In general morphology this taxon closely resem bles H elosphaerid ium  sp. B, which 

differs in  having a thicker wall and ornam ent o f larger, bulbous or capitate processes. This taxon may 

possibly belong in Lophosphaeridium  as it is difficult to clearly ascertain the hue  nature o f the ornament.
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O ccurrence. M uch W enlock Lim estone-M iddle Elton Formation, Goggin Road; particularly 

com m on from  the middle Low er Elton Foim ation.

Genus Hoegidintia Doming 1981a

Type Species. By original designation, Baltisphaeridium  visbyense Eisenack, 1959, p. 200-201, 

pi. 16, figs 12-14, text-fig. 7; Hogklint limestone, W enlock Series, Hogklint, Gotland, Sweden.

D iagnosis. (D om ing 1981a, p. 192). "Vesicle subspherical to subpolygonal in outline, large, 

ill defined from  processes, wall thin, laevigate; three to several processes, thin walled, broad ill defined 

base, distally branched, bifurcate to multifurcate in one to three orders; the distal term ination is sharp to 

som ew hat blunt, often with some darkening o f the process wall at the tip."

Remarks. Vesicle size distinguishes this genus from M ultiplicisphaeridium, which are generally 

sm aller and thicker walled. Both Estiastra  and Polygonium  V avrdova 1966 are similar- in size and general 

appearance, but have generally simple processes.

H o eg id in tia  cf. c o ra ll in a  (E isenack 1959) Le Hérissé 1989 Pl. 6 , fig. 1.

cf 1959 Baltisphaeridium  corallinum  n. sp.; Eisenack, p. 201, pi. 16, figs 15-16.

1965a Baltisphaeridium  corallinum  Eisenack 1959; Eisenack, pi. 24, fig. 7. 

cf 1965a Baltisphaeridium  cf. corallinum-, Eisenack, pi. 24, fig. 8.

cf 1969 M ultiplicisphaeridium  corallinum  (Eisenack 1959); Eisenack, p. 259-260 (no fig.).

1970 M ultiplicisphaeridium  corallinum  (Eisenack 1959) comb, nov.; Lister, p. 88-89, pi.

12, figs 5, 6 , 8 (already validly transferred by Eisenack 1969). 

cf 1989 H ogklintia corallina (Eisenack) n. comb.; Le Hérissé, p. 146-147, pi. 15, figs 1-6.

1990 M ultiplicisphaeridium corallinum  (Eisenack 1959a) Eisenack 1969a; Fensom e e ta l., 

p. 343 (no fig.).

H o lo type . E isenack 1959, pi. 16, fig. 15; preparation E l ,  Gotl. 2 Nr. 10; from  the Slite 

Form ation, W enlock Series, Slite, Gotland.

Diagnosis. (Eisenack 1959, p. 201-ln Ger-man).

Description. Vesicle irregular- or polygonal, hollow, poorly preserved. Processes hollow, open 

to vesicle interior, colum nar or slightly tapering, w ith a charaeteristic ram ified branching. Excystm ent 

m echanism not observed.

Dimensions. V=37-60pm , PL=35-59pm , P 0 b = ll-1 8 p m , PN=6-9 (5 specimens measured).

R em arks. The holotype o f H. corallina  has m ore num erous, shorter processes, though the 

style o f branching is sim ilar to specimens recovered here. Examples recovered from  the W enlock Series 

o f D udley by Eisenack (1965a, 1977) are sim ilar to the material recovered here and to that illushated  by 

L ister (1970). As w ith H . cf. d ig ita ta  (see below ), there appear to be subtle d ifferences betw een 

speeim ens from  the UK and the Baltic; this was also noted by Lister (1970, p. 88). The m aterial from
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the U K  differs from  the type m aterial o f E isenaek (1959) in having fewer, longer, processes and sm aller 

vesicles. For this reason, specimens recovered in the present study have been assigned to H. cf. corallina.

Occurrence. W enloek-Ludlow series, Gotland (Eisenack 1959, 1965a); G otlandian (Silurian), 

A labam a (Cram er 1968b); Silurian, Belgium  (M artin 1967, 1969); Hogklint Form ation, basal W enlock 

Series (C ram er et al. 1979); W enlock Series, Dudley, W est M idlands (Eisenack 1965a, 1977); M uch 

W enlock Lim estone Form ation (W enlock Series), Ludlow and M illiehope areas; Low er Elton Form ation 

(Ludlow Series), Ludlow  area, Shropshire (L ister 1970, L ister & D ow nie 1974); L landovery-low er 

W enlock series, W elsh Borderland (H ill 1974); Jupiter and Gun R iver form ations, m iddle-upper 

L landovery  Series, A ntieosti Island; R ochester Form ation, W enlock Series, N ew  Y ork, O ntario, 

Pennsylvania; Dayton Limestone, upper Llandovery Series, Ohio; Osgood and A lger form ations, upper 

L landovery  Series, Indiana, K entucky, Ohio; Q uoddy Form ation, upper L landovery Series; Red 

M ountain Form ation, upper L landovery Series, G eorgia (Cram er 1970a, C ram er & Diez 1972); upper 

V isby-Eke form ations, low er W enloek-Ludlow  series, Gotland (Le H érissé 1989); M uch W enlock 

L im estone-Low er Elton form ation, Piteh Coppiee Quarry and Goggin Road. Known range: m iddle 

Llandovery-Ludlow series.

H o eg id in tia  cf. d ig ita ta  (E isenack 1938) D om ing 1981a PI. 6 , fig. 2.

cf 1938 H ystrichosphaeridium  digitatum  n. sp.; Eisenack, p. 20, 22, pi. 4, figs 3-5, text-fig. 7.

non. 1958 H . cf. digitatum  Eisenack, 1938; Downie, p. 337-338, pi. 16, fig. 9, text-fig. 2c.

cf 1959 Baltisphaeridium  digitatum  (Eisenack 1938)', Eisenack, p. 200, pi. 16, figs 10-11.

cfp 1965a Baltisphaeridium  visbyense Eisenack 1959\ Eisenack, p. 262-263, pi. 21, fig. 5 (only),

cf 1969 M ultiplicisphaeridium  digitatum  (Eisenack 1938); Eisenack, p. 259 (no fig.).

1970 M ultiplicisphaeridium  visbyense  (Eisenack 1959) comb, nov.; Lister, p. 95-96, pi. 12, 

fig. 7.

cf 1970 M ultiplicisphaeridium  radicosum n. sp.-, Loeblich Jr., p. 730, figs 23A-E.

p. 1977 M ultiplicisphaeridium  digitatum  (Eisenack 1938); Eisenack, p. 32, figs 21-22 (only),

cf 1981a H ogklintia digitata n. conxh.-. Dom ing, p. 192 (no fig.).

cf 1985 H ogklintia radicosum-, Jacobson & Achab, p. 183.

cf 1989 H ogklintia digitata  (Eisenack) n. comb.; Le Hérissé, p. 147, pi. 15, figs 7, 9, 10

(combination already validly published by Doming 1981a). 

cf 1990 Hoegidintia digitata  (Eisenack 1938a) D om ing 1981a; Fensom e e t a l ,  p. 248 (no

fig.).

H olo type . E isenaek 1938, pi. 4, fig. 3; from  the Baltic Silurian. H olotype lost (E isenaek 

1959, p. 200), neotype designated (Eisenaek 1959, p. 200, pi. 16, fig. 11. Baltisphaeridium  digitatum)-, 

preparation E l ,  F I , 1 Nr.4; Lyckholm er Stage (F I), upper Ordovician, Pastorat Haggers (Haggeri), 

Estonia.

Diagnosis. (Eisenack 1959, p. 200-ln German).
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D escrip tion . V esicle hollow , irregular, ellipsoidal or polygonal. Processes hollow , open to 

vesicle interior, distinet from  vesicle, tapering to simple, rounded, or, m ore com m only, branched tips 

(ls t-2nd  order). Exeystment mechanism not observed.

Dimensions. V=27-58|Xm, PL=48-66|am, P0b=8-18|o,m, PN=6-11 (7 specimens measured).

R em a rks . The B altic holotype and neotype o f H. d ig ita ta  (E isenack 1938, pi. 4, fig. 3; 

Eisenack 1959, pi. 16, fig. 11) have shorter, broader based, processes, with longer branches, which appear 

m ore stunted than specim ens from  the U K  (this study. L ister 1970, E isenack 1977). As w ith H . cf. 

cora llina  (see above), there is a possibility that British speeimens should be placed w ithin a separate 

species to those from  the Baltie, which appear subtly different. The type material o f E isenaek (1959) has 

larger vesicles and m ore numerous processes. Specimens recovered herein have, however, been assigned 

to H. ef. digitata  as they are sim ilar to one form  illustrated by Eisenack (1965a, pi. 21, fig. 5), from  the 

H ogklint Lim estone of Gotland.

H. digitata  is sim ilar to several other large acritarclis, E. granulata  has simple proeesses; H. 

corallina  has more complexly branched processes; Hoegidintia visbyensis (Eisenack 1959) D om ing 1981 

has an overall triangular shape and the processes o f H oegklintia ancyrea (Cram er & Diez 1972) D om ing 

1981a are always distinct from the vesicle.

O ceurrenee. S ilurian , E ston ia  (E isenack  1938); V isby, H ogklin t F orm ations, upper 

L landovery-W enlock series, G otland (E isenaek 1938, 1962, 1965a, b); B altic, upper O rdovician 

(E isenack 1959); W enlock Series, England (Downie 1953, 1963; Eisenack 1977); Silurian, Belgium  

(M artin 1967, 1969); Gotlandian (Silurian), A labam a (Cram er 1968b); m iddle-upper Silurian, N  Spain 

(C ram er & D iez 1968); Ludlow Series-G edinnian Stage, NW  Spain (Cram er 1969b); upper A renig 

Series, Ordovician and Ordovician erratics, Poland (Gdrka 1969); M uch W enlock Lim estone-Lower Elton 

form ations, Ludlow , Shropshire (L ister 1970); m iddle O rdovieian, borehole  m ateria l, G otland 

(K jellstrom  1971); A shgill Series, O rdovician, O klahom a (Loeblich Jr. 1970, as M. radicosum)-, 

upperm ost Red M ountain Form ation, upper Llandovery Series, Georgia and Alabam a; Gun R iver and 

Jupiter form ations, m iddle-upper Llandovery Series, A ntieosti Island; Roehester Form ation, W enlock 

Series, New York, O ntario, Pennsylvania; O sgood and A lger form ations, upper L landovery Series, 

Indiana, Kentueky, Ohio; Crab Orehard Form ation, upper Llandovery Series, Kentucky; D ayton and 

L aurel lim estones, upper L landovery Series, Ohio; R ose H ill Form ation, upper L landovery Series, 

Pennsylvania (Cramer 1970a, Cramer & Diez 1972); Llandovery-lower W enlock series, W elsh Borderland 

(Hill 1974); Caradoc Series, Ordovician, Canada (M artin 1983, as M. radicosum)-, Llandovery-m iddle 

W enlock series, W elsh B orderland (D om ing 1981a); A shgill Series, O rdovician, A nticosti Island 

(Jacobson & A chab 1985, as H. radicosa)-, low er S ilurian, R ingerike, N orw ay (Sm elror 1987); 

O rdovician-Silurian boundary, Visby, Slite, M ulde and Burgsvik formations, Ordovician-Ludlow Series, 

Silurian, Gotland (Le Hérissé 1989); M uch W enlock Lim estone-Lower Elton formation. Pitch Coppice 

Quarry and Goggin Road. Known range: Arenig Series-Gedinnian Stage.
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Genus Leiofusa Eisenack 1938 emend. Eisenack 1965b 
emend. Combaz, Lange & Pansart 1967 emend. Cramer 1970a

Type Species. By original designation, Ovum hispidum fusiform is  Eisenack 1934, p. 65-66, pi. 

4, fig. 19; probably O rdovician erratic lim estone (inc. graptolites), Baltic region. H olotype lost 

(E isenack et a l ,  1976, p. 365).

Diagnosis. (Cram er 1970a, p. 71). "Vesicle hollow, fusiform with sim ple pointed processes at 

each pole. Processes varying in length from  less than one tenth to as m ueh as 5 times the length o f the 

body. V esic le  w all unilayered, psila te  to m icrogranulate. Sculptural elem ents not arranged in 

longitudinal rows. The long axis o f the vesiele eoincides w ith the longitudinal vesicles sym m etry axis. 

V esicle sym m etry longitudinal, holom orphic. Longitudinal axis straight or essentially  so. Pylom e 

circular, slit shaped, or formed by equatorial splitting."

Rem arks. This genus is sim ilar to Eupoikilofusa, Poikilofusa  and D actylo fusa  in possessing a 

fusiform  vesicle. It is the ornament on the vesicle that separates the four genera. Leiofusids are generally 

laevigate, poikilofusids have a random ly arranged ornam ent o f short processes, dactylofusids have a 

ornam ent o f short processes in longitudinal rows and eupoildlofusids are usually striate.

L e io fu sa  e s tre c h a  C ram er 1964a PI. 4, fig. 7.

1964a Leiofusa estrecha  n. sp.; Cramer, p. 36, figs 8, 11.

1964b Leiofusa elenae n. sp.-, Cramer, p. 323, text-fig. 33:12.

1965 Leiofusa communis-, Brito & Santos, p. 9, pi. 1, fig. 10 (according to Cram er 1970a, p. 77; 

E isenack e t a l  1976, p. 353, 359; junior synonym of Leiofusa fusiform is  Eisenack 1934 

according to M oreau-Benoît 1974, p. 128).

1990 Leiofusa estrecha  C ram er 1964a; Fensom e et a l ,  p. 263 (no fig.).

H olo type . C ram er 1964a, fig. 11; probably low er Gedinnian Stage, O blanca, C antabric 

M ountains, Leon, NW  Spain.

D iagnosis. (Cram er 1964a, p. 36). "Species o f Leiofusa  w ith hollow  body having form  of a 

thick needle, there is a gradual transition from  the test to the spines at each pole. The wall is psilate, 

consists o f one layer and is not transparent. The spines at the poles are usually broken."

D escrip tion . W all thin and sem i-transparent or moderately thiek; vesiele hollow, laevigate, 

elongate, fusiform , w ith tw o po lar processes. Processes laevigate, tapering, s tra ight or flexuous, 

com m only broken, sim ple, hollow , open to vesicle; rarely distinct from  the vesicle. E xcystm ent 

mechanism  not observed.

D im ensions. VL=124-175|i.m, V W =23-32pm , PL=116-126|J,m (often broken) (7 speeim ens 

measured).

Rem arks. The speeies L. communis and L. elenae  have been considered jun io r synonym s by 

Cram er (1970a, p. 77) and Le Hérissé (1989, p. 149-150) respectively, though the form er has also been
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regarded as a jun io r synonym  o f Leiofusa fusiform is  Eisenack 1934 by M oreau-Benoît (1974, p. 128). 

Leiofusa  tanaocyta  Loeblich Jr. 1970 is also very sim ilar to this speeies, but appears to have shorter 

proeesses, though the two taxa may be synonymous.

O ccurrence. Upperm ost Form igoso Form ation (Llandovery-W enlock series) and San Pedro 

Form ation, Ludlow  Series, S ilurian-low er Gedinnian Stage, NW  Spain (Cram er 1964 a & b, 1966b, 

1969b); Silurian, A labam a (Cram er 1968b); Low er Devonian, Brazil (Brito 1967, B rito & Santos 

1965); Llandovery-lower Ludlow Series, USA (Cram er & Diez 1972); Silurian, France (M oreau-Benoît

1969); Llanvirn Series, m iddle Ordovician, B ritain (Paris & D eunff 1970); Silurian-Devonian, Germany 

(Eisenack 1971); subsurface Florida (Llandovery-Piidolf series); Red M ountain Formation, low er-upper 

L landovery Series; St. C lair Formation, upper Llandovery-lower Ludlow series (C ram er 1970a, Cram er 

& Diez 1972); Ilion Shale, W enloek Series, New Y ork (Thusu 1973b); Llandovery Series-G edinnian 

Stage, Sahara (Jardiné & Yapaudjian 1968); Tanezzuft and Acacus formations, W enloek-Ludlow series, 

Libya (Richardson & loannides 1973); ?upper Ordovician-Gedinnian Stage, A lgeria (Jardiné e ta l. 1974); 

upper Ordovician-Silurian (M oreau-Benoît 1974); Ordovician (post Arenig Series) and Silurian-Devonian, 

France (Rauscher 1973); upper Llandovery Series, Canada (Achab 1976); Los Espejos Formation, lower 

Ludlow Series, Argentina (Pothé de Baldis 1981); Leintwardine-W hitcliffe groups, Ludlow Series, W elsh 

Borderland (D om ing 1981a); upper Ordovician-low er Silurian, A nticosti Island (D uffield &  L egault 

1981); Haragan Formation, Low er Devonian, Oklahoma (W icander 1986); L landovery-W enloek series, 

G otland (Le Hérissé 1989); upper W enloek Series, W enloek type area (Swire 1993); Coalbrookdale 

Form ation, W enlock Series, Shropshire (Turner e t al. 1995, as cf. estrecha)', rare in the Low er Elton 

Form ation, Goggin Road. Known range: post Arenig Series-Lower Devonian.

L e io fu sa  p a rv i ta t is  Loeblieh  Jr. 1970 PI. 6 , fig. 9.

1970 Leiofusa parvitatis n. sp.; Loeblieh Jr., p. 724-725, figs 18F-G.

1990 Leiofusa parvitatis  Loeblich Jr. 1970a; Fensom e et a l ,  p. 264 (no fig.).

H olotype. Loeblich Jr. 1970, fig. 18G, paratype, fig. 18F; holotype 69-152(2) 32.7-109.2, 

paratype 69-150(6) 39.2-98; M aplewood Formation, upper Llandovery Series, access road to Rochester 

Gas & E lechic Corporation plant, Genesee River, Rochester, New York, USA.

D iagnosis. (Loeblieh Jr. 1970, p. 724-725). "Central body fusiform  in outline, w ith a long 

hollow  process at each pole, processes beeom e solid near the distal end; wall smooth, less than Ip, in 

thickness; on one specim en (fig. 18F) a small subcircular portion o f the wall is broken out but remains 

attached; this may be the operculum covering the pylome."

D escrip tion . V esiele elongate, fusiform , thin, laevigate, hollow , w ith tw o polar processes. 

Processes long, slender, laevigate, hollow , open to vesicle interior, flexuous, displaying an indistinct 

contact w ith the vesiele. Excystm ent meehanism  not observed.

Dimensions. V L=19-35.5pm , VW =6-12pm , PL=29-49pm  (10 speeimens measured).
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Rem arks. This species elosely resem bles Leiofusa tumida, but differs in having an elongate 

vesicle w ith processes that have no distinct bases.

Occurrence. M aplew ood Form ation, upper Llandovery Series, New Y ork (Loeblieh Jr. 1970); 

M uch W enlock Lim estone Form ation, W enloek Series, Dudley, UK (D om ing 1983); m iddle-upper 

Llandovery Series, Llandovery type area (Hill & Dom ing 1984); upper Llandovery-lower W enlock series, 

W enlock type area (M abillard & Aldridge 1985); upper Llandovery Series, Libya (Hill & M olyneux

1988); upper L landovery-upper Ludlow  series (? P rldo ll Series), G otland (Le H érissé  1989); 

Coalbrookdale Formation, W enlock Series, Shropshire (Turner e ta l.  1995); M uch W enlock Limestone- 

M iddle Elton form ations. Pitch Coppice Quarry and Goggin Road. Known range: upper Llandovery- 

Ludlow (?Piidolf) series.

Genus Leiosphaeridia Eisenack 1958a emend. 
Downie & Sarjeant 1963 emend. Turner 1984

Type Species. By original designation, Leiosphaeridia haltica  Eisenaek 1958a, p. 8, pi. 2, fig. 

5; erratie pebble, B altic region, Ostsee-K alk, approxim ately Lyckholm  Stage, A shgill Series, upper 

Ordovician.

D iagnosis. (Turner 1984, p. 116). "Spherical to ellipsoidal bodies w ithout processes, often 

collapsed or folded, with or w ithout pylomes. W alls granular, or unornam ented, thin or thick, w ithout 

divisions into fields and transverse or longitudinal furrows or girdles."

Rem arks. No attem pt was m ade to speciate speeimens o f Leiosphaerid ia  found in this study. 

They were, however, divided into eight groups on vesicle size (<46|0.m, 46-85|am, 85-132pm , 132|im +) 

and w all thickness (<3|0.m, >3|im ). A  com prehensive list o f genera that are, or have been, considered 

jun io r synonyms of this taxon can be found in Fensom e e t al. (1990, p. 271-272).

Genus Leptobrachion Doming 1981a

Type Species. By original designation, Baltisphaeridium  arbusculiferum  Downie 1963, p. 644, 

pi. 91, fig. 5, text-fig . 3d; sam ple W S/4b, W enloek Shales, T ickhill [jt'c = T ickw ood] B eds, 

Coalbrookdale Formation, W enlock Series, W enlock Edge, Shropshire.

D iagnosis. (Dom ing 1981a, p. 193). "Vesicle subspherieal, double walled; inner wall thiek, 

outer w all thin and continuous w ith processes; processes few to several thin, tapering, som e or all 

branching up to fifth order, proeesses often preserved flattened. Excystm ent by a straight split in  the 

vesicle wall."

Remarks. Exeystm ent m echanism, wall structure and process nature were used to separate this 

genus from  other sim ilar genera (D om ing 1981a, p. 193). Baltisphaerid ium  have pylom es and rarely 

branched processes; M ultiplicisphaeridium  are single walled; Oppilatala have processes that are plugged 

proxim ally and Eisenackidium  have generally simple processes.
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L e p to b ra c h io n  a rb u s c u li fe ru m  (Downie 1963) D om ing 1981a PI. 6 , fig. 4.

V *  1963 Baltisphaeridium  arbusculiferum sp. nov.\ Downie, p. 644, pi. 91, fig. 5, text-fig. 3d.

1965 M ultiplicisphaeridium  arbusculiferum  (Downie) comb, nov.; Staplin e ta l. p. 181. 

v*p. 1970 Baltisphaeridium  dubitum  sp. nov.; Lister, p. 59, pi. 3, fig 5, text-fig. 20a (only),

non. 1970 Multiplicisphaeridium  arbusculiferum  (Downie 1963) Staplin, Jansonius & Pocock

1965; Lister, 1970, pi. 10, fig. 14-17, 19, pi. 11, figs 1-2. 

non. 1973 Multiplicisphaeridium arbusculiferum  (Downie 1963); E isenack e ta l ,  p. 525-527.

1973 M ultiplicisphaeridium  dubitum  (Lister 1970); Eisenack e ta l ,  p. 613-614.

1974 Peteinosphaeridium  arbusculiferum  (Downie 1963); Piskun, pi. 12, figs 6,7.

1981a Leptobrachion arbusculiferum n. comb.'. Doming, p. 193 (no fig.).

1990 Leptobrachion arbusculiferum  (Downie 1963) Doming, 1981a; Fensom e et a l ,  p. 290

(no fig.).

H olotype. D ownie 1963, pi. 91, fig. 5; slide 2, position, 010.560; W S/4b, W enlock Shales, 

T ickhill [^ic =  Tickwood] Beds, Coalbrookdale Formation, W enlock Series, near Eaton Church, W enlock 

Edge, Shropshire.

D iagnosis. (Downie 1963, p. 644). "Test subspherical to subpolygonal, processes long broad 

tapering, forldng irregular at a m oderate angle, branches often long and broad; forking usually bifurcate 

up to fourth order."

Description. An apparently double walled acritarch, with a spherieal, moderately thick, laevigate 

wall. Processes thin, alm ost transparent, circular in cross section, hollow, closed to vesicle interior, 

colum nar or tapering, sim ple or m ore commonly branched to 3rd order. Excystm ent m echanism  not 

observed.

D im ensions. V=14-22p,m, PL=16-22|J,m, P 0b-1 .5-3p .m , PN=7-12, W=O.5-l|0,m (8 speeim ens 

measured).

Rem arks. The holotype o f this taxon appears to possess two walls, w ith a thieker vesicle and 

thinner, alm ost transparent processes. Several authors have assigned morphologically sim ilar acritarchs, 

w ith a single w all, to this speeies; som e of these should be assigned to M u lt ip lic isp h a e r id iu m  

a r b u s c u lu m .  Only a single specim en from  those exam ples illustra ted  as B. dub itum  and M . 

arbusculiferum  by Lister (1970) is clearly assignable to L. arbusculiferum, the others being eonsidered to 

be assignable to the following taxa:

B. dubitum , pi. 3, figs 1, ?4 & text-fig. 17n, 7191 = Leptobrachion  sp. A.

M. arbusculiferum , pi. 10, figs 14, 15 = M. arbusculum', pi. 10, fig. 19 = L eptobrach ion  sp; 

pi. 11, figs 1-2 = M. arbusculum', pi. 10, figs 16, 17 = M ultiplicisphaeridium  arbusculum  var. A.

Occurrence. Coalbrookdale Form ation, W enloek Series, W enlock Edge, Shropshire (Downie 

1963); M ueh W enlock L im estone-M iddle Elton form ations, W enloek-Ludlow  Series, Ludlow  and 

M illiehope areas, Shropshire (Lister 1970, B. dubitum)', Coalbrookdale Form ation-Elton Group, middle
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W enlock-low er Ludlow  series, W elsh B orderland (D om ing 1981a); M uch W enlock L im estone 

Form ation, W enlock Series, Dudley, UK (Dom ing 1983); Slite-Eke foim ations, W enloek-Ludlow series, 

G otland (Le Hérissé 1989); M uch W enlock Lim estone-Lower Elton form ation boundary. Pitch Coppice 

Quarry and Goggin Road, beeom ing rarer in the Low er Elton Formation, with a single occurrence in the 

M iddle Elton Formation (Goggin Road). Known range: W enloek-Ludlow series.

L e p to b r a c h io n  d ig i ta tu m  sp. nov. PI. 6 , fig. 5; PI. 12, fig. 2.

vp. 1970 Baltisphaeridium  sp. nov.; Lister, p. 59, pi. 2, figs 14, ?16 (only).

Nam e. Species name digitatum , after the latin digitus =  finger, refering to the finger-like nature 

o f the processes.

H olotype. PI. 6 , fig. 5, T R E N C H l/ll-A  (l)-N 40/4 , from  the Low er Elton Form ation, Goggin 

Road, M ortim er Forest, Ludlow.

D ia g n o s is .  A n apparently  double w alled acritarch, possessing a laevigate, spherical to 

ellipsoidal, thin or m ore com monly, m oderately thick walled vesicle. Processes hollow, laevigate, thin, 

alm ost transparent, closed to vesicle interior; m ost processes taper to sim ple tips, though some, whieh 

tend to be m uch broader, have characteristic  b ifu rcate  or trifurcate branching. E xcystm ent by 

unornamented rupture.

D im ensions . V=15-27|am , PL=12-19.5|0.m, P0b=1.5-7.6|O,m, PN =6-16, W =0.25-lp ,m  (10 

specimens measured).

Rem arks. This speeies differs from  L. arbusculiferum  in possessing m ainly simple processes, 

having only a few w ith characteristic bifurcate or trifurcate branching, w hereas the branching o f L. 

arbusculiferum  tends to be ramified. Leptobrachion m alvernia  D om ing 1981a, from  the Coalbrookdale 

Form ation (W enlock Series, Herefordshire), has sim ilar processes which differ in having a  m ore com plex 

multifurcate style o f branching (up to fifth order).

Occurrence. Low er Elton formation, Ludlow Series, Ludlow, Shropshire (Lister 1970); M ueh 

W enlock limestone-Lower Elton formation boundary (Pitch Coppice Quarry and Goggin Road), becom ing 

rarer through the Low er Elton Formation, w ith rare occurrences in the M iddle Elton Form ation. Known 

range: upperm ost Homerian-lower Gorstian stages.

L e p to b r a c h io n  sp. A  PI. 6 , fig. 3.

vp. 1970 Baltisphaeridium  dubitum  sp. nov.; Lister, pi. 3, figs 1, ?4, text-fig. 17n, 7191 (only).

Description. A n apparently double walled acritarch, vesicle spherical to ellipsoidal, moderately 

thick walled, laevigate. Processes thin, alm ost transparent, hollow, closed to vesicle interior, long and 

slender, tapering to simple or branched tips; branching o f 1st order. E xcystm ent by unornam ented 

rupture.
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Dimensions. V=14-22p,in, PL=19-32|J,m, P0b=l-6|J,m , PN =6-8 (10 specimens measured).

Rem arks. This species differs from L. arbusculiferum  in having generally few er processes that 

are longer and m ore sim ply branched; L. d igitatum  sp. nov. has generally m ore num erous, shorter, 

processes which may have characteristie bifurcate or trifurcate branching.

Occurrence. Low er Elton-U pper Elton formations, Ludlow Series, Ludlow, Shropshire (Lister 

1970); M uch W enlock Lim estone-Lower Elton formation boundary (Pitch Coppice Quarry and Goggin 

Road), rare in the Low er and M iddle Elton formations o f Goggin Road. Known range: upper Homerian- 

low er Gorstian stages.

L e p to b r a c h io n  sp. B PI. 6 , fig. 8 .

Description. An apparently double walled acritarch; vesicle ellipsoidal, laevigate, m oderately 

thiek w alled w ith thin, almost transparent processes. Processes hollow, laevigate, tapering, with tips that 

branch to 2nd or 3rd order or are bifurcate. Exeystment mechanism not observed.

Dimensions. V =ll-18|0.m , PL=6-18|im , P0b= L 5-3 .5pm , PN =6-8 (6 specimens m easured).

R e m a rks .  In  general appearance this taxon elosely resem bles L. arbuscu liferum , but is 

distinguished by its smaller overall size.

Occurrence. Rare in the M iddle Elton Formation, Goggin Road.

L e p to b r a c h io n  sp. C PI. 6 , fig. 7.

D escrip tion . An apparently double w alled acritarch. Vesicle ellipsoidal, m oderately thick 

walled, granulate. Processes thin, alm ost transparent, hollow, tapering or colum nar, cylindrical w ith 

m ultifurcate tips. Excystm ent mechanism  not observed.

Dimensions. V=21 x 24|a,m, PL=8p,m, P0b=4.5|O.m, PN=10 (1 specimen measured).

R em arks . This taxon is very distinetive and the granulate vesicle, w ith broad, eylindrical, 

m ultifurcate processes, distinguishes it from any other species of Leptobrachion  recovered in this study.

Occurrence. From a single sample. Low er E lton Formation, Piteh Coppice Quarry.

Genus Lophosphaeridium Timofeev 1959 
ex Downie 1963 emend. Lister 1970

Type Species. By original designation, Lophosphaeridium  rarum  Tim ofeev 1959, p. 29, pi. 2, 

fig. 5; from  the lower Ordovician, Russia.

D ia g n o s is . (L ister 1970, p. 61). "V esicle hollow , single-w alled w ith ornam ent o f solid 

tubercles. Excystm ent is by eryptosuture."

Rem arks. This genus is very sim ilar to H elosphaeridium  (capitate or bulbous projections) and 

Buedingiisphaeridium  (see Buedingiisphaeridium-Rcmaiks above).
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L o p h o s p h a e r id iu m  sp. A  PI, 6 , fig. 10.

D e scrip tio n .  V esicle spherical, sem i-transparent, yellow -orange in  colour, w ith a dense 

ornam ent o f solid grana. Exeystm ent by unornamented rupture.

Dimensions. V=24-30pm , W =0.5-l|am  (4 specimens measured).

Rem arks. It was decided to retain this speeies in open nomenelature as it w ould be difficult to 

distinguish it from  the numerous, other speeies o f Lophosphaerid ium  described (73 in Fensom e et al. 

1990).

Occurrence. M uch W enlock Limestone-Lower Elton formation boundary. Pitch Coppice Quarry 

and Goggin Road.

Genus Micrhystridium Deflandre 1937 emend. Sarjeant & Stancliffe 1994

1965 Solisphaeridium  Staplin, Jansonius & Pocock, p. 183-184 

1974 Exilisphaeridium  Wicander, p. 24.

Type Species. By original designation, M icrhystridium  inconspicuum  Deflandre 1935, p. 233, 

pi. 9, figs 11-12; U pper Cretaceous, France.

D iagnosis. (Saijeant & Stancliffe 1994, p. 12). 'A critarehs w ith a spherical, oval to rounded- 

subpolygonal vesicle whose outline in optical section is not significantly m odified by the bases o f  the 

spines. Vesicle size small, generally less than 20 pm ; larger species very rarely range above 27 pm  in 

diameter. E ilym a typically single-layered, rarely two-layered. Surface psilate to granulate or w ith other 

fine m icrostructure, but not divided into fields or plates. A rising from  the vesiele, generally at right 

angles to the eilyma, are from  9 to 35 spines w ith closed tips, usually sim ple but rarely elavate. The 

spines m ay flare som ewhat at their bases. Spines hollow  to solid; if hollow, their central cavity may or 

m ay not com m unicate w ith that o f the vesiele. A  few spines may exhibit distal bifurcations or have 

small holes in their m id section. The spine length ean range from ea. 1.5 pm  to greater than the vesiele 

diam eter. Release o f vesicle contents occurs by form ation o f a linear slit or a eresentic to horseshoe­

shaped opening (epityche) or by opening o f a eryptosuture, eausing loss o f an irregularly shaped portion 

o f one surface: regularly formed eireulai- to polygonal openings (pylomes) are not developed."

Remarks. The diagnosis of M icrhystridium  has been revised by m any authors (see Sarjeant and 

Stancliffe 1994, p. 12), and num erous have been considered synonymous (see Eisenack e t al. 1979a, 

Sarjeant & Stancliffe 1994).

M any of the genera listed as synonymous do not truly conform to the latest em ended diagnosis. 

For exam ple Ecm elostoiba  W icander 1974 has too few proeesses; the type species has 5-7, whereas the 

present diagnosis stipulates 9-35. The vesicle diameters o f the type species o f several other genera listed 

exceed the general maxim um  of 20p  stated in the diagnosis, though it was noted that the vesicle diam eter 

can rarely exceed 27pm. Genera like Ephelopalla  W ieander 1974 (V = 29-42pm ) and Pustulisphaeridium  

W icander 1974 (V = 35-40pm ) are clearly outside the present diagnosis o f M icrhystridium. O ther genera.
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Ecthymabrachion W icander 1974 (V = 28-32pm) and Uncinisphaem  W icander 1974 (V = 22-30pm), eould 

possibly be included in M icrhystridium . Only Exilisphaeridium  W icander 1974 (V = 21pm ), which was 

a lso in c lu d ed  in  synonym y w ith  D o r s e n n id iu m  (S arjean t & S tane liffe  1994, p. 39), and 

G uttatisphaeridium  W ieander 1974 (V = 21-27pm ) fall within the m axim um  accepted size range. The 

genera Ephelopalla  W ieander 1974, Guttatisphaeridium  and Pustulisphaeridium  W icander 1974 also have 

w hat were described as having secondary deposits, w hieh either partly or com pletely constricted the 

processes. W ithout exam ination o f the holotypes, the true nature o f these deposits is unknown; for these 

reasons only Exilisphaeridium  and Solisphaeridium  are included in synonymy.

Several genera o f very small Cretaceous acritarchs, erected on the basis o f SEM  w ork (Habib & 

Knapp 1982), were lowered in rank and considered subgenera o f M icrhystridium  by Sarjeant & Stancliffe 

(1994, p. 12-14). As these genera were deseribed using a SEM  , not a light microscope, it was considered 

that the "preferable taxonom ic procedure is to give such taxa the status o f subgenera" (Sarjeant & 

Stancliffe 1994, p. 11).

M ic r h y s tr id iu m  in fla tu m  (Downie 1959) L ister 1970 PI. 6 , figs 13-14.

V *  1959 M icrhystridium  stellatum  var. inflatum  var. nov.; Downie, p. 61, pi. 11, fig. 12.

1963 Baltisphaeridium  longispinosum  (Eisenack) var. parvum  var. nov.; Downie, p. 639, 

pi. 91, fig. 2.

p. 1970 M icrhystridium  inflatum  Dov/nie 1959 exnenà.\ Lister, p. 79-80, pi. 10, figs 2-4,6;

text-fig. 19a (only).

1979a M icrhystridium  stellatum  inflatum  Downie 1959; Eisenack et a l ,  p. 507.

1990 M icrhystridium  stellatum  var. inflatum  Downie 1963; Fensom e et a l ,  p. 333 (no

fig.).

1994 D orsennidium  inflatum  (Downie 1959 emend Lister 1970) comb, nov.; Sarjeant & 

Stancliffe, p. 40 (no fig.).

H olo type. Downie 1959, pi. 11, fig. 12; M ik(P) 14002; W enlock Shales (=Coalbrookdale 

Formation), W enlock Series, W enlock Edge, Shropshire.

D iagnosis. (L ister 1970, p. 79). "Vesicle hollow, subspherical to polygonal, smooth, single­

walled; vesicle diam eter 14-35p,; processes smooth, slender, flexuous, tapering to a fine point, equal to or 

greater than the vesicle diam eter in length. Excystm ent by eryptosuture, apical or near-equatorial in 

position."

D escription. Vesicle spherieal to ellipsoidal, laevigate under transm itted light, bearing several 

long, slender, straight or flexuous processes. Processes sim ple, hollow , open to vesicle interior. 

Excystm ent by unornamented rupture.

Dimensions. V=15-23(tm, PL=16-39|tm , P0b= 1.5-3 |tm , PN=6-9 (16 specimens measured). 

R em arks. Sarjeant & Stancliffe (1994, p. 40) hansferred this species from  M icrhystrid ium  to 

D orsenn id ium  on the basis that "the small num ber o f spines dictates the polygonal body shape." The
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holotype (Downie 1959, pi. 11, fig. 12), however, clearly has a spherical vesicle. This species does not 

belong in D orsennid ium  and also has too few processes (6-9 not 9-35) to be plaeed in  M icrhystrid ium  

under the present diagnosis. It has been included in this genus, however, beeause o f its spherical- 

ellipsoidal vesicle.

M. inflatum  is m orphologically akin to several other taxa, which may represent a m orphological 

continuum  o f a single species (see D. formosum-R&mavks above), and is distinguished by its spherical- 

ellipso idal vesie le  (D. fo rm o su m  = triangular, D. rhom boidium  = rhom boidal, D. p en tagona le  = 

polygonal).

Occurrence. Buildwas and Coalbrookdale formations, W enlock Edge, Shropshire (Downie 1959, 

1963); Visby M arl, W enlock Series, Gotland (Eisenack 1965a); Low er Devonian, Brazil (Brito 1965, 

1967); Llandovery-basal W enlock series (M artin 1966b, 1967); Lower Devonian, France (M oreau Benoît 

1967); Ludlow Series, Ludlow  and M illiehope, Shropshire (Lister 1970); M uch W enlock Lim estone- 

D ow nton C astle Sandstone form ations, W enlock-Prfdolf series, Ludlow  (L ister & D ow nie 1974); 

Llandovery-low er W enlock series, L landovery type area and W elsh B orderland (Hill 1974); Siegenian 

Stage, B elgium  (Vanguestaine 1979); M ueh W enloek Lim estone Form ation, D udley, U K  (D om ing 

1983); middle Llandovery Series, Llandovery type area (Hill & Dom ing 1984); upper Llandovery-lower 

W enlock series, W enlock type area (M abillard & Aldridge 1985); middle W enlock Series, Cheviot Hills, 

N E England (Barron 1989); Visby, Slite, M ulde and Eke formations, Llandovery-Ludlow  series, Gotland 

(Le H érissé 1989); Coalbrookdale Form ation, W enlock Series, Shropshire (Turner et al. 1995); M ueh 

W enloek Lim estone-M iddle Elton form ation, Piteh Coppice Quarry and G oggin Road. Known range: 

Llandovery Series-Lower Devonian.

M ic rh y s tr id iu m  in to n s u ra n s  (L ister 1970) D om ing 1981a PI. 6 , fig. 12; PI. 12,

Gg. 7.

1970 M icrhystridium  stellatum  var. intonsurans var. nov.; Lister, p. 82-83, pi. 9, figs 18-20; pi. 10, 

fig. 1, text-fig. 24a.

1981a M icrhystridium  intonsurans  n. stat.; Dom ing, p. 194 (no fig.).

1990 M icrhystridium  intonsurans (Lister 1970) Doming, 1981; Fensom e et al., p. 324 (no fig.).

1994 M ultiplicisphaeridium  intonsurans (Lister 1970) eomb. nov.; Sarjeant & Staneliffe, p. 32 (no

fig-)-

H olo type . L ister 1970, pi. 9, fig. 18; M PK  181; Low er Elton Foim ation, Ludlow  Series, 

LD54A, Elton Lane, Ludlow, Shropshire.

D ia g n o s is .  (L ister 1970, p. 83). "A polygonal variety o f M. ste lla tum  w ith  short rig id  

processes; processes barbed along their median portions and at their distal extremities."

D escription. Vesicle commonly polygonal, rarely spherieal, laevigate, thin walled, w ith short, 

slender, tapering, straight or flexuous, hollow  processes; process cavities open to the vesicle interior.
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The processes me ornamented along their length with short spines, which are pm ticularly concentrated at 

the tips. Excystm ent by unornamented rupture.

Dimensions, V=8-15pm , PL=4-7pm , P0b=O.8-1.5pm , PN=17-26 (10 specimens measured). 

Rem arks. Saijeant & Stancliffe (1994, p. 32) cited the branched nature o f the processes as the 

reason for transferring this species to M ultiplicisphaeridium. The processes, w hich have slightly rounded 

tips, are not branched, but have small spines along their length and especially at their process tips. This 

species is similm- to Nanonobarbophora  (now M icrhystridium  subgenus N anonobarbophora) barbata  

(Habib & Knapp 1982) Sarjeant & Stancliffe 1994 w hich has an ornam ent o f short spines along the 

length o f its proeesses; the spines, however, are not concentrated at the process tips, whieh do not appear 

branched.

The spinose ornam ent on the proeesses o f M. intonsurans is only clearly visible w ith a SEM; 

under transm itted light the processes appear granulate and the tips seem slightly bulbous. Sinee under 

transm itted  light the true nature o f the process tips eannot be seen, and also beeause o f the close 

m orphological s im ilarities betw een M. intonsurans  and som e forms o f M. stella tum , this taxon is 

retained in Micrhystridium.

O ccurrence. Ludlow Series (espeeially the Low er Elton and Low er W hitcliffe form ations), 

Ludlow  and M illiehope, Shropshire (Lister 1970); Siegenian-Em sian stages, Belgium  (Vanguestaine 

1979); W enloek Series, A yrshire (D om ing 1982); M uch W enlock Lim estone Form ation, W enlock 

Series, Dudley, UK (D om ing 1983); Coalbrookdale Formation, W enlock Series, Shropshire (Turner et 

al. 1995); M uch W enlock Lim estone-M iddle Elton formation. Pitch Coppice Quarry and Goggin Road. 

Known range: W enlock Series-Em sian Stage.

M ic rh y s tr id iu m  s te lla tu m  D eflandre  1945 PI. 6 , fig. 11; PI. 12, fig. 6 .

1942 M icrhystridium  stellatum', Deflandre, p. 476, figs 7,8 {nomen nudum).

1945 M icrhystridium  stellatum  Deflandre; Deflandre, p. 65, pi. 3, figs 16-19.

1974b Veryhachium stellatum  (Deflandre 1945a); Pôthé de Baldis, p. 371-372.

1975 M icrhystridium  stellatum  Deflandre; Pôthé de Baldis, p. 492, pi. 5, fig. 18.

1990 M icrhystridium  stellatum  Deflandre 1945a; Fensom e et a l ,  p. 333 (no fig.).

1994 M icrhystridium  stellatum  Deflandre 1945; Sarjeant & Stancliffe, p. 18 (no fig.).

H olotype. Deflandre 1945, pi. 3, fig. 16-18; AY 14, Calcaire de la  Roquem aillère (W enlock 

Series), M ontage Noire; sample no' 421.

Diagnosis. (Deflandre 1945, p. 65, translation by Eisenaek et a l  1979a, p. 505). "The globular 

central body, tending to be som ewhat polyhedral bears strong simple spines which are straight or slightly 

curved, o f length greater than half the diameter o f the centtal body. These spines are not very numerous: a 

dozen or a few more; they are m ore or less strongly developed, according to the specimens in question; 

the polyhedral aspeet eoincides with the reduction in the number o f processes. The body wall is a reddish
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brow n or is very dark yellow ish brown, the spines are alm ost black. The d iam eter o f the organism , 

w ithout spines, is from  11 to 16p.; it attains 25 to 28 |l, spines included."

Description. Vesiele commonly polygonal, rarely spherical, laevigate, thin walled. Processes 

laevigate, slender, tapering to sim ple tips, hollow  and open to the vesicle interior. E xcystm ent by 

unornamented rupture.

Dimensions. V =ll-20 |i.m , PL=5-16|J,m, P 0 b = l-2 p m , PN= 10-23 (11 specimens measured).

Rem arks. In general morphology this species closely resem bles M. intonsurans, which differs 

in having slightly shorter processes, along w hieh a distinctive ornam ent o f small spines occurs. M . 

inflatum  has a larger vesiele and fewer, longer processes; Micrhystridium  sp. A  has a sparse and irregular 

covering o f fewer, shorter, flexuous, solid processes.

O ccurrence. This species has a w idespread geographical and stratigraphical occurrence (see 

Eisenack et al. 1979a, p. 505-506). The UK occurrences o f this species are:

Trem adoc Series, Great Britain (Downie 1958); Oxford Clay, U pper Jurassic (Sarjeant 1961); 

Low er Permian, Yorkshire (W all & Downie 1962); W enlock Series, Shropshire (Downie 1959, 1963); 

H ettangian-Sinem urian stages. Low er Jurassic (W all 1965); low er Ludlow Series, England (L ister & 

D ow nie 1967); W enloek-Prfdoll series, Shropshire (Lister 1970); M ueh W enlock Lim estone-Downton 

Castle Sandstone formations, W enlock-Prfdolf series, Ludlow (Lister & Downie 1974); Llandovery-lower 

W enlock series, L landovery type area and W elsh B orderland (Hill 1974); upper L landovery-low er 

W enlock series, W enloek type area (M abillaid & Aldridge 1985); middle W enlock Series, Cheviot Hills, 

NE England (Barron 1989); Coalbrookdale Formation, W enlock Series, Shropshire (Turner e ta l.  1995); 

M uch W enlock Lim estone-M iddle Elton form ation. Pitch Coppice Quarry and G oggin Road. Known 

range: Ordovician-Jurassic.

M ic r h y s tr id iu m  sp. A  PI. 6 , fig. 15.

Description. Vesicle ellipsoidal, laevigate, hollow, with a sparse and irregular covering o f short, 

flexuous processes, w hich taper to sim ple tips and are apparently solid. N o excystm ent struetures 

observed.

D im ensions . V=22-24|J,m, PL =4-9j0.m, P 0b= l-2p ,m , PN =13-14, W = 0.5 |im  (2 specim ens 

measured).

R em arks. Only a few specim ens o f this taxon w ere recovered and it is thus p laced in  open 

nom enclature. The sparse, irregular, covering o f simple, solid, processes distinguishes this taxon from  

M. stellatum, whieh is thinner walled and has longer, hollow processes.

Occurrence. M uch W enlock Limestone-Lower Elton formation boundary, Piteh Coppice Quarry 

and Goggin Road, with rare oceurrences in the M iddle Elton Formation, Goggin Road.
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M ic r h y s tr id iu m  ? sp. B PI. 6 , figs 6 , 16.

D escription. V esicle laevigate, ellipsoidal to spherical, moderately thick walled. The vesicle 

surface is covered w ith numerous short processes, w hich taper to simple points. The processes can be 

straight or flexuous, hollow  or apparently solid and som e appear to be finely granulate along their 

lengths, though m ost appear laevigate. Exeystm ent m eehanism  not observed.

D im ensions. V=25-32p,m, PL =4-12pm , P0b=2-3|a.m , PN =22-32, W = 0.5pm  (5 specim ens 

measured).

Rem arks. This taxon is only provisionally placed in M icrhystridium  because o f the vesicle size 

(22-32|im ), which exceeds the general maxim um  of 20p,m o f the generic diagnosis (Sarjeant & Stancliffe

1994). There is provision in the diagnosis, how ever, that allows the inclusion o f form s w hich have 

vesicle diameters which rarely exceed 27pm.

This taxon is quite distinct from the other speeimens reeovered and assigned to M icrhystridium . 

The vesicles o f M. intonsurans  and M. stellatum  are sm aller and thinner walled; M. inflatum  has fewer, 

longer, flexuous processes and M icrhystrid ium  sp. A  is sm aller and has an irregular covering o f short, 

solid processes.

Occurrence. Rare in the M iddle Elton Formation, Goggin Road.

Genus Multiplicisphaeridium Staplin 1961 emend. Staplin, Jansonius & Pocock 
1965 emend. Eisenack 1969 emend. Lister 1970

Type Species. By original designation, M ultiplcisphaeridium  ram ispinosum  Staplin 1961, p. 

411, pi. 48, fig. 24, text-figs 9g, h; W oodbend Formation, Upper Devonian, Alberta, Canada.

D ia g n o sis . (L ister 1970, p. 83). "V esiele hollow , spherical to ellipsoidal, single-w alled; 

processes w ith closed tips, heterom orphie sim ple or eom pound branching, wall sm ooth or w ith m inor 

ornamentation; no differentiation between vesicle wall and processes; process cavity in open connection 

with vesicle interior. Exeystm ent by eryptosuture, apical or near-equatorial."

R e m a r k s .  A  fu ll d iseussion  o f the taxa that have been considered  synonym ous w ith 

M ultiplicisphaeridium  can be found in Fensom e et al. (1990, p. 338-339), who ineorrectly cited the last 

em endation as being by Turner (1984) who only listed the em ended diagnosis o f L ister (1970). This 

genus is sim ilar to several other genera; M icrhystrid ium  have generally sim ple processes that rarely 

branch; Leptobrachion  have two walls; Cym bosphaeridium  appear double w alled and have a pylome; 

E v ittia  have ornam ent on the vesicle and processes and a distinctive d ig itate style o f branching; 

Dateriocradus have triangular' vesicles; Hoegklintia  are m uch larger and Baltisphaeridium  appear to have 

two walls and generally simple processes, which are elosed to the vesiele interior.
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M u ltip lic is p h a e r id iu m  a rb u s c u lu m  D om ing 1981a PI. 7, fig. 1.

p. 1970 Multiplicisphaeridium arbusculiferum  (Downie 1963) Staplin, Jansonius & Pocock

1965; Lister, p. 86-87, pi. 10, figs 14-15, pi. 11, figs 1-2, text-fig. 25c (only).

V *  1981a M ultiplicisphaeridium  arbusculum  n. sp.; Doming, p. 194-195, pi. 1, fig. 7.

1981a Multiplicisphaeridium arbusculatum\ Doming, table 1 {nomen nudum).

1990 M ultiplicisphaeridium  arbusculum  D om ing 1981; Fensom e e ta l.,  p. 340 (no fig.).

H o lo ty p e .  D om ing 1981a, pi. 1, fig. 7; W N28K, U41/4, M PK  2905; M uch W enlock 

Lim estone Formation, W enlock Series, W rens N est Inlier, Dudley, W est M idlands (SO 9350 9175).

Diagnosis. (D om ing 1981a, p. 195). “Vesicle subspherieal, 15-25pm  in diam eter, laevigate;

6-12 laevigate processes, 18-30 pm  long, base about 3pm  wide, tapering to sharp points; branehing is 

irregular up to fourth order, and irregular w ithin the processes of an individual; the first order o f 

branching often occurs about one third to one half of the length of the process. Branehing angle 30-40°.”

Description. Vesiele spherical to ellipsoidal, laevigate, bearing long, tapering processes which 

m ay be sim ple or are m ore com m only branched (upto 3rd order) at ^/^rds along their length. The 

processes, including som e o f the branehes, are hollow  and open to the vesicle interior. Excystm ent 

m echanism not observed.

Dimensions. V=15-23pm , PL=15-29pm , P0b= 1.5-5pm , PN=5-11 (20 specimens m easured).

Remarks. The processes on M ultiplicisphaeridium  variabile  tend to be m ore numerous, and the 

vesicle is polygonal (usually hexagonal), not spherical or ellipsoidal. M ultiplicisphaeridium  eltonense  is 

generally smaller, w ith m ore numerous, narrower, shorter processes. The spherical-ellipsoidal vesicle 

distinguishes this speeies from  M ultiplicisphaeridium  arbusculum  var. A, w hich appears identical, but 

possesses a rhomboidal-polygonal vesicle. The two taxa have been separated as their stratigraphie ranges 

are slightly different.

This species was erected by D om ing (1981a) to accommodate forms w ith a single w all which 

had been assigned to M ultip lic isphaerid ium  (now Leptobrach ion) arbuscu liferum . The epithet was 

incorrectly spelt as arbusculatum  by D om ing (1981a, Table 1, p. 179).

O ccurrence. Low er Elton Foim ation, Ludlow Series, Ludlow (L ister 1970 as M. fisherii)-, 

upper W enlock Series-low er Ludlow  Series, Ludlow  and M illiehope, Shropshire (L ister 1970, as M. 

arbusculiferum)-, Coalbrookdale Form ation-Elton Group, middle W enlock-low er Ludlow  series, W elsh 

B orderland (D om ing 1981a); M uch W enlock Lim estone Form ation, W enlock Series, D udley, UK 

(D om ing 1983); m iddle-upper Llandovery Series, Llandovery type area (Hill & D om ing 1984); upper 

Llandovery-low er W enlock series, W enlock type area (M abillard & A ldridge 1985); low er W enloek 

Series, A ustria (Priewalder 1987); low er Silurian, Ringerike, Norway (Smelror 1987); upper Llandovery 

Series, L ibya (H ill & M olyneux 1988); m iddle W enlock Series, C heviot Hills, N E England (Barron

1989); Coalbrookdale Form ation, W enlock Series, Shropshire (Turner et al. 1995); M uch W enlock 

Lim estone-Low er Elton form ation boundary. Pitch Coppice Quarry and G oggin Road; com m on in the
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low er part o f the Low er Elton Form ation, decreasing towards the upper part, Goggin Road. Known 

range: middle Llandovery-lower Ludlow series.

M u lt ip l ic is p h a e r id iu m  a rb u s c u lu m  var. A  PI. 7, fig. 5.

vp. 1970 M ultiplicisphaeridium  arbusculiferum  (Downie 1963) Staplin, Jansonius & Poeoek

1965; Lister, p. 86-87, pi. 10, fig. 16, 17 (only), 

vp. 1970 M ultiplicisphaeridium  fisherii (Cram er 1968) comb, nov.; Lister, p. 89, pi. 11, fig. 3

(only).

D escrip tion . V esicle rhom boidal or polygonal, laevigate. Processes broad based, tapering, 

laevigate, hollow, open to vesicle interior, simple or branched upto the 4th order from  V2 to ^/grds along 

their length. Excystm ent m eehanism  not observed.

Dimensions. V=16-23pm , PL=14-30pm , P0b=3-6]xm, PN=6-12 (13 specimens m easured). 

Rem arks. This taxon is the rhom boidal-polygonal counterpart o f M. arbusculum  and appears 

alm ost identical, but lacks an ellipsoidal-spherical vesicle. It has been included as a distinct taxon as the 

stratigraphie ranges o f the two taxa are not identical (although they overlap) and the two taxa appear to 

dominate in different parts o f the succession (Appendices 1, 2).

O ccurrence. Low er Elton Form ation, Ludlow Series, Shropshire (Lister 1970, as M. fisherii)-, 

upper W enlock Series-low er Ludlow series, Ludlow  and M illiehope, Shropshire (L ister 1970, as M. 

arbusculiferum)-. M uch W enlock Limestone Foim ation (Pitch Coppice Quarry), Low er Elton Form ation 

(Goggin Road).

M u ltip lic is p h a e r id iu m  e lto n e n se  D om ing  1981a PI. 7, fig. 2.

p. 1970 M ultiplicisphaeridium  ramusculosum  (Deflandre 1945) comb, nov., emend.; Lister, p.

92-93, pi. 11, figs 8, 11-13, text-fig. 25a (only)..

V *  1981a M ultiplicisphaeridium  eltonensis n. sp.; Doming, p. 195, pi. 1, figs 5,8.

1990 M ultiplicisphaeridium  eltonense D om ing 1981; Fensom e e t a l ,  p. 344 (no fig.).

H olotype. D om ing 1981a, pi. 1, fig. 8 ; from  LE34K, X35/4, M PK  2903, M uch W enlock 

Lim estone Formation, W enlock Series, Ledbury Hill, Herefordshire (SO 716 384).

D iagnosis. (D om ing 1981a, p. 195). "Vesicle subspherical, 20-25|0.m in  diam eter, laevigate; 

10-18 laevigate proeesses, 15-20|0.m long, 2-3p,m wide at base, tapering distally, irregularly branching at 

20-30° up to fourth order. Excystm ent by an inegu lar split."

D escrip tion . Vesicle spherical to ellipsoidal, laevigate, w ith long, slender, hollow , laevigate 

proeesses, w hich taper to sim ple or branched tips; processes open to the vesicle interior. Branching 

generally occurs at ^/grds the way along the processes, though rare examples m ay show branching from
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V2 way; branches ramified, up to 3rd order. On some specimens the tips of the processes, including the 

branches, are noticeably thinner than the rest of the process. Excystment by unornam ented rupture.

Dimensions. V=13-21|J,m, PL=10-23|am, P0b= l-3 |t,m , PN=8-18 (14 specimens measured).

Remarks. Those forms re fened  to as M. (now Oppilatala) ramusculosum  by Lister (1970), are 

herein assigned to M. eltonense. In the diagnosis o f this species. D om ing (1981a, p. 195) referred to the 

vesicle diam eter as being 20-25|J.m (holotype average V = 20pm), whereas the m aterial recovered here is 

generally smaller, with vesicle diameters ranging from 13-21pm.

M ultiplicisphaeridium  variabile  can be larger and has a polygonal vesiele w ith m ore processes; 

M. arbusculum  and M. arbusculum  var. A  are generally larger, w ith fewer, broader based processes; 

M ultiplicisphaeridium  mingusi Le Hérissé 1989 has a foveoreticulate vesicle.

Occurrence. W enloek Shales-D ownton Castle Sandstone Form ation, W enlock-Prfdolf series, 

Ludlow  and M illiehope (L ister 1970); M ueh W enlock Lim estone Form ation-E lton  G roup, upper 

W enlock-low er Ludlow  series, W elsh B orderland (D om ing 1981a); M uch W enlock L im estone 

Form ation, W enlock Series, Dudley, U K  (D om ing 1983); M uch W enlock Lim estone-M iddle Elton 

formation, Piteh Coppice Quarry and Goggin Road. Known range: W enloek-Prfdolf series.

M u ltip lic is p h a e rid iu m  v a r ia b ile  (L ister 1970) D om ing 1981a PI. 7, fig. 3.

V *  1970 M ultiplicisphaeridium  arbusculiferum  var. variabile var. nov.; Lister, p. 87-88, pi. 11, 

figs 5, 7, 10; text-figs 25d, 26c.

1981a M ultiplicisphaeridium  variabile n. stat.-, Doming, p. 194 (no fig.).

1990 M ultiplicisphaeridium  variabile (Lister 1970) D om ing 1981; Fensom e et a l ,  p. 357

(no fig.).

H olo type . L ister 1970, pi. 11, fig. 10; M PK  211; Low er E lton Form ation, Ludlow Series, 

LD3, Pitch Coppice Q uany, Ludlow, Shropshire.

D iagnosis. (Lister 1970, p. 87). "A generally polygonal variety o f M . arbusculiferum, usually 

w ith num erous processes, m ore or less equal in length to the vesiele diam eter. The processes m ay be 

slender, tapering w ith sharply pointed terminations or forldng irregularly at m oderate angles up to third 

order, branches are flexuous, tapering to a point. Excystm ent by eryptosuture."

D escription. Vesicle polygonal, generally hexagonal, moderately thick walled, laevigate, with 

num erous laevigate, hollow, tapering processes w hieh m ay be simple, or are m ore com m only branched 

(up to 3rd order); branches ram ified, processes open to vesiele interior. Excystm ent m eehanism  not 

observed.

D im e n s io n s . V=14-27p,m , PL=10-25|J.m , P 0 b = 1 .5 -4 .5 |im , PN = 10-22 (26 specim ens 

measured).

Rem arks. A polygonal vesicle distinguishes this taxon from  M. eltonense and M. arbusculum, 

both o f w hich have spherieal-ellipsoidal vesieles; M. arbusculum  var. A has a polygonal vesiele 

(normally rhomboidal-pentagonal, not hexagonal) but possesses fewer, broader based, processes.
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O ccurrence. M aplew ood Form ation, upper Llandovery Series, New Y ork (F isher 1953 as 

H ystrichosphaerid ium  ramusculosum  (?)); W enlock Series-Gedinnian Stage, m iddle Silurian-Low er 

Devonian, Bassin de Polignac, Sahara (Jardiné & Yapaudjian 1968, provisionally included by L ister

1970); Ludlow Series (espeeially the Low er Elton Formation), Ludlow and M illiehope areas, Shropshire 

(L ister 1970); Ilion Shale, W enloek Series, New Y ork (Thusu 1973b); m iddle H om erian-low erm ost 

G orstian stages, B ritain  and Ireland (A ldridge et al. 1979); M uch W enlock L im estone Form ation, 

W enlock Series, Dudley, UK (Dom ing 1983); W enlock Series, A ustria (Priewalder 1987); L landovery 

Series, N ar borehole, Visby, Hogklint, Slite, H alla and M ulde formations, Llandovery-W enlock series, 

G otland (Le Hérissé 1989); Silurian, Argentina (Rubinstein 1993); M uch W enlock Lim estone-Lower 

Elton form ation boundary (Piteh Coppice Quarry and Goggin Road), deereasing rapidly in the Low er 

Elton Formation, w ith sparse occurrences in the upper Low er Elton and M iddle Elton formations, Goggin 

Road. Known range: Llandovery Series-Lower Devonian.

M u lt ip l ic is p h a e r id iu m  sp. A PI. 6 , figs 17-18; PI. 12, fig. 3.

1970 M ultiplicisphaeridium  cf. picorricum  (Cram er 1964) comb, nov.; Lister, p. 92, pi. 11, figs 15-

lb .

D escription. Vesicle spherical to ellipsoidal, thin walled, laevigate, w ith num erous laevigate 

processes. Some o f the processes are broad based and triangular in outline, tapering to simple or branehed 

tips, branching ( 1st or 2nd order) usually at process tips, though some specimens m ay show branching 

from  half way. Excystm ent m echanism not observed.

Dimensions. V=10-18pm , PL=5-12p,m, P0b=1.5-4.5|a,m, PN=10-19 (10 specimens m easured).

R em arks. Exam ples o f this speeies were placed in M . cf. picorricum  by L ister (1970). The 

holotype o f M. picorricum  (C ram er 1964b, pi. 11, fig. 2), however, shows m ore num erous proeesses, 

w hieh  are  longer, m ore com plex ly  b ranched  and lack  the trian g u la r shape  o f  th o se  on 

M ultiplicisphaeridium  sp. A.

Occurrence. Ludlow Series, Ludlow (Lister 1970); M uch W enlock Lim estone-M iddle Elton 

formation, Piteh Coppice Quarry and Goggin Road.

M u lt ip l ic is p h a e r id iu m  sp. B PI. 7, fig. 4; PI. 12, fig. 4.

V . 1970 M ultiplicisphaeridium  imitatum  (Deflandre 1945) comb, nov., emend.; Lister, p. 90- 

91, pi. 11, figs 17-18, text-fig. 26d.

D escrip tio n . V esicle ellipsoidal, m ore com m only polygonal, thin walled, scabrate under 

transm itted light. W ith a SEM  the processes appear striate and the striations extend down from  the 

processes and radiate out onto the vesicle. Processes long, slender, hollow , open to vesicle interior, 

tapering, rarely sim ple, com m only branched ^/grds along their length. U nder transm itted ligh t the
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processes appear laevigate. The branehes are ramified, commonly branching to the 3rd order, though 1st, 

2nd and 4th order branching may occur. Excystment meehanism not observed.

Dimensions. V=10-15|xm, PL=9-17|0,m, P0b=l-2.5(Xm, PN=10-23 (10 specimens m easured).

Remarks. Those forms described as M. imitatum  by Lister (1970) are provisionally included in 

synonym y. It is elearly apparent that they do not belong in M. im itatum , as the holotype (D eflandre 

1945, pi. 3, fig. 1) has more numerous, less eomplexly branched processes. In the em ended diagnosis o f 

M. imitatum. Lister (1970), did not mention the presence o f vesicle ornament.

Occurrence. M ueh W enlock Limestone-Downton Castle Sandstone formations, W enlock-Prfdolf 

series, Ludlow and M illiehope (absent from  the Leintwardine-W hitcliffe groups in the M illiehope area). 

L ister (1970, as M. imitatum)', rare over the M uch W enlock Lim estone-M iddle Elton form ations, Piteh 

Coppice Quarry and Goggin Road

M u lt ip l ic is p h a e r id iu m  sp. C PI. 7, fig. 10; PI. 12, fig. 5.

Description. Vesicle spherical to ellipsoidal, laevigate, with numerous, short, hollow, laevigate, 

slightly tapering processes. Processes open to the vesicle, rarely simple, commonly w ith short branches 

at their tips; branching sim ply digitate or irregular to the 2nd order. Excystm ent m echanism  not 

observed.

Dimensions. V=16-26|0,m, PL=7-13|am, P0b= 1.5-3pm , PN=24-33 (9 specimens measured).

Rem arks. In some respects the branching resem bles that o f G. succinum; the processes are, 

however, hollow , not solid. M ultip lic isphaerid ium  triangula tum  (Downie 1963) D om ing 1981a, o f 

which I have seen the holotype, is nearly identical but differs in having shorter processes (upto 5|a,m vs'

7-13|0,m).

Occurrence. Rare in the Lower and M iddle Elton formations, Goggin Road.

Genus Neoveryhachium Cramer 1970a

Type Species. By original designation, Veryhachium carminae C ram er 1964b, p. 307, 309, pi. 

14, fig. 16, pi. 16, figs 1-3, text-fig. 28:1; from  the San Pedro Form ation, Ludlow  Series-low er 

Gedinnian Stage, La Vid de Gordon, NW  Spain.

D iagnosis. (C ram er 1970a, p. 110). "Vesicle symmetry regular, m orphology determ ined by 

num ber o f proeesses. Central body polygonal. The processes are the sim ple land; ornam entation by 

sculpture, m inor. The vesicles open through pylom es. Vesicle wall double; the eetoderm  is tightly 

enveloped by a third wall layer, the periderm."

(Diagnosis o f Neoveryhachium  carminae C ram er 1970a, p. 112). "The vesicle is o f rectangular 

outline and is slightly inflated, giving the vesicle the appearance o f a poor quality pillow. The vesicle 

walls are psilate, but are eovered by a characteristic system  of linear thickenings (not: folds) on the 

external side of the ectoderm. The general morphology o f these ridges is a fairly constant character, and is 

useful to d ifferentiate the speeies from  taxa o f a s im ilar general outline w ieh [iic ] belong to the
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V eryhachium /M icrhystridium  Unit. O ccasionally, specim ens w ith three or five processes are found; 

these processes are always situated in the same plane. The outline o f forms bearing five processes is still 

basically rectangular. In well preserved specim ens, a very thin m embrane, or periderm , may be seen 

around the central portion o f the vesicle, but apparently is absent around the processes."

Remarks. Confusion has arisen over the nature o f the vesiele wall o f Neoveryhachium , as both 

the original diagnosis o f C ram er (1970a) and em ended diagnosis o f Sarjeant & Stancliffe (1994, p. 42) 

state that the vesicle is double walled. The type species, N. carminae (see diagnosis above), however, 

does not have two walls, but thickenings on the vesiele surface that give the im pression o f two walls. 

For this reason the em ended diagnosis o f Saijeant & Stancliffe (1994) is not used herein. The diagnosis 

o f C ram er (1970a) requires emendation, but this is outside the scope o f the present paper.

Taxa have been assigned to this genus if  they have simple, hollow processes, open to the vesiele 

interior, that lie in a single plane, and have vesicles w ith thickenings on the surface and a polygonal 

outline (see diagnosis N. carminae above).

N e o v e ry h a c h iu m  m a y h ille n se  D om ing 1981a PI. 7, fig. 6 .

V *  1981a N eoveryhachium  m ayhillensis n. sp.; D om ing, p. 196, pi. 2, fig. 13.

1990 Neoveryhachium  mayhillense D om ing 1981; Fensome et al., p. 364 (no fig.).

1994 Neoveryhachium  mayhillense  D om ing 1981; Saijeant & Stancliffe, p. 42 (no fig.).

Holotype. D om ing 1981a, pi. 1, fig. 13; W G30K, W 25/2, M PK  2910; from  the Low er Elton 

Form ation, Ludlow Series, W ood Green, M ay Hill, Gloucestershire (SO 6930 1655).

Diagnosis. (Dom ing 1981a, p. 196). "Vesicle subreetangular in outline, 30-35pm  wide, dorso- 

ventrally flattened, laevigate but w ith striae parallel to the vesicle sides; four processes at the corners of 

the vesicle, 35-45pm  long, 4-5p,m wide at base, tapering distally to a sim ple sharp term ination. 

Excystm ent mechanism  not observed."

D escription. Vesicle square or rectangular, single walled, laevigate, w ith folds parallel to the 

sides. P rocesses long, slender, laevigate, hollow  and open to the vesic le  interior. E xcystm ent 

mechanism  not observed.

Dimensions. V=20-34pm , PL=18-39pm , P0b=1.5-7|J.m, PN=4 (10 specimens measured).

Rem arks. This species does not possess two walls, but like the type speeies N. carminae, has 

linear thickenings on the vesicle surface. It is these thickenings which distinguish N. m ayhillense  from  

exam ples o f D. rhomboidium  w ith four processes; D. rhomboidium  is also generally sm aller and can 

have granulate processes.

Occurrence. E lton Group, Ludlow Series, W elsh Borderland (D om ing 1981a); M uch W enlock 

Limestone-Lower Elton foim ation boundary (Piteh Coppice Quarry and Goggin Road), rare occurrenees in 

the upper part o f the Low er Elton Form ation and upperm ost M iddle Elton Form ation, G oggin Road. 

Known range: upper Homerian-lower Gorstian stages.
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Genus Onondagella Cramer 1966c emend. Playford 1977

Type species. By original designation, Veryhachium  asym m etricum  D eunff 1954a, fig. 15 (a 

nomen nudum  until D eunff 1961); from the Devonian o f Canada.

Diagnosis. (Playford 1977, p. 30). "Vesicle hollow, with three processes, one developed at each 

apex o f the invariably triangular vesicle. Vesicle w all one-layered, psilate or finely seulptured. Proeesses 

also psilate or finely sculptured; heteromorphie, to the extent that two are sim ilar in  form  and size (i.e., 

are prom inent, tapering, spinelike, subequal projeetions w ith closed tips), w hilst the third is relatively 

short and stout and often has the appearance o f being broken. Distal extrem ity o f latter process has a 

circu lar opening or potential opening eonsidered to be a cyclopyle (cireular excystm ent opening: 

E isenack, 1969) w hich in intact exam ples is seen to be closed by a thickened plug, subspherical or 

hem ispherical in shape and here term ed an epibystra. The interiors o f all three processes open into and 

com municate freely with vesicle cavity."

Remarks. The method o f excystm ent was considered by Playford (1977) to be via the tip o f the 

larger process; this was considered im practical by Le Hérissé (1989), who considered that exeystm ent 

took plaee via a rupture situated between the two similar' processes.

O n o n d ag ella  d eun ffii Cram er 1966c emend. Le Hérissé 1989 Pl. 7, fig. 12.

1966c Onondagella deunffi n. sp.-, Cramer, p. 87-88, pi. 2, figs 12-13.

1989 Onondagella deunjfi C ram er emend.; Le Hérissé, p. 169, pi. 20, figs 5-6.

1990 Onondagella deunffii Cramer 1966b; Fensom e et al., p. 372 (no fig.).

H olotype. C ram er 1966c, pi. 2, fig. 13; from  the San Pedro Form ation, Ludlow  Series-low er 

Gedinnian Stage, Leon, NW  Spain.

Diagnosis. (Translated from Le Hérissé 1989, p. 169). "Vesicle triangular w ith three processes 

at the corners, the wall is simple, unilayered, sm ooth or weakly ornamented. Two o f the processes are 

similar, cylindrical, with rounded and closed extremities; they eornmunicate w ith the central cavity. The 

third proeess has a different morphology; it is generally longer, w ith the form  of a cylindrical tube w ith 

parallel sides. This process has, on its upper part, a m ore transparent section o f variable length, closed at 

the base by a sort o f cork and open at the top. The form  is generally asymm etrical w ith a vesicle whose 

sides are straight to slightly concave. The opening observed at the extremity o f one o f the processes is 

not considered as functional for excystm ent; the real structure of exeystm ent is represented by a sim ple 

split, situated between the two homomorphic processes."

D escription. Vesicle triangular, hollow, laevigate, w ith three processes at each corner. Two of 

the processes are nearly identical, w ith simple, rounded tips; one process is broader, tapers less and ean 

have a solid plug at, or near, its tip. The processes have a gradational contaet w ith the vesiele and, on 

m ost specim ens, their bases ean not be defined. Processes hollow, laevigate, open to vesiele interior; 

excystment m eehanism not observed.

101



CHAPTER2

Dimensions. T  = 58-78|J,in (10 specimens measured).

Remarks. As the vesicle-process contact is poorly defined, the size o f those forms recovered in 

this study was m easured between the tip o f the broader process, which bears the thickened tip, and the 

opposite side o f the vesicle.

O ccurrence. Ludlow Series-low er Gedinnian Stage, Silurian-Devonian, N W  Spain (Cram er 

1966c, 1969b); Ludlow Series, France (Deunff er a/. 1971); subsurface Florida, Llandovery-Pridolf series 

(C ram er & D iez 1972); Prfdolf Series, Podolia (K iryanov 1978); Ludlow  Series-Siegenian Stage, 

A lgerian Sahara (Jardiné et al. 1972); Tanezzuft and Acacus foim ations, W enloek-Ludlow series, Libya 

(Richardson & loannides 1973); Ludlow Series-Gedinnian Stage, Algeria (Jardiné e ta l.  1974); Silurian- 

D evonian, France (Rauscher 1973, Rauscher & Robardet 1975); W enloek-Ludlow  (? Prfdolf) series, 

France (D eunff & Chateauneuf 1976); Leintwardine-W hitcliffe groups, Ludlow Series, W elsh Borderland 

(D om ing 1981a); Hemse (unit a, «marl NW », «marl SE», «marl top»). Eke (lower and upper) and Ham ra 

(unit a) form ations, G orstian and L udfordian stages, Ludlow  Series, G otland (Le H érissé 1989); 

L landovery-Ludlow  series, Jordan (Keegan et al. 1990); rare over the M uch W enlock Lim estone-Lower 

Elton form ation boundary (Piteh Coppice QuaiTy and Goggin Road), becom ing m ore com m on in  the 

Low er Elton and M iddle Elton formations. Known range: Llandovery Series-Gedinnian Stage.

Genus Oppilatala Loeblich Jr. & Wicander 1976

Type Species. By original designation, Oppilatala vulgaris Loeblich Jr. & W icander 1976, p. 

20, pi. 6 , figs 11-13; Low er Devonian, Oklahoma, USA.

Diagnosis. (Loeblich Jr. & W icander 1976, p. 19). "Vesicle circular in outline, w ith variable 

num ber o f processes elearly delineated from  the vesicle and variously m ultifurcate; w all variously 

ornam ented, double layered, the processes form ed by the outer layer, processes com m only constricted 

proxim ally and plugged for a short distance w ith material resem bling the vesicle wall, processes do not 

com m unicate w ith the vesiele; excystm ent by a simple rupture o f the vesicle wall."

Remarks. Species assigned to M ultiplicisphaeridium  in having a sharp vesicle-process contact 

and have processes which are not plugged proxim ally; Ozotobrachion  have few er processes, which lack 

cleai" plugs at the bases; Baltisphaeridium  have generally simple proeesses.

O p p ila ta la  ram u scu lo sa  (Deflandre 1942 ex Deflandre 1945) D om ing 1981a

PI. 7, fig. 9.

1942 Hystrichosphaeridium ramusculosum  n. sp; Deflandre, figs 2-6 (nomen nudum).

1945 H ystrichosphaeridium ramusculosum  Deflandre; Deflandre, p. 63, pi. 1, figs 8-16, text-

figs 38-39.

1959 Baltisphaeridium  ramusculosum  (Deflandre); Downie, p. 59-60, pi. 11, fig. 13.

1970 Evittia ramusculosa-. Lister, p. 67 (no fig.) (invalid combination).
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V 1970 M ultiplicisphaeridium l cf. eoplanktonicum  (Eisenack 1955) comb, nov.; L ister 1970,

pl. 12, fig. 17, text-fig. 25f. 

non. 1970 M ultiplicisphaeridium  ramusculosum  (Deflandre, 1945) comb, nov., emend.; Lister, p.

92-93, pl. 11, figs 8, 11-14, text-fig. 25a.

1974 Peteinosphaeridium  ramusculosum-, Piskun, pl. 12, fig. 9 (invalid combination).

1981a Oppiltala ramusculosa  n. comb.; Dom ing, p. 196 (no fig.).

1990 Oppilatala ramusculosa (Deflandre 1945a) Doming 1981; Fensom e e t al., p. 373 (no

GgJ.

H o lo typ e . D eflandre 1945, pl. 1, figs 8-10; AY19; from  the Silurian, M ontagne Noire,

France.

D iagnosis. (Deflandre 1945, p. 63, translation from  Lister 1970, p. 93). "Globular vesicle, in 

some cases ellipsoidal or subspherical, ornamented with processes which are usually greater in length than 

1/2 the  shell diam eter, and perhaps equal to this diam eter. The processes are of two types. Som e are 

simple and pointed. The others, very characteristic, are ram ified in an irregular m anner and in addition 

often carry spines on the main trunk o f the process."

Description. Vesicle spherical to ellipsoidal, with a single, moderately thick wall which appears 

faintly ornam ented under transm itted light; vesicle thicker walled than processes. Thin, tubular, hollow, 

laevigate processes have a sharp contact w ith the vesicle. The bases o f the processes are thicker walled 

and p lugged and their interiors do not com m unicate w ith the vesicle cavity. Processes m ay rarely be 

sim ple, m ore com m only they aie branched in a ram ified fashion to the 3rd or 4th order; branching 

norm ally  occurs ^/grds along the p rocesses, rarely  V 3 or V 2 the w ay along. E xcystm ent by 

unornam ented rupture, which almost divides the vesicle in two.

Dimensions. V=21-31|Lim, PL=15-27p.m, P0b=1.5-2pm , PN=8-12 (10 specimens measured).

Remarks. The em ended diagnosis o f Lister (1970, p. 93) is not used as it is based on incorrectly 

identified specimens; examples illustiated by Lister (1970) have been placed in  M. eltonense herein. The 

spines referred to in the diagnosis o f Deflandre (1945) have not been observed in any specimens recovered. 

A lthough Lister (1970, p. 92) validly tiansferred this species to M ultiplicisphaeridium , he also proposed 

transferring the variety B altisphaerid ium  ram usculosum  var. sp inosum  Deunff, a nom en nudum , to 

E v ittia  (L ister 1970, p. 67). In erecting O. ram uscu losa  var. r a m u sc u lo sa ,  the autonym  o f O. 

ramusculosa, C ram er & Diez (1972) failed include the holotype o f O. ramusculosa, figured by Deflandre 

(1945, pi. 1, figs 8-10), in synonymy. Instead, they defined one o f their own specimens from  the Alger 

Form ation, Ohio, as holotype (specim en 55088f, pi. 34, fig. 41).

O ccurrence. Silurian, M ontagne N oire (D eflandre 1942, 1945); Coalbrookdale Form ation, 

W enlock Series, W enlock Edge, Shropshire (Downie 1959); Elton Group, Ludlow Series, Ludlow (Lister 

1970, as M .? cf. eoplanktonicum)-, Buildwas Form ation-Leintwardine Group, W enlock-Ludlow  series, 

W elsh Borderland (Dom ing 1981a); M uch W enlock Limestone Formation, W enlock Series, Dudley, U K  

(D om ing 1983); upper Llandovery-low er W enlock series, W enlock type area (M abillard & A ldridge 

1985); rare in the M uch W enlock Lim estone Formation, with two grouped appearances from  the m iddle
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Low er Elton-basal M iddle Elton formations and central M iddle Elton Form ation. Known range: upper 

Llandovery-lower Ludlow series.

Oppilatala septispinosa (L ister 1970) Le Hérissé 1989 Pl. 7, fig. 8 .

V *  1970 M ultip lic isphaerid ium l septispinosum  sp. nov.; Lister, p. 94-95, pi. 12, figs 9-16, 

text-figs 19b, c, 25e.

1989 Oppilatala  cf. septispinosum  (Lister) n. comb.; Le Hérissé, p. 179, pi. 24, fig. 10, 

text-fig. 14.1.

H o lo type . L ister 1970, pi. 12, fig. 9; M PK230; from  the Low er Bringew ood Form ation, 

Ludlow Series, sample LD 8, W igm ore Road, Ludlow, Shropshire.

D iagnosis. (L ister 1970, p. 94). "Vesicle hollow, smooth, spherical, relatively thin walled; 

processes, few in number, are long slender tubes which distally may becom e strap-like and which divide 

into delicate fingers sometimes regularly, sometimes irregularly; proximally the processes com m unicate 

freely w ith the vesicle cavity but are invariably septate about V4 o f the way along their length."

D escription. Vesicle spherical, m ore com m only ellipsoidal, laevigate, slightly thicker w alled 

than the processes. There is a sharp contact between the processes and vesicle; processes laevigate, 

hollow , long and slender, tubular to slightly tapering, straight or com m only flexuous, rarely sim ple, 

com m only branched at ^/grds, or raiely  I/2 way along their length. Processes plugged at, or near, their 

bases and closed to the vesicle interior. Excystm ent by unornam ented rupture, which alm ost divides the 

vesicle in half.

Dimensions. V =16-21pm , PL=29-43|J,m, P0b=1.5-2.5p.m , PN=5-8 (10 specimens measured).

R em a rks . This species was considered a ju n io r synonym o f M u ltip lic isp h a er id iu m  (now  

O ppila ta la ) eop lankton icum  (E isenack 1955) by E isenack et al. (1973, p. 617). The holotype o f O. 

eoplanktonicum  (Eisenack 1955) D om ing 1981a appears morphologically sim ilar to O. septispinosa, but 

from  the illustration it is im possible to determ ine w hether the processes are proxim ally plugged. U ntil 

the holotype o f O. eoplanktonicum  is examined, and the nature o f the processes ascertained, it is w iser to 

p lace those form s recovered  here into O. sep tisp inosa , a taxon w hose m orphology is m ore fully 

docum ented. O ppila ta la  insolita  (C ram er & D iez 1972) D om ing 1981a is a lm ost identical to O. 

sep tisp in o sa , differing only in having processes w hich are branched to a m uch h igher degree. O. 

ramusculosa ramusculosa has more numerous, shorter processes, which are branched to a higher degree

Occurrence. M uch W enlock Limestone-Downton Castle Sandstone formations, Wenlock-PiTdoli 

series, Ludlow and M illichope, Shropshire (Lister 1970); Hem se Formation, Ludlow Series, G otland (Le 

H érissé 1989); M uch W enlock Lim estone-M iddle Elton formation. Pitch Coppice Quarry and Goggin 

Road. Known range: upper W enlock-Pridoli series.
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Genus Ozotobrachion Loeblich Jr. & Drugg 1968

Type species. By original designation, O zotobrachion dactylos Loeblich Jr. & D rugg 1968, p. 

130-132, pi. 1, figs 1-6; [ senior synonym: B altisphaeridium  (now O zotobrachion) pa lidod ig ita tum  

C ram er 1966a; according to C ram er 1970a, p. 169 and Playford 1977, p. 31; synonymy rejected herein]; 

Haragan Fonnation, upper Gedinnian Stage, Oklahoma.

Diagnosis. (Loeblich Jr. & Drugg 1968, p. 130). "Vesicles triangular in plan view, m ore rarely 

ovate or subquadrangular. A n elongate process is present at each angle; commonly there are three, rarely 

only two or as many as four processes. The thin-walled processes are dichotomously branched or digitate 

and may be open or closed distally. Proximally they are closed by a thickened plug at the juncture o f the 

vesicle. Probable pylome represented by a split or rent between two processes. Vesicle wall tliicker than 

that o f processes, the possibility o f a two-layered wall im possible to determine optically."

Rem arks. The proposed synonymy of O. palidodigitatum  and O. dactylos is rejected herein as 

the two species have different branching styles. The branches o f O. dactylos  me short and com plex, 

whereas the branches o f O. palidodigitatum  me long and rmely subdivide.

O z o to b ra ch io n  cf. d ic ro s  Loeblich Jr. & Drugg 1968 PI. 7, fig. 7.

p. 1968 Ozotobrachion dicros n. sp.; Loeblich Jr. & Drugg, p. 132, 134, pi. 2, figs 1-2, 4-7 

(only).

1970a Baltisphaeridium dicros (Loeblich & Drugg 1968) Cramer (New combination); Cramer, 

p. 170, pi. 13, fig. 189, text-fig. 52k (m isspelt genus as Ozotobranchion).

1973 M ultiplicisphaeridium  dicros  (Loeblich & Drugg 1968); Eisenack et al., p. 605-606 

(misspelt genus as Ozotobranchion).

1975 Ozotobrachion  cf. dicros Loeblich y Drugg; Pothé de Baldis, p. 500, pi. 1, fig. 1, pi.

2 , fig. 1.

1977 Ozotobrachion furcilla tus  (D eunff 1955a); Playford, p. 31, pi. 13, figs 1-9, pi. 14, figs 

13-16.

H olotype. Loeblich Jr. & Drugg, pi. 2, fig. 1; no. 67-193(6)54-100; paratypes pi. 2, figs 2-7; 

nos. 67-193(5)46-99; 67-193(3)48-110; 67-193, 980; 67-193(4)33-101.5; 67-193(3)27-96; 67-193, 

988; from  the low er pm t o f the Haragan Formation, upper Gedinnian Stage, Oklahoma.

D ia g n o s is . (Loeblich Jr. & D rugg 1968, p. 132). "Sim ilar to the type species, but w ith 

processes m ore slender, tapering gradually, and closed term inally. N ear the distal end they branch 

dichotom ously, with two or four successive dichotomies, each branch being o f still less diameter. As in 

the type species, m ost specimens have three processes, and one specimen had only two. Process walls are 

thin, their surface smooth or bearing scattered grana. Plugs at the process bases are about 1 to 2 |0, thick. 

Vesicle wall about 0.5 to 1 p, thick, with sm ooth to finely granulate surface.
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V esicle from  20 to 27 p  in diameter, commonly about 25 p. The processes range from  27 to 56 

p  in length, average 36 p, and aie 3 to 4 p  in width, average 3 p."

Description. Vesicle commonly tetrahedral, rarely square, appears laevigate or finely granulate 

under transm itted light. The processes are thinner w alled than the vesicle, hollow , laevigate or finely 

echinate, colum nar or slightly tapering, occasionally simple, or with long, digitate branches o f up to 2nd, 

rarely 3rd order. Striations are som etim es visible on the bases o f the processes, w hich extend a short 

distance onto the vesicle. The processes are closed to the vesicle interior. In squaie forms, excystm ent 

via an unornamented rupture, which almost divides the vesicle in two. No excystment structures observed 

in tetrahedral fomis.

Dimensions. V =15-20pm , PL=23-33pm , P0b= 2-3 .5pm , PN=4-5 (6 specimens m easured).

R em arks. This taxon was considered to be a jun io r synonym  of O zotobrachion  fu rc illa tu s  

(D eunff 1955) Playford 1977 by Playford (1977, p. 31), a synonymy rejected herein. The holotype o f O. 

furcilla tus  has slender, elongate processes, which bifurcate, whereas the holotype o f O. dicros has shorter, 

broader processes, with complex branching.

The form  w ith elongate processes illustrated by Loeblich Jr. & D rugg (1968, pi. 2, fig. 3) 

appears to lack the two w alled structure characteristic o f this taxon, and is considered, probably, to be a 

species o f D ateriocradus. Those forms illustrated as O. dicros by Cram er (1970a) and E isenack et al. 

(1973) probably represent the type species of this genus, Ozotobrachion dactylos  Loeblich Jr. & Tappan 

1968, which has shorter, m ore complex branches.

Specim ens have been assigned to O. cf. dicros  as they are generally sm aller than the type 

m aterial and com m only have four processes and tetrahedral or rectangular vesicles; vesicles o f the type 

material are generally triangular, bearing three processes. Examples recovered here appear sim ilar to 

forms from  the Low er D evonian and assigned to O. furcillatus  by Playford (1977). These forms show a 

variety o f vesicle and process ornament, with some showing striations at the process-vesicle contact.

O ccurrence. Haragan Form ation, upper Gedinnian Stage, O klahom a (Loeblich Jr. & D rugg

1968); Los Espejos Form ation, W enlock Series, A rgentina (Pothé de Baldis 1975, as cf. dicros)]  

Haragan and Bois d'Arc formations, upper Gedinnian Stage, Oklahoma (Loeblich Jr. & W icander 1976); 

Low er-M iddle D evonian, M oose R iver Basin, O ntario, Canada (P layford 1977, as O. furcilla tus)]  

S ilurian, A rgentina (Rubinstein 1993, as 0 .1  cf. dicros)] sparse occurrences in the M uch W enlock 

L im estone to M iddle E lton form ations. P itch C oppice Q uarry and G oggin Road. K now n range: 

W enlock Series-Middle Devonian.

Genus Percultisphaera Lister 1970

Type Species. By original designation, Percultisphaera stiphrospinata  L ister 1970, p. 96-97, pi. 

13, figs 1-7, 9, text-fig. 19d-f, h, 27d; M PK  238, LD 34; Low er Leintw ardine Form ation, Ludlow  

Series, W hitcliffe, Ludlow, Shropshire.

D iagnosis. (L ister 1970, p. 96). "Vesicle hollow , subspherical to ovoidal, m oderately thin- 

w alled. Ornam entation o f two orders: a m inor ornam entation com prising sm all (0 .5 -Ip )  close-set.
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evenly-spaced, uniform, subconical to tubular elements, w ith capitate or distally expanded term inations, 

and a m ajor ornam entation o f slender solid spines, irregularly spaced and w hich m ay be sim ple or 

branching. Excystm ent aperture apical or neai-equatorial in position, and o f subhexagonal outline."

Remarks. The type species o f this genus appears morphologically similai- to H. pseudodictyum  

and H. latispinosum, but differs in having a second ornam ent o f thin, solid, wiry, processes. Originally 

the  genus con ta ined  only one species, though  L iste r (1970) d id  d iscuss the  possib ility  tha t 

Lophosphaerid ium  p ilo sum  D ow nie 1963 m ay belong in this genus; this species was transferred to 

Percultisphaera by Doming 1981a.

P e rc u l t is p h a e r a  s t ip h ro s p in a ta  L ister 1970 PI. 7, figs 13-14; PI. 12, figs 8 , 11.

V *  1970 Percultisphaera stiphrospinata  sp. nov.; Lister, p. 96-97, pi. 13, figs 1-7, 9, text-figs 

19d-f, h, 27d.

1990 Percultisphaera stiphrospinata  Lister 1970; Fensome et al., p. 388 (no fig.).

H olo type . L ister 1970, pi. 13, fig. 1; M PK  238, LD34; Low er Leintw ardine Form ation, 

Ludlow Series, W hitcliffe, Ludlow, Shropshire, UK.

Diagnosis. (Lister 1970, p. 96, as for genus).

Description. Vesicle ellipsoidal, rarely spherical, covered in a dense, regular ornam ent o f short 

cones or capitate processes. From  betw een this m inor ornament, long, slender, solid, wiry processes 

em erge, w hich m ay taper to sim ple tips, or be com plexly branched. E xcystm ent m echanism  not 

observed.

D im en sio n s . V =25-35|xm , m inor ornam ent=0.25-0.5|xm , m ajor ornam ent=6-14|a,m  (10 

specimens measured).

Remaries. The m inor ornam ent o f P. stiphrospinata  resembles that o f H. pseudodictyum  and H. 

latispinosum, which lack thin, solid, wiry processes. The diagnosis refers to the excystm ent structure as 

having a sub-hexagonal outline and what were believed to be isolated opercula were illustrated (L ister 

1970, pi. 13, figs 6-7); no isolated opercula have been recovered herein. Specimens were also illustrated 

w ith large ruptures (Lister 1970, pi. 13, figs 2, 4, 9) and these structures have been seen in the present 

study.

O ccurrence. L ow er E lton-D ow nton C astle Sandstone form ations, Ludlow -Prfdoli series, 

M illichope and Ludlow  area, Shropshire (L ister 1970); M iddle E lton -D ow nton Castle Sandstone 

form ations, Ludlow-Prfdolf series, Ludlow area (Lister & Downie 1974); San Pedro Form ation, Ludlow 

Series-low er Gedinnian Stage, N W  Spain (Cram er et al. 1976); upperm ost E lton-W hitcliffe groups, 

Ludlow Series, Britain and Ireland (Aldridge et al. 1979); Elton-W hitcliffe groups, Ludlow Series, W elsh 

Borderland (D om ing 1981a); Los Espejos Formation, low er Ludlow Series, Argentina (Pothé de Baldis 

1981); M ulde-H am ra form ations, W enlock-Ludlow  series, G otland (Le H érissé 1989); S ilurian, 

A rgentina (Rubinstein 1993); upper M iddle Elton Fonnation, Goggin Road. Known range: W enlock 

Series-lower Gedinnian Stage.
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Genus Psenotopus Tappan & Loeblich Jr. 1971 emend.

Type Species. By original designation, Psenotopus chondrocheus Tappan & Loeblich Jr. 1971,

p. 408, pi. 11, figs 1-6; W aldron Form ation, W enlock Series, Silurian, Tunnel M ill, S W L 4 sec, 11,

T 6N, R 8E, Jennings County, Indiana.

D ia g n o s is . (Tappan & Loeblich Jr. 1971, p. 406). "Vesicle spherical, surface gem m ate, 

ornam ented w ith low tubercles or processes airanged in patches or bands separated by bare and laevigate 

areas; processes apparently solid, low, circulai" in plan view, varying in size, rounded and sm ooth to 

slightly knobby, w ith a slight tendency to appear aculeate at the tips; wall thin, sm ooth but com m only 

w ith m icroridges and small, rare, scattered granules; excystment by a simple rupture o f the vesicle."

Em ended diagnosis. Excystment by relatively large, circular pylome.

R em a rks . The diagnosis has been em ended to reflect recognition o f the true excystm ent 

m echanism. A  simple rupture in the vesicle wall was indicated as the m ost likely excystm ent m echanism  

by Loeblich Jr. & Tappan (1971, pi. 11, fig. 5); in exam ples recovered here, however, pylom es have 

been found on several specimens and the splitting o f the vesicle wall appears to be preservational. The 

localisation  o f the ornam ent in to  bands, w hich separate bare areas, d istinguishes this genus from  

Lophosphaeridium  and Helosphaeridium, species o f which excyst via ruptures.

P sen o to p u s  c h o n d ro ch eu s  Tappan & Loeblich Jr. 1971 emend. PI. 7, figs 15-16.

1971 Psenotopus chondrocheus n. sp.; Tappan & Loeblich Jr., p. 408, pi. 11, figs 1-6.

1990 Psenotopus chondrocheus Tappan & Loeblich Jr. 1971; Fensome et a l ,  p. 421 (no fig.).

H olotype. Tappan & Loeblich Jr. 1971, pi. 1, fig. 3; holotype 69-63(SEM 2885), isotypes 69- 

63(SEM 2465-2466; SEM 2706, 2709) and 69-63(10) 49.2-106.1; W aldron Form ation, W enlock Series, 

Silurian, Tunnel M ill, SW V4 sec, 11, T 6N, RBE, Jennings County, Indiana.

D ia g n o s is . (Tappan & Loeblich  Jr. 1971, p. 408). "V esicle spherical, in com pression 

com m only som ew hat angular; surface gemmate, ornam ented with low, apparently solid tubercles or 

processes that occur in patches or bands separated by bare areas; tubercles low, circular in plan view, 

ranging in size from  0.7 to 1.5 p., irregularly spaced from  0.6 to 5.3 p  apart, in side view  com m only 

tending to becom e weakly aculeate, w ith small projections at the summit; in com pression or under high 

vacuum in an evaporator the areas o f bare surface tend to collapse, whereas the bands or patches carrying 

the tubercles are stronger and stand up owing to the added thiclcness o f the wall; wall thin, about 0.5 p  in 

thickness, smooth or w ith minute spherical gemmules and a fine series o f irregular ridges; excystm ent by 

a simple rupture and splitting o f the vesicle wall."

Em ended diagnosis. Excystment by relatively large, circular pylome.

Description. Vesicle laevigate, spherical to ellipsoidal, with a relatively thick, single wall. The 

vesicle surface is divided into a series o f fields by bands o f solid ornament. The ornam ent can appear 

bulbous, rounded, or parallel sided w ith capitate tips; on any single specim en the tubercles are o f
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generally  uniform  size. Excystm ent by a relatively  large, circular, pylom e, often surrounded by 

processes.

D im ensions. V =58-65pm , F= 13-35pm , PL =0.5-2pm , W =0.5-2pm , py lom e=13-15pm  (7 

specimens measured).

R em a rks . The diagnosis has been restricted  and em ended w ith regard  to the m ethod of 

excystm ent (see Psenotopus-K&mark.s above). Specimens recovered in this present study are generally 

sm aller than those forms described by Loeblich Jr. & Tappan (1971, V = 59-65pm  vs' 67-80pm ).

O ccurrence. W aldron Fonnation, W enlock Series, Silurian, Indiana (Loeblich Jr. & Tappan

1971); M uch W enlock Lim estone Form ation-Elton Group, upper W enlock-lower Ludlow series, W elsh 

B orderland (D om ing 1981a); M uch W enlock L im estone Form ation, W enlock Series, D udley, UK 

(D om ing 1983); L landovery Series, N ar borehole; Low er and Upper Visby, Hogklint (unit a) and Slite 

(unit f) form ations, Llandovery-m iddle W enlock series, Gotland (Le H érissé 1989); Coalbrookdale 

Form ation, W enlock Series, Shropshire (Turner et al. 1995); rare over the M uch W enlock Lim estone- 

Low er Elton formation boundary (Pitch Coppice Quarry and Goggin Road), present in m ost Low er Elton 

Form ation sam ples, rarer in the M iddle Elton Form ation, Goggin Road. Known range: Llandovery- 

lower Ludlow series.

Genus Pulvinosphaeridium Eisenack 1954

1978 Rhiptosocherm a  n. gen.; Loeblich Jr. & Tappan, p. 1284. (The synonymy o f this genus to 

Estiastra  proposed by Saijeant & Stancliffe 1994, p. 50 is rejected herein)

.1994 Chalaziosphaeridium  n. gen.; Sarjeant & Stancliffe, p. 48.

Type species. By original designation, Pulvinosphaeridium  pulvinellum  E isenack 1954, p. 210, 

pi. 1, fig. 10; U pper Visby M arl, upper Llandovery Series, Lickershamn, Gotland, Sweden.

D ia g n o s is .  (E isenack 1954, p. 210, translation by Sarjeant & Stancliffe 1994, p. 52). 

“H ystrichospheres whose appendages are attached broadly to the central body in such a w ay that a 

boundary does not exist between appendages and vesicle, together producing a star-shaped, branching shell 

with several arms.”

Remarks. The diagnosis o f Pulvinosphaeridium  was emended by Sarjeant & Stancliffe (1994, p. 

52), to include only those forms w ith blunt, rounded processes, in a single plane. To accom m odate 

specimens with processes in m ore than a single plane they erected Chalaziosphaeridium. This emendation 

is not fo llow ed here and the genus C h a la z io s p h a e r id iu m  is considered  a ju n io r synonym  of 

P ulvinosphaerid ium , as there appears to be no reason to restrict P ulvinosphaerid ium  to species w ith 

processes in a single plane. A lthough the holotype o f the type species, P. p u lv ine llum , has four 

processes in a single plane, the diagnosis refers to the vesicle shape as being tetiahedron-like to star-like 

(see new translation Saijeant & Stancliffe 1994, p. 53). This clearly im plies that som e specimens o f P. 

pulvinellum  have processes in m ore than a single plane. Unlike Veryhachium  and Dorsennidium , where
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the plane o f  process developm ent has som e use for creating more easily understood m orphotaxa, the 

application to genera such as Pulvinosphaeridium  accomplishes nothing.

P u lv in o s p h a e r id iu m  d o rn in g i i  sp. nov. PI. 8, figs 2-3.

p. 1970 Baltisphaeridium  cantabricum  Cramer 1964, emend.; Lister, p. 58-59, pi. 3, figs 3, 8, 

10 (only).

N am e. Species name dorningii, after K. J. D om ing who has extensively worked on B ritish 

Silurian acritarchs and prasinophyte algae.

H o lo ty p e .  PI. 8 , fig. 3; G O G 2/69-A  (2)-N 22; Low er E lton  Form ation, G oggin Road, 

M ortim er Forest, Ludlow.

D escription. V esicle poorly defined, form ed by the fusion o f the process bases, though som e 

processes have a distinct vesicle contact. W all thin, transparent or darkened; som e specim ens, usually 

the darker ones, show a linear structure w ithin the wall sub-parallel to the longest axis o f the processes. 

Processes broad based, hollow, open to vesicle interior, tapering to blunt, rounded or slightly rounded 

tips. Excystm ent mechanism  not observed.

Dimensions. V=140-240p,m, P0b=19-47|J.m, PN=6-9 (15 specimens measured).

Remarks. This species is sim ilar overall to P. oligoprojectum, which differs in having few er (3-

5), generally  broader based (37-75|Xm) processes, w hich have an indistinct vesicle contact; som e 

processes o f P. dorn ing ii sp. nov. have a d istinct contact w ith the vesicle. P u lv in o s p h a e r id iu m  

im procerum  (Loeblich Jr. 1970) Fensom e et al. 1990 is very similar to P. dorningii sp. nov. in that it 

also possesses striae parallel to the longest axis o f the processes. It differs in having m ore processes (8- 

11), which can have wrinkled or crenulate ends.

Occurrence. Low er Elton Formation, Ludlow series, Ludlow and M illichope, Shropshire (Lister 

1970, as part o f B. cantabricum)-, m iddle Low er Elton Formation, Goggin Road. Known range: low er 

Gorstian Stage.

P u lv in o sp h a e r id iu m  o lig o p ro jec tu m  D ow nie 1959 em end. PI. 7, fig. 17; PI. 8,

fig. 1.

V *  1959 Pulvinosphaeridium  oligoprojectum  sp. nov.; Downie, p. 64, pi. 10, fig. 12; pi. 12, 

fig. 12.

.1978 Pulvinosphaeridium  striatulum  sp. nov.; Kiryanov, p. 81, pi. 14, fig. 7.

1994 Chalaziosphaeridium oligoprojectum  (Downie 1959); Saijeant & Stancliffe, p. 50 (no

fig.).

H olo type. D ow nie 1959, pi. 10, fig. 12, paratype, pi. 12, fig. 12; holotype M ik(P) 12002, 

paratype, M ik(P)16001; Coalbrookdale Formation, W enlock Series, W enlock Edge, Shropshire.
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D iagnosis. (Downie 1959, p. 64). "Hollow test, walls thin, yellow-brown, surface m att, five 

broad hollow  rounded processes unite to form the ill-defined body, overall size 150 to 250p.."

Em ended D iagnosis. A  large acritarch whose poorly defined vesicle is form ed by the fusion o f 

the process bases. Som e specim ens appear thin and alm ost transparent, w hilst the wall o f others can 

appear darkened. Processes broad based, tapering to blunt, rounded tips; occasionally, along the 

processes, a linear- structure approxim ately parallel to the longest axis is visible. These linear structures 

appear to be within the wall, not an external ornament; they are generally only visible on the darker 

specimens. Excystm ent mechanism  not observed.

Dimensions. T=128-220|im , P0b=37-75|4m , PN=3-5 (12 specimens measured).

Remarks. The holotype and paratype of this taxon are thin walled and the linear wall structures 

are discernible on the paratype. The em ended diagnosis includes for-ms w ith a larger range o f processes 

(PN = 3-5) than specimens described from the W enlock Series by Downie (1959).

The taxa P. oligoprojectum  and P. pulvinellum  were considered synonymous by D ownie (1963, 

p. 638), though P. oligoprojectum  was retained and transferred to C halaziosphaeridium  by Sarjeant & 

Stancliffe (1994, p. 50). A lthough very sim ilar to P. pulvinellum , there are m arked differences that 

dictate its separation. The processes o f P. oligoprojectum  can be m ore num erous and are always rrrore 

elongate and lack the cushion-like aspect o f P. pulvinellum. The process walls o f P. oligoprojectum  also 

com m only appear striate parallel to their longest axis, whereas the holotype o f P. pulv inellum  appears 

laevigate under transmitted light; forms illusfrated as P. pulvinellum  by Le Hérissé (1989, pl. 21, figs 5-

6) have granulate processes. The author also considers these specimens are probably distinct from  P. 

pulvinellum , as they have a greater similarity to P. oligoprojectum.

P. o ligopro jectum  is sim ilar to P ulvinosphaerid ium  d orn ing ii sp. nov., w hich has m ore 

processes (PN = 6-9), which are generally narrow er (P 0 b  = 19-47p,m). P. striatulum  was included in 

synonym y w ith P. pu lv ine llum  by Le Hérissé (1989, p. 185). B ecause o f the striate nature o f the 

processes, this taxon is considered synonymous w ith P. oligoprojectum  herein.

O ccurrence. These occurrences below  are those docum ented for P. oligoprojectum  and its 

synonyms. M any taxa identified as P. pulvinellum  in the UK are likely to be P. oligoprojectum , but as 

the references lack illusttations, they have not been included. Coalbrookdale Formation, W enlock Series, 

W enlock Edge, Shropshire (Downie 1959); Silurian, Podolia (Kiryanov 1978, as P. striatulatum)'. M uch 

W enlock Lim estone-Low er Elton form ation boundary. Pitch Coppice Quarry and Goggin Road. Known 

range: Sheinwoodian-Gorstian stages.

Genus Salopidium Doming 1981a

Type Species. By original designation, Baltisphaerid ium  brevispinosum  var. gra n u life ru m  

D ow nie 1959, p. 59, pi. 10, fig. 5; C oalbrookdale Form ation, W enlock Series, W enlock Edge, 

Shropshire.
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D iagnosis. (D om ing 1981a, p. 198). "Vesicle spherical to subspherical, foveolate; several to 

num erous laevigate processes taper distally to a simple termination. Excystm ent by a straight split in the 

vesicle wall to produce two equal halves."

R em arks. In overall morphology, species o f Salopidium  resembles those o f A m m onidium  and 

Gracilisphaeridium  (see A. waldronense-h&\om).

S a lo p id iu m  g ra n u life ru m  (D ow nie 1959) D om ing 1981a PI. 8 , fig. 4.

V *  1959 Baltisphaeridium  brevispinosum  var. granuliferum  nov; Downie, p. 59, pi. 10, fig. 5.

1965 Micrhystridium granuliferum  (Downie 1959); Deflandre & Deflandre-Rigaud, fiche 

2247.

1967 Baltisphaeridium  granuliferum  Downie; M artin, p. 314, pi. 1, fig. 18.

1970 Baltisphaeridium  granuliferum  Downie 1959; Lister, p. 56, pi. 2, figs 2-5.

1981a Salopidium  granuliferum  n. comb.; Dom ing, p. 198 (no fig.).

1990 Salopidium  granuliferum  (Downie 1959) Dom ing 1981; Fensom e e ta l.,  p. 445 (no

Ag.).

H olo type. D ownie 1959, pi. 10, fig. 5; M ik(P)22001; from  the C oalbrookdale Form ation, 

W enlock Series, W enlock Edge, Shropshire.

D ia g n o s is . (Downie 1963, p. 59). "A small variety of B . brevisp inosum  w ith rela tively  

numerous processes, the test surface ornamented with small granules Ip, apart."

D escrip tio n . V esicle ellipsoidal, rarely spherical, w ith a thin, foveolate, wall. Processes 

num erous, thin, hollow , open to vesicle interior, tapering to simple, unbranched tips. Excystm ent by 

unornam ented rupture, which almost divides the vesicle in two.

Dimensions. V=18-30pm , PL=7-13pm , P0b=O.5-2.5pm  (10 specimens measured).

R e m a r k s .  This species is a lm ost iden tical to tw o o ther taxa, A. w a ld ro n e n se  and 

Gracilisphaeridium encantador Cramer 1970a. The processes of A. waldronense differ in having a rosette 

anangem ent o f short branches at their tips; processes o f G. encantador also have a rosette o f branches, 

but the branches are jo ined  together in a series o f loops. Le Hérissé (1989) described an intraspecific 

variation between two extremes o f A. microcladum  (assigned to A. waldronense  herein), w hich he also 

reported to be apparent in S. granuliferum  and G. encantador (Le Hérissé 1989; see A. m icrocladum - 

Remarks above).

The holotype o f S. granuliferum  is alm ost identical to that o f Salopidium  wenlockense  (Downie 

1959) D om ing 1981a, which was considered a jun io r synonym of Baltisphaeridium  (now P olygonium ) 

nanum  (D eflandre 1945) D ow nie 1959 by L ister (1970). The processes bases o f the holotype o f S. 

w en lockense  are slightly broader than those o f S. granuliferum , though this probably represents an 

intraspecific variation. If  the two taxa were treated as synonymous, S. wenlockense  w ould be the senior 

name.
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O ccurrence. Coalbrookdale Form ation, Shropshire (Downie 1959); upper Llandovery-low er 

W enlock series, B elgium  (M artin 1967, 1969); Ludlow  Series, Ludlow and M illichope, Shropshire 

(Lister 1970); Llandovery-lower W enlock series, Llandovery type aiea and W elsh Borderland (Hill 1974); 

L landovery Series-Low er Elton Foim ation, Ludlow Series, Britain and Ireland (A ldridge et al. 1979); 

Hughley Shales-Elton Group, Llandovery-Ludlow series, W elsh Borderland (D om ing 1981a); W enlock 

Series, Ayrshire (Dom ing 1982); low er Silurian, Ringerike, Norway (D om ing & A ldridge 1982, as S. 

cf. granuliferum)] M uch W enlock Lim estone Formation, W enlock Series, Dudley, U K  (Dom ing 1983); 

m iddle-upper L landovery Series, Llandovery type area (Hill & D om ing 1984); (Arm strong & D om ing

1984); upper L landovery-low er W enlock series, W enlock type area (M abillard & A ldridge 1985); 

L landovery-W enlock series, A ustria (Priew alder 1987); low er Silurian, R ingerike, Norw ay (Sm elror 

1987); upper Llandovery Series, Libya (Hill & M olyneux 1988); middle W enlock Series, Cheviot Hills, 

NE England (Barron 1989); upper Llandovery Series, N ar borehole-upper M ulde Form ation, upper 

W enlock Series, G otland (Le H érissé 1989); Silurian, Argentina (Rubinstein 1993); C oalbrookdale 

Form ation, W enlock Series, Shropshire (Turner et al. 1995); M uch W enlock Lim estone-M iddle Elton 

formation. Pitch Coppice Quarry and Goggin Road. Known range: Llandovery-lower Ludlow Series.

S a lo p id iu m  sp. A  PI. 8 , fig. 6 .

1989 Salopidium  granuliferum  malformés; Le Hérissé, pl. 30, figs 11-12, 17.

D e scrip tio n .  V esicle thin walled, ellipsoidal, foveolate, w ith num erous processes. The 

processes can be columnar with rounded tips or colum nar with bulbous tips, often the bulbous tips have a 

single, short spine at their apices. This spine gives the process an appearance sim ilar to the sting o f a 

scorpion. Excystm ent by unornam ented rupture, which alm ost divides the vesicle in two.

Dimensions. V=19-26p.m, PL=4-8|am, P0b=l-2|O,m (4 specimens measured).

Rem arks. Few specimens o f this taxon were recovered; sim ilar specimens were referred to as 

m alform ed S. granuliferum  by Le Hérissé (1989). It is only the colum nar or bulbous nature o f the 

processes that separates this taxon from  the otherwise identical S. granuliferum.

Occurrence, rare from the M uch W enlock Limestone-M iddle Elton formations, Goggin Road.

Genus Schismatosphaeridium Staplin, Jansonius & Pocock 1965

Type species. By original designation, Schism atosphaeridium perforatum  Staplin e ta l. 1965, p. 

179, pi. 18, figs 4-6, 11, 12; Imp. 5099- # 8 , slide 5-110.8 x 37.3; from  the U pper V isby Form ation 

(marl), upper Llandovery Series, Vastldnde, Gotland.

D iagnosis. (Staplin et al. 1965, p. 178). "Vesicle lenticular, ellipsoidal or spherical; one side 

has a rent or slit, the opposite side a round pylom e; wall firm, sm ooth or w ith m inute sculpture; no 

processes, no wall canals."
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Remarks. The split in the vesicle wall, on the opposite side to the pseudopylom e, distinguishes 

this genus from Leiosphaeridia.

S c h is m a to s p h a e r id iu m  ru g u lo s u m  D om ing 1981a emend. PI. 8, figs 7-8.

V *  1981a Schism atosphaeridium  rugulosum  n. sp.; Doming, p. 199, pi. 3, fig. 4

1989 Schism atosphaeridium  guttulaferum  n. sp.; Le Hérissé, p. 191, pi. 25, figs ?5, 6 .

1990 Schism atosphaeridium  rugulosum  D om ing 1981; Fensom e et a l ,  p. 447 (no fig.).

H olotype. D om ing 1981a, pi. 3, fig. 4; LH82K, R41/0, M PK2931; from  the C oalbrookdale 

Form ation, W enlock Series, Longhope Hill, M ay Hill, Gloucestershire (SO 695 185).

Original Diagnosis. (Dom ing 1981a, p. 199). "Vesicle subspherical, 35-40|im  across, rugulate 

to foveolate; at one pole a pore 8-10|xm wide, at the other pole a split 25-30pm  long."

E m ended D iagnosis. V esicle spherical, foveolate, shagrinate, granulate or w ith short, solid 

projections (simple, capitate and bulbous). One side o f the vesicle has a relatively large pseudopylom e, 

w ith a thickened rim ; the opposing side o f the vesicle has a unornam ented rupture (not open on all 

specim ens) which may extend across the whole vesicle. The ornament appears to be concentrated around 

the equator and is reduced or absent in the areas suiTounding the pseudopylome and rupture.

D im ensions. V=28-44|J.m, pseudopylome=5-12)J,m, ornam ent height=up to 1.5pm, W =0.5- 

1.5pm (8 specimens measured).

R em arks. The ornam ent o f this taxon is quite vaiiable, ranging between forms w ith foveolate 

and chagrinate vesicles, w ith few or no projections, to exam ples which have only solid projections. S. 

g u ttu la fe ru m  corresponds to the latter category and is considered here to be a ju n io r synonym  o f S. 

rugulosum. The diagnosis has been em ended to encompass the wider variation found in this taxon.

O ccurrence. Hughley Shales-m iddle Coalbrookdale Form ation, Llandovery-m iddle W enlock 

Series, W elsh Borderland (Dom ing 1981a); low er Silurian, Ringerike, Norway (Sm elror 1987); middle 

W enlock Series, Cheviot Hills, N E England (Barron 1989); L landovery-W enlock series boundary and 

upper W enlock Series (M ulde Fonnation), Gotland (Le Hérissé 1989); Low er Elton Form ation, Goggin 

Road. Known range: Llandoveiy-lower Ludlow Series.

S c h is m a to s p h a e r id iu m  sp. A  PI. 8 , figs 19-20.

1981a Schism atosphaeridium  petfora tum  Staplin e t a l  1965; Doming, pi. 3, fig. 3.

D escription. Vesicle ellipsoidal, rarely subspherical, laevigate or granulate. O n one side o f the 

vesicle there is a small pseudopylom e, around which is a thickened rim; positioned on the opposite side 

o f the vesicle is a linear fold or rupture.

D im ensions. V =23-29pm , W = 0.25-lpm , pseudopylom e=l-3pm , thickened rim =0.5-2pm  (15 

specimens measured).
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R em arks. This taxon was illustrated as S. perforatum  by D om ing (1981a, pi. 3, fig. 3); the 

holotype o f S. perforatum  Staplin et al. 1965, however, appears to possess a m uch larger pseudopylom e 

(c. 9pm m  diameter).

Occurrence. Lower Elton Formation, Pitch Coppice Quarry; M uch W enlock Lim estone-M iddle 

Elton formation, Goggin Road (particularly the M iddle Elton Formation).

Genus Stellechinatum Turner 1984

Type Species. By original designation, Veryhachium  celestum  M artin 1969, p. 89, pi. 3, fig. 

147, pi. 4, fig. 206, pi. 6 , fig. 252; from  the Llandovery Series-Tarannonian, Silurian, Belgium.

D iagnosis. (Turner 1984, p. 137). “Vesicle hollow  with polygonal or sub-polygonal outline. 

W all thin (< lp m ), single layered. E ight or m ore simple, hollow, proxim ally open, tapering processes 

having w ide bases, curving proxim al contacts and acum inate distal term inations. P rocess stem s 

ornam ented w ith small grana or spines that m ay becom e hair like distally. This ornam ent m ay extend 

onto the vesicle surface.”

Remarks. This genus is distinguished from  Polygonium  Vavrdova 1966 and G oniosphaeridium  

E isenack 1969 by the presence o f ornam ent on the processes, which extends onto the vesicle (Turner

1984).

Stellechinatum ? sp. A  PI. 8, fig. 5; PI. 12, figs 9-10.

D escrip tion . V esicle thin, hollow , laevigate, rhom boidal, polygonal or c ircular in  outline. 

Processes hollow, open to vesicle interior, simple, granulate or finely echinate along length. Excystm ent 

m echanism not observed.

Dimensions. V=18-25|4m, PL=18-26pm , P0b=1.5-6|a.m, PN=6-13 (13 specimens measured).

Remarks. This taxon has been provisionally assigned to Stellechinatum , as it does not conform  

to the present diagnosis. The diagnosis restricts the vesicle shape o f Stellechinatum  to polygonal or sub- 

polygonal, whereas examples recovered here can possess spherical/ellipsoidal, rhom boidal or polygonal 

vesicles. The grana and fine echinae tend also to be restricted to the processes, whereas in Stellechinatum  

they pass onto the vesicle.

Specimens assigned to Stellechinatum  ? sp. A  are similar to D. rhomboidium, D. pentagonale  

and M. inflaturn, but differ in having generally broader based processes which have an ornam ent o f grana 

or fine echinae, not fine granulations. The four taxa are easily confused as the ornam ent o f cf. 

Stellechinatum  sp. A  is not easily visible under transmitted light, even on well preserved specimens.

O ccurrence. M uch W enlock Lim estone-M iddle Elton formation. P itch Coppice Q uarry and 

Goggin Road. This taxon occurs in  very h igh num bers around the Low er-M iddle E lton form ation 

boundar y and in the centre o f the M iddle Elton Formation at Goggin Road.
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Genus Tunisphaeridium Deunff & Evitt 1968

Type species. By original designation, Tunisphaeridium  concentricum  D eunff & Evitt 1968, p. 

3, pi. 1, figs 1-12; USNM  139392 (R4.2 + 5.4); from  the M aplewood Form ation, upper Llandovery 

Series, Silurian, Genesee River, Rochester, New York. [Taxonomic senior synonym: Baltisphaeridium  

(now Tunisphaeridium) tentaculaferum  M artin 1967, p. 312, pi. 1 fig. 23 according to C ram er (1970a, p. 

192) and Eisenack e ta l. (1973, p. 1057-1059)].

D iagnosis. (D eunff & Evitt 1968, p. 2). "Acritarchs with an overall spherical to ellipsoidal or 

pyriform  outline com posed o f a central sphaeroidal [fie] vesicle bearing num erous rodlike, apparently 

solid, processes whose extremities are interconnected by a diaphanous m em brane alone, by a m em brane 

reinforced w ith a netw ork o f faint to conspicuous filaments that radiate from  the process tips, or by such 

filaments w ith only tiaces o f a membrane. No pylome observed."

R em arks . An outer m em brane, supported by the processes and surrounding the vesicle, 

distinguishes this genus from any other.

T u n isp h a e rid iu m  te n ta c u la fe ru m  (M artin 1967) C ram er 1970a PI. 8, fig. 10.

1967 Baltisphaeridium  tentaculaferum  nov. sp.; M artin, p. 312, pi. 1, fig. 23, text-fig. 3.

1968 Tunisphaeridium  concentricum  n. sp.; D eunff & Evitt, p. 3, pi. 1, figs 1-12.

1966a Tunisphaeridium venosum  D eunff 1965; Cramer, p. 235 (no fig.) {nomen nudum).

1968a Tunisphaeridium  venosum  D eunff 1966(7); Cramer, p. 66, pi. 1, fig. 5 {nomen nudum).

1970a Tunisphaeridium tentaculiferum  (M artin 1967) Cramer (New Combination); Cramer, p. 192-

193, pi. 6 , figs 105-106, 108-109.

1990 Tunisphaeridium tentaculaferum  (M artin 1967) Cram er 1970; Fensom e e ta l ,  p. 498 (no fig.).

H olotype. M artin 1967, pi. 1, fig. 23; preparation 1508; from  the Silurian, outcrop 12, Parc 

de Neuville-sous-Huy, Belgium.

D iagnosis. (Cram er 1970a, p. 192). "Central body spherical, hollow; clearly differentiated 

from  the processes. N um erous (30 to 40, rarely up to 50) slender, cylindrical processes are present; 

about ten are visible in optical section. The processes appear to be solid. D istally, the processes are 

interconnected by a m ore or less regular set o f com plex pinnae form ing an open-m azed net w hich is 

concentric w ith the central body. The net varies from  widely mazed in which the braided pinnae are 

relatively unbranched, to a net in which the pinnae are highly branched secondarily and the m azes o f the 

net are narrow."

D escription. M ost specimens fragm ented or poorly preserved. Vesicle ellipsoidal, thin walled, 

alm ost transparent. Processes solid, wiry, w ith slightly expanded bases; process tips are com plexly 

branched to form a net-like structure, which, in well preserved specimens, encom passes the inner vesicle. 

In poorly preserved specimens the m ajority o f this net-like structure is m issing, w ith only fragm ents 

being attached to individual processes. A n excystm ent structure was not directly observed, but what
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appeared to be several unattached, circulai', opercula, w ith processes, were observed, suggesting that 

excystm ent takes place via a relatively large, circular pylome.

Dimensions. V=22-32|4m, PL=10-18|4m (8 specimens measured).

Remarks. The species Tunisphaeridium  venosum  Deunff, a nomen nudum, was described in a 

preprint inform ally distributed by the CIM P (group 9, acritarchs) in  M ay 1965. The specific epithet o f 

this taxon has also been m isspelt as tentaculiferum  (e.g. Cramer 1970a, C ram er & D iez 1972).

Occurrence. M aplewood Formation, upper Llandovery Series, New Y ork (Evitt 1961, C ram er 

1968a, D eunff & Evitt 1968); upper Llandovery Series, Belgium  (M artin 1966a, 1967); San Pedro 

Form ation, upper Ludlow Series, NW  Spain (Cram er 1966a); M aplewood Formation, upper Llandovery 

Series, New Y ork (Cram er 1968a); Red M ountain Form ation, L landovery Series, Alabam a, Georgia; 

C rab O rchard Form ation, upper L landovery Series, Kentucky; O sgood and A lger shales, upper 

Llandovery, Kentucky, Indiana and Ohio; subsurface m aterial (?late upper Silurian), Libya; N eahga 

Shale, upper Llandovery Series, New York and Ontario (Cramer 1970a); subsurface Florida (Llandovery- 

Prfdolf series); M aplewood and Neahga formations, upper Llandovery Series; Osgood Formation, upper 

L landovery Series, Kentucky; basal R ed M ountain Formation, lower-upper L landovery Series; R ose Hill 

Form ation, upper Llandovery Series, Virginia; W aldron Formation, upper W enlock Series, Indiana and 

Kentucky (Cram er & Diez 1972); Devonian, Ontario (Legault 1973); Rochester Form ation, W enlock 

Series, O ntario (Thusu 1973a); Ilion Shale, W enlock Series, New Y ork (Thusu 1973b); Llandovery- 

low er W enlock series, Llandovery type area and W elsh Borderland (Hill 1974); Ludlow Series, A lgeria 

(Jardiné et al. 1974); Low er-M iddle Devonian, M oose R iver Basin, Ontario, Canada (Playford 1977); 

U pper Visby-Hogklint foim ations, lower W enlock Series, Gotland (Cramer et al. 1979); Turkey (Erlonan 

&  B ozdogan 1979); S ilica Form ation, G ivetian Stage, Ohio (W icander & W ood 1981); Los Espejos 

Form ation, low er Ludlow Series, Argentina (Pothé de Baldis 1981); upper Llandovery-low er W enlock 

series, W elsh Borderland (Dom ing 1981a); M iddle Devonian, Ohio (W icander & W right 1983); m iddle 

Llandovery Series, Llandovery type area (Hill & D om ing 1984); upper Llandovery-lower W enlock series, 

W enlock type area (M abillard & Aldridge 1985); Haragan Form ation, Low er D evonian, O klahom a 

(W icander 1986); low er Silurian, R ingerike, N orw ay (Smelror 1987); L landovery Series, Libya (Hill & 

M olyneux 1988); Llandovery-W enlock series, Gotland (Le Hérissé 1989); rare over the M uch W enlock 

Lim estone-Low er Elton form ation boundary (Pitch Coppice Quarry and Goggin Road) and low er Elton 

Form ation (G oggin Road), becom ing m ore com m on in the upper M iddle Elton Form ation (G oggin 

Road). Known range: Llandovery Series-M iddle Devonian.

Genus Veryhachium Deunff 1954b emend. Sarjeant & Stancliffe 1994

Type species. By subsequent designation, Hystrichosphaeridium trisulcum  D eunff 1951, p. 322, 

fig. 3; phosphatic nodule base, Kermeur sandstone, Caradoc Series, Crozon Peninsula, Brittany.

D ia g n o s is . (Sarjeant & Stancliffe 1994, p. 33). "V esicle cushion-shaped, triangu lar to 

quadrangular in outline, w ith sides convex to concave, eilym a thin, single-layered or apparently so. 

Spines arise from  the angles and proxim ally m erge so smoothly w ith the vesicle w all that no exact lim it
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can be set on their bases. They are arranged in  a single plane, though a single accessory spine o f 

m arkedly sm aller size m ay be developed on one surface o f the vesicle. Spines hollow , cuneiform  to 

acum inate in shape and uniform  in size or nearly so; distally they are closed, sim ple and pointed. The 

spine cavity communicates freely w ith the interior o f the vesicle. Surface o f vesicle and spines laevigate 

to granulate, but w ithout verrucae, striae or secondary spinelets. Escape structure, w here developed, 

typically an epityche but, in quadrangular forms, may be a linear slit."

Remarks. A  comprehensive list o f authors who have emended the diagnosis o f this genus, and a 

historical background, is given by Saijeant & Stancliffe (1994, p. 6-10, 33) and by Stancliffe & Saijeant 

(1995, p. 223-225, 229). The latest em endation to the diagnosis stipulates that species assigned to 

V eryhachium  m ust have processes in a single plane. This distinguishes it from  D orsennid ium , w hich 

generally have processes in m ore than a single plane, though there are exceptions (see Dorsennidiurn- 

Remaiics above).

The constituent species o f V eryhachium  were recently assessed and reassessed (Sarjeant & 

Stancliffe 1994, Stancliffe & Saijeant 1995). Two subgenera were distinguished, Veryhachium  subgenus 

Veryhachium  and Veryhachium  subgenus Tetraveryhachiunv, recognised by the presence o f three or four 

processes respectively. The 65 species assigned to Veryhachium  in Sarjeant &  Stancliffe (1994) were 

reduced to 34 in Stancliffe & Sarjeant (1995) by grouping species with sim ilar m orphologies together. 

These groups were based on several m orphological features (shape, excystm ent m ethod, process-vesicle 

contact, wall structure, process number, process shape and structure, ornament, ulti astincture, dimensions, 

clustering and vaiiety). Species were divided into eight categories, four in each subgenera, with two extra 

categories, one in each subgenus, for taxa that could not be placed in the other groups. To each o f these 

categories typical species w ere assigned, to w hich other, m orphologically  sim ilar, species were 

synonymised. A lthough probably correct in their assertion that Veryhachium  contained too many species 

for such a simple m orphology, Stancliffe & Saijeant (1995) appeal- to have forced species together with, 

seemingly, little regal'd for the subtle features on which the species were erected and, thus, the proposed 

categories aie not used herein.

V e ry h a ch iu m  tr is p h a e r id iu m  D ow nie 1963 emend. PI. 8 , fig. 14.

1959 Veryhachium trispinosum  (Eisenack); Downie, pi. 12, fig. 7.

1963 Veryhachium trispinosum  (Eisenack); Downie, p. 636 (no fig.).

V *  1963 Veryhachium trisphaeridium  sp. nov.; Downie, p. 637, pi. 92, fig. 7.

1990 Veryhachium trisphaeridium  Downie 1963; Fensome et al., p. 525 (no fig.).

1994 Veryhachium trisphaeridium  Downie 1963; Saijeant & Stancliffe, p. 35 (no fig.).

1995 Veryhachium trisphaeridium  Downie 1963; Stancliffe & Saijeant, p. 234 (no fig).

O riginal diagnosis. (Downie 1963, p. 637). "A species o f V eryhachium  w ith three sim ple 

spines and an equilateral thin walled subtriangulai' test. The spines aie equal in length or longer than the
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sides o f  the test. The test is constricted midway between the spine bases form ing a Y -shaped furrow  

clearly visible when the spines are m ore or less in the same plane."

E m ended  d iagnosis. V esicle laevigate, triangular, w ith straight or slightly convex sides. 

Processes slender, straight or slightly flexuous, hollow , open to vesicle interior; laevigate or finely 

granulate. Excystm ent via an epityche.

Dimensions. V=12-24p,m, PL=16-39|Xm, P0b=l-3|O, (13 specimens measured).

R em arks. The characteristically inflated vesicle of V. trisphaeridium , illustrated by D ow nie 

(1963, pi. 92, fig. 7), has been found in specimens recovered during the present study and appears to be 

the result o f preservation. It was decided to use the name trisphaeridium  for those simple, three spined 

veryhachiids recovered here, as the type m aterial comes from  the W enlock Series o f Shropshire. V. 

trisphaerid ium  may prove to be synonymous w ith other, similar, three spined taxa (e.g. Veryhachium  

tr isp in o su m  (E isenack 1938) Stockm ans & W illière 1962a or Veryhachium  dow niei Stockm ans & 

W illière 1962a); it is treated as separate until re-examination o f all the holotypes.

U nder the classification o f Stancliffe & Sarjeant (1995), forms assigned to this species would be 

placed in  category 2 (forms w ith small vesicles and long processes) and would probably be assigned to 

Veryhachium (Veryhachium) triqueter Saijeant 1973, which typifies this category.

O ccurrence. W enlock Series, Shropshire (Downie 1959, 1963); M uch W enlock Lim estone- 

M iddle E lton form ation. P itch Coppice Quarry and Goggin Road. Known range; W enlock-Ludlow

Genus Visbysphaera Lister 1970 emend. Kiryanov 1978 
emend. Le Hérissé 1989

Type Species. By original designation, Baltisphaeridium  dilatispinosum  D ow nie 1963, p. 642, 

pi. 92, fig. 4; sam ple BS/3, Buildwas Form ation, W enlock Series, W enlock Edge, Shropshire [senior 

synonym = Visbysphaera pirifera  (Eisenack 1954) Kiryanov 1978].

Diagnosis. (Translated from  Le Hérissé 1989, p. 199). "Vesicle spherical to subspherical, w all 

double layered, thickness variable, sm ooth or lightly ornamented, numerous heterom orphic processes, 

hollow , form ed by the thin external wall, length  o f processes less than ha lf vesicle diam eter; the 

processes, which do not com m unicate w ith the vesicle interior, are generally expanded distally: on all 

their length (pyriform ornament) w ith the median part (spinose ornament) or distally (club like ornam ent 

w ith rounded extrem ities); the processes are sim ple, sim ply bifurcate, w reathed in short spines or 

filam entous spines disposed in the sam e plane, som etim es anastom osing, the processes are random ly 

distributed, w ithout preferential orientation, or are aligned along the crests or folds o f the wall, delineating 

sm ooth polygonal areas (restricted distribution). Several species show an endopylom e opening, w ith a 

sim ple split, as the equivalent to the pylome, on the external wall."

Remarks. This genus was considered a junior synonym of M ultiplicisphaeridium  by Eisenack et 

al. (1973, p. 1075), but was retained by K iryanov (1978), and differs in  having two w alls and short, 

spinose or club-like processes.
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V isb y sp h a e ra  m ic ro sp in o sa  (Eisenack 1954) L ister 1970 G roup PI. 8 , figs 16-17;

PI. 12, figs 12-14.

1954 Hystrichosphaeridium  microspinosum  n. sp.; Eisenack, p. 209-210, pi. 1, fig. 8.

1959 Baltisphaeridium  microspinosum  (Eisenack); Downie, p. 60, pi. 10, fig. 10.

1963 Lophosphaeridium  m icrospinosum  (Eisenack); Downie, p. 632, pi. 92, fig. 11.

nonv. 1970 Visbysphaera m icrospinosa  (Eisenack 1954) comb, nov.; Lister, p. 99-100, pi. 13,

figs 11, 12, text-fig. 19g, m.

1971 Buedingisphaeridium microspinosum  (Eisenack 1954a); Gardiner & Vanguestaine, p.

183-184, (invalid combination).

1973 Baltisphaeridium  microspinosum  (Eisenack 1954); Eisenack et a l ,  p. 145-146.

1978 Baltisphaeridium  listeri sp. nov.; Kiryanov, p. 26-27, pi. 9, fig. 11, pi. 10, fig. 1.

1987 Visbysphaera  cf. microspinosa  (Eisenack 1954) Lister 1970; Priewalder, p. 62, pi. 16,

figs 2-4, pi. 21, fig. 4.

1989 Visbysphaera microspinosa  (Eisenack) group; Le Hérissé, p. 210-211, pi. 29, figs 9- 

14.

1990 Visbysphaera microspinosa  (Eisenack 1954a) Lister 1970; Fensom e e ta l ,  p. 531 (no 

G g).

H olotype. E isenack 1954, pi. 1, fig. 8 ; EC(SM F) preparation E l ,  Gotland, No. 5; from  the 

Upper Visby Formation, upper Llandovery Series, Lickershamn, Gotland.

Diagnosis. (E isenack 1954, p. 209-In German).

D escription. V esicle spherical to ellipsoidal, w ith a m oderate to thick wall, bearing a range of 

ornam ent (granulations, spines or baculae); ornam ent apparently solid in m ost cases, though some does 

appear- hollow. The cavities o f hollow  processes are not open to the vesicle interior. W ith a SEM , the 

vesicle surface between the ornam ent can be sm ooth or show a series o f sm all, irregularly  arranged 

grooves (also recorded by L e H érissé 1989); under transm itted ligh t the vesicle appears laevigate. 

Excystm ent via urrornamented rupture.

Dimensions. V -37-67|4m , OH=upto 3.5p,m, W = l-2 .5pm  (17 specimens measured).

Rem arks. Specimens assigned to the V. m icrospinosa  G roup display a variety o f ornam ent, 

from  fine granulations, baculae, to short or long spines. This variation is alm ost identical to that 

illustrated in material from Gotland by Le Hérissé (1989).

O ccurrence . U pperm ost Ludlow  Series, Estonia (E isenack 1954); U pper V isby M arl, 

Llandovery, Gotland (Eisenack 1954, 1955, 1965a & b, 1969); Buildwas and Coalbrookdale formations, 

W enlock Series, W enlock Edge, Shropshire (D ow nie 1959, 1963); Ludlow  Series, Ludlow  and 

M illichope (L ister 1970); M uch W enlock Lim estone-D ow nton Castle Sandstone form ations, upper 

W enlock-Prfdolf series, Ludlow (L ister & D ow nie 1974); Llandovery-low er W enlock series, W elsh 

B orderland (H ill 1974); upper L landovery -W enlock series, Podolia (K iryanov 1978); B uildw as 

Form ation, low er W enlock Series, W elsh Basin (Aldridge et al. 1981); low er Silurian, Norway (D om ing
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& Aldridge 1982); upper Llandovery-low er W enlock series, W enlock type area (M abillard & A ldridge

1985); L landovery Series, L ibya (H ill et al. 1985); upper Ludlow -low er Prfdolf series, A ustria  

(Priew alder 1987); basal Llandovery (Aeronian Stage); low er Silurian, R ingerike, Norw ay (Sm elror 

1987); Visby Formation, Llandovery-W enlock series; Hogklint (units a & b), Slite (unit d, mari, m arl o f 

NW ) and basal M ulde formations, Sheinwoodian and Homerian stages, W enlock Series (Le Hérissé 1989). 

Specimens recovered from the Ordovician by Gorka (1969) and Kjellstrom (1971) were considered to be 

distinct from  V. m icrospinosa  by L e H érissé (1989); C oalbrookdale Form ation, W enlock Series, 

Shropshire (Turner et al. 1995, as V. m icrospinosa  group); M uch W enlock Lim estone-M iddle Elton 

formation. Pitch Coppice Quarry and Goggin Road. Known range: Llandovery-Prfdolf series.

V isb y sp h ae ra  p ir i fe ra  (Eisenack 1954) K iryanov 1978 PI, 8, fig. 15.

1954 H ystrichosphaeridium  pirifera  n. sp.; Eisenack, p. 206-207, pi. 1, figs la , b, text-fig.

1 .

V *  1963 Baltisphaeridium  dilatispinosa  sp. nov.; Downie, p. 642, pi. 92, fig. 4.

1963 Baltisphaeridium  piriferum  (Eis. 1954) comb, nov.; Downie & Saijeant, p. 90 (no

fig.) (invalid combination, basionym not fully referenced).

1965 Baltisphaeridium  piriferum  (Eisenack 1954); Downie & Sarjeant, p. 94 (no fig.).

1968 Baltisphaeridium  hermosum  n. sp.; Cram er & Diez, p. 567, pi. 3, figs 4-7 (nomen

nudum).

1970 Visbysphaera dilatispinosa  (Downie 1963) comb. nov. emend.; Lister, p. 98-99, pi.

13, fig. 16, text-figs 19j, 27f.

1973 M ultiplicisphaeridium  dilatispinosa  (Downie 1963); Eisenack e ta l ,  p. 611.

1973 M ultiplicisphaeridium piriferum  piriferum  (Eisenack 1954); E isenack et a l ,  p. 737-

739

1978 Visbysphaera pirifera  var. pirifera  (Eisenack 1954); Kiryanov, p. 89-90, pi. 12, figs 2, 

3, 5.

1990 Visbysphaera dilatispinosa  (Downie 1963) emend. Lister 1970; Fensom e et a l ,  p. 530 

(no fig.).

1990 Visbysphaera pirifera  (Eisenack 1954a) ICiryanov 1978; Fensom e et a l ,  p. 531 (no

fig.).

Holotype. E isenack 1954, pi. 1, figs la , b; preparation E  1; from  the U pper Visby Formation, 

upper Llandovery Series, Lickershamn, Gotland.

Diagnosis. (Kiryanov 1978, p. 89-In Russian).

D escription. Vesicle spherical, ellipsoidal or subspherical, thicker walled than processes, often 

folded; laevigate under transm itted light, laevigate or slightly roughened w ith a SEM . Processes 

generally broad based, circular in cross-section, w ith m ost possessing expanded, echinate tips; the 

processes are hollow  and closed to the vesicle interior. The processes may be random ly positioned over
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the vesicle surface, or m ay be concentrated along lineai- folds in the vesicle wall. Excystm ent mechanism  

not observed.

Dimensions. V=36-53)J,m, PL=5-18|0,m, P 0 b = 1 .5 -ll |am , W  = < l |im  (10 specimens m easured).

Remarks. A lthough Lister (1970) proposed the transfer o f this species to Visbysphaera, he did 

not clearly  use the nam e V. p irifera  and the com bination was therefore not validly published. V. 

dilatispinosa  was considered a junior synonym  V. p irifera  by Eisenack (1965a, p. 263); E isenack e t al. 

(1973, p. 611) stated that V. dilatispinosa  was "probably a practical jun io r synonym  of M. piriferum ", 

this raised som e uncertainties over the synonym y, leading Fensom e et al. (1990, p. 530, 531) to treat 

them  as distinct. The argument for the retention of the two taxa as distinct has been based on the fact that 

the echinae present on the process tips o f V. dilatispinosa  are not visible on the holotype o f V. pirifera, 

w hich m ay be due to pyrite deform ation. The presence-absence o f echinae is regarded here as an 

intraspecific characteristic and V. pirifera  and V. dilatispinosa  are considered synonymous, as they are in 

L e Hérissé (1989, p. 212), who provides a com prehensive synonymy list.

Those specimens described and illustrated as Baltisphaeridium  cf. dilatispinosum  from the middle 

Ordovician by Burmann (1970, p. 310, pi. 12, fig. 4) are considered here to be distinct from V. pirifera.

O ccurrence. U pper L landovery-low er W enlock Series, G otland (E isenack 1954, 1965a); 

B uildw as Form ation, W enlock Series, Shropshire (Downie 1963); Silurian, B elgium  (M artin 1967,

1969); San Pedro and Furada formations, Ludlow Series, N W  Spain (Cram er 1964b, 1966a & b, 1969b; 

C ram er & D iez 1968); Gotlandian (S ilurian), A labam a (Cram er 1968b); Tuscarora and R ose H ill 

form ations, upper Llandovery Series, Pennsylvania (Cram er 1969a); M uch W enlock Lim estone-Low er 

E lton  form ations and W hitc liffe  Group, W enlock-Ludlow  series, L udlow  (L ister 1970); A lger 

Form ation, upper L landovery Series; E still Shale, upper L landovery Series; subsurface F lo rida  

(Llandovery-Prfdolf series); Jupiter Formation, upper Llandovery; Osgood Foim ation, upper Llandovery, 

K entucky; Q uoddy Form ation, upper L landovery Series; Red M ountain Form ation, low er-upper 

L landovery Series; Rochester Form ation, W enlock Series; Rose Hill Form ation, upper Llandovery, 

Pennsylvania and V irginia; W aldron Form ation, upper W enlock Series, K entucky (Cram er & D iez

1972); R ochester Form ation, W enlock Series, O ntario (Thusu 1973a); Ilion Shale, W enlock Series, 

New Y ork (Thusu 1973b); M uch W enlock Lim estone-Downton Castle Sandstone form ations, W enlock- 

Prfdolf series, Ludlow (Lister & Downie 1974); upper Llandovery-low er Ludlow  series, Britain and 

Ireland (Aldridge et al. 1979); Buildwas Formation, low er W enlock Series, W elsh Basin (Aldridge et al. 

1981); W enlock Series, Dudley, England (Eisenack 1965a, Dom ing 1983); Silurian, M oscow and Baltic 

(Um nova 1975); Silurian, Podolia (Kiryanov 1978); Rochester Formation, Indiana, Ohio and Kentucky; 

Red M ountain Formation, Georgia, A labam a and Tennessee; Rose Hill Formation, Pennsylvania; Crab 

Orchard Formation, Tennessee; Llandovery-Ludlow series borehole, Florida, L ibya and Tunisia (Cram er 

1970a, C ram er & D iez 1972); T anezzuft and A cacus form ations, W enlock-Ludlow  series, L ibya 

(R ichardson & loannides 1973); Llandovery-low er W enlock series, W elsh B orderland (H ill 1974); 

Ludlow Series, A lgeria (Jardiné e t al. 1974); upper Ludlow Series, Sahara (Jaidiné & Yapaudjian 1968); 

U pper V isby-H ogklint form ations, low er W enlock Series, Gotland (Cram er et al. 1979); L landovery- 

basal Ludlow series, W elsh Borderland (D om ing 1981a); W enlock Series, A yrshire (D om ing 1982);
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low er Silurian, Ringerike, Norway (Dom ing & Aldridge 1982); upper Llandovery-lower W enlock series, 

W enlock type area (M abillard & Aldridge 1985); low er Silurian, Ringerike, Norw ay (Sm elror 1987); 

Lower, U pper Visby and H ogklint formations, Llandovery-W enlock Series, Gotland (Le Hérissé 1989); 

M uch W enlock Lim estone-Lower Elton form ation boundary (Pitch Coppice Q uairy and Goggin Road), 

decreasing in abundance through the Low er Elton Formation, with only sparse occunences in the M iddle 

Elton Form ation (Goggin Road). Known range: Llandovery-Prfdolf series.

V is b y s p h a e ra  sp. A PL 8 , fig. 18.

V ? 1970 Visbysphaera oligofurcata  comb, nov.; Lister, p. 100, pi. 13, figs 14-15, text-fig. 19k.

D escrip tion . V esicle spherical to ellipsoidal, thin to m oderately thick walled, laevigate to 

rugulate under transm itted light. Numerous, thin, slender processes, with expanded bases, arise from  the 

vesicle surface. M ost appeal' solid, though som e are hollow; the cavities o f the hollow  processes are not 

open to the vesicle interior. The processes may be simple spines, though are m ore com m only columnar, 

w ith bulbous, rarely branched tips. Excystm ent by laige, unornamented, rupture, w hich alm ost divides 

the vesicle in two.

D im en sio n s . V=31-60p,m, PL =1.5-5.5 |am , P0b=O.2-O.5|Lim, W = 0.5-lp ,m  (5 specim ens 

measured).

Rem arks. This taxon is very rare and only a few specimens were found in the present study. It 

differs from  V. m icrospinosa  in possessing fewer, thinner processes, which are generally longer; these 

m ay have expanded, bulbous tips, w hich can be rarely branched. M ost specim ens recovered possess a 

large, unornam ented, rupture in the vesicle wall. Forms from  the Upper W hitcliffe Form ation, assigned 

to V. oligofurcata  by Lister (1970), appeal' morphologically similai' to those fo m s  recovered herein.

Occurrence. Rare in the M uch W enlock and Lower Elton formations, Goggin Road.
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BIOSTRATIGRAPHY

INTRODUCTION

A t present it is the graptolites that have been studied to the highest degree and have proven to be 

the m ost effective group for Silurian biostratigraphy. A  number o f other biozonation schemes based on 

different groups have recently been proposed (conodonts-Aldridge & Schonlaub 1989, acritarchs-M artin 

1989, chitinozoans-V  erniers e ta l.  1995). The distiibution o f graptolites is, however, generally restricted 

to basin  or sh e lf edge deposits. The po ten tia l o f using acritarchs and prasinophyte  algae in 

biostratigraphy is being realised to a greater extent, though little intensive w ork has been completed. As 

the m ajority  o f acritarchs and prasinophyte algae were probably planktonic, perhaps phytoplanktonic 

(M artin 1993, Colbath & G renfell 1995), w ith som e having evolutionary links to the dinoflagellates 

(M oldowan et al. 1996), and as they have a maxim um  diversity and abundance w ithin open m arine shelf 

environm ents (e.g. Staplin 1961, D om ing 1981a), they should becom e increasingly im portant in future 

biostratigraphic work.

PREVIOUS BIOSTRATIGRAPHIC SCHEM ES

The m ajor biostratigraphic schemes for the Ludlow Series are based on benthic m acrofossils 

(type area only), graptolites, acritarchs, chitinozoans and conodonts. Schemes for the Gorstian Stage in 

the Ludlow area are described below and illusfrated in Text-fig. 3.1:

BENTHIC MACROFOSSILS. The benthic macrofossils o f the Ludlow Series (Lawson 1960, Holland et al. 

1963, C alef & H ancock 1974, Law son 1975, W atkins 1979) are recognised to be environm entally  

controlled. The benthic fauna o f the Ludlow Series at Ludlow is divided into one assemblage for each of 

the Elton, Bringewood, Leintwardine and W liitcliffe groups (Lawson 1975). It is recognised that a m ore 

refined subdivision o f up to nine assemblages is possible, one for each o f the form ations (Holland et al. 

1963). There are similarities between these assemblages and the diachronous, environmentally controlled, 

brachiopod dom inated assemblages described by Ziegler et al. (1968) for the Llandovery Series. The 

assem blages o f the Ludlow  Series appear less diachronous as they do not extend beyond biozones 

established by m ore reliable index fossils (Lawson & W hite 1989, p. 77).

In the upper, nodular, part o f the M uch W enlock Lim estone Form ation crinoid colum nals are 

com m on, along w ith the brachiopods A trypa  reticu laris  (L innaeus) and L ep taena  rhom bo ida lis  

(W ilckens). Corals are represented by F avosites  spp. and H eliolites interstinctus  (Linné), w ith the 

trilobites C alym ene  sp., D alm inites m yops (Konig) and P oleum itia  d iscors  (J. Sow erby) also being 

recorded.

M any com ponents o f the Hom erian shelly benthos persist into the Low er Elton Form ation 

(Favosites spp., H. interstinctus, A. reticularis, L. rhomboidalis) and Reserella  cf. elegantula  (Dalman) 

becom es m ore im portant. Im portant taxa include dalm inellids, Aegiria grayi (Davidson), D icoelosia
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biloba  (Linnaeus), Glassia  sp. and Gypidula  of. galeata  (Dalman). In general the size and abundance o f 

individuals decreases over the Wenlock-Ludlow series boundary.

A t the Low er -M iddle E lton form ation boundary there is a change from  a brachiopod to 

graptolite/orthocone dom inated fauna. B rachiopods are still found, including A. grayi and H em siella  

m accoyana  (Jones), but are small in size. The h ilobite D. myops is found, som etim es in bands o f quite 

large numbers.

In the U pper Elton Form ation graptolites and orthocones continue to dom inate, though no t to 

the  sam e ex ten t as in  the M idd le  E lton  F orm ation . B rachiopods found  inc lude  A. g rayi, 

M esopholidostrophia lepisma  (J. de C. Sowerby), Strophonella  euglypha  (D alm an), H. m accoyana, 

Shagamella m inor (Salter) and Lingula lata J. de C. Sowerby.

A t the base o f the Low er Bringew ood Form ation, graptolite/orthocone faunas are replaced by 

diverse and abundant brachiopod faunas. Stiophomenid brachiopods become m ore common and important 

taxa include M. lepisma, Leptostrophia filo sa  (J. de C. Sowerby), Protochonetes ludloviensis  M u ir- 

W ood, S. euglypha, Gypidula lata A lexander, A. reticularis, Leptaena depressa  (J. de C. Sowerby), S. 

minor, Am phistrophia funicula ta  (M 'Coy), Sphaerirhynchia wilsoni (J. Sowerby), Isorthis orbicularis (J. 

de C. Sowerby), Poleumita globosa  (Schlotheim), Howellella elegans (M uir-W ood), H. maccoyana  and 

D. myops.

The brachiopod K irkidium  knightii (J. de C. Sowerby) occurs at its highest abundance within 

the U pper B ringew ood Form ation, occasionally  in coquinas, and the  tabu late  corals F a v o s ite s  

g o th la n d icu s  Lam ark and H. interstinctus  are found in bands. M any taxa im portant in the Low er 

B ringew ood Form ation continue to be so in the U pper B ringew ood Form ation. A bove this level 

Favosites  spp., D. myops, A. funiculata, G. lata, S. euglypha, M. lepisma, P. globosa  are absent or rare.

Im portant taxa in the Low er Leintwardine Form ation are S. wilsoni, A. reticularis, L. depressa, 

I. orbicularis, S. minor, D ayia navicula  (J. de C. Sowerby), M icrosphaeridiorhynchus nucula  (J. de C. 

Sowerby), Salopina lunata  (J. de C. Sowerby), P. ludloviensis, H. elegans and Orbiculoidea rugata  (J. de 

C. Sowerby). In this formation brachiopods are dominant, often occurring in coquinas.

GRAPTOLITES. The British graptolites o f the W enlock and Ludlow series have been extensively studied 

(e.g. Lapw orth 1880, W ood 1900, Elies & W ood 1901-1918, Holland e ta l.  1969, R ickards 1976, 1989, 

1995). The graptolites are the m ost im portant group in Silurian correlation, w ith the Silurian being 

divided into 42 zones, giving an average o f 0.7 M a per zone (Rickards 1995, p. 135).

The P ristiograptus lludensis  (M urchison) B iozone is the youngest biozone o f the W enlock 

Series (Text-fig. 3.1), through w hich a decline in graptolite diversity, but not abundance, occurs to  the 

point o f near extinction (Rickards 1989, p. 272).

In the Gorstian Stage there is an increase in diversity with the introduction o f m any new genera 

(Rickards, 1989). The base o f the Ludlow Series is believed to be practically coincident w ith the base of 

the N eodiversograptus nilssoni B iozone (W hite, 1981). This conclusion is based on the recovery o f 

poorly preserved ISaetograptus varians (Wood) and INeodiversograptus nilssoni (Barrande) from  0.03 m  

and 0.23 m  above the base o f the Low er E lton Form ation at Pitch Coppice Q uarry (W hite, 1981).
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Further evidence comes from  the discovery of a well preserved M onograptus uncinatus (Tullberg) orbatus 

W ood, indicative o f the nilssoni B iozone, from  approxim ately 3 m  above the base o f the Low er Elton 

Form ation at M illichope near M uch W enlock, Shropshire (W hite, 1974). Other genera associated w ith 

the nilssoni Biozone are Colonograptus colonus (Barrande), Colonograptus varians varians (W ood) and 

Spinograptus spinosus  (W ood), all o f w hich occur in the low est M iddle Elton Form ation (Law son & 

W hite 1989, p. 79).

H igher in the M iddle Elton Formation Saetograptus chimaera chimaera (Barrande), Sàetograptus 

chim aera sem isp inosus  (Elies & W ood) and P ristiograptus dubius  (Suess) occur, all o f w hich are 

assignable to the Lobograptus scanicus B iozone (Lawson & White, 1989).

The tum escenslincipiens  B iozone is identified in the U pper Elton Form ation by Pristiograptus  

tumescens (Wood), and Holland et al. (1963) recorded M onograptus leintwardinensis incipiens (W ood) in 

the U pper Bringew ood Form ation. A  decline in graptolite abundance occurs in the Low er and U pper 

B ringew ood formations (Lawson & W hite, 1989).

W ith in  the Low er and U pper L ein tw ardine form ations g rap to lite  abundance increases. 

Saetograptus leintw ardinensis  (H opldnson) occurs throughout, especially in the U pper Leintw ardine 

Form ation (Lawson & W hite, 1989).

CONODONTS. The first conodont biostratigraphic schem e for the Silurian System  was developed by 

W alliser (1962, 1964, 1971), and the British Silurian conodonts have been described by A ldridge (1975,

1985). The biozones o f W alliser are based on m aterial recovered, m ainly, from  the Cellon Section, 

C arnic A lps, A ustria. A ldridge & Schonlaub (1989, fig. 173) based the ir prov isional reference 

biozonation (Text-fig. 3.1) on the scheme of W alliser (1964).

Ozarkodina bohemica bohemica (Walliser) is recorded in the W enlock Series o f the type area and 

only h igher in B ohem ia {nilssoni graptolite Biozone, see A ldridge & Schonlaub 1989, p. 277) and a 

borehole from  W enlock Edge, Shropshire (Aldridge, pers. comm.). In the Ludlow type area conodonts are 

rare across the W enlock-Ludlow series boundary, w ith generally only long ranging taxa being present 

{Ozarkodina confluens (Branson & Mehl), Ozarkodina excavata (Branson & Mehl), Panderodus spp.).

The A n c o ra d e lla  p lo e cken s is  B iozone has yet to be identified  in the B ritish  Isles, or 

conclusively in Gotland, though it is found in the USA  and A ustralia (A ldridge & Schonlaub 1989, p. 

277). Kockelella variabilis W alliser has been used by Barrick & Klapper (1976) to define a local biozone 

in the C larita Form ation, Oklahoma. This taxon is im portant in identifying the earliest Ludlow Series 

A. p loeckensis  B iozone, and is followed by the P olygnathoides siluricus  B iozone in Oklahom a. K. 

variabilis occurs in the UK near the W enlock-Ludlow series boundary and the youngest occurrence is in 

the earliest Ludfordian Stage (Aldiidge, 1975).

The P. siluricus Biozone, previously um eported from the British Isles, has its base placed in the 

U pper Leintw ardine Form ation on graptolite evidence( Jeppsson 1983). Recent unpublished w ork has 

located specimens o f P. siluricus in the U pper Bringewood Formation, Beechenbank Quairy, Shropshire, 

at a level 5.7 m  below the unconform able contact with the Low er Leintwardine Form ation (pers. comm., 

P. C. J. Donoghue).
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OSTRACODS. The British W enlock and Ludlow series ostracods have been documented by Siveter (1978, 

1980, 1984, 1989) and Lundin e t al. (1991). C haracteristic taxa o f the M uch W enlock L im estone 

Form ation include Strepula concentrica Jones & Holl, Sleia paupem ta  (Jones), Beyrichia clausa  Jones & 

H oll, A m phitoxotis repanda  Siveter, Tinotoxotis velivola  Siveter, Sarm atotoxotis phracta  S ive te r, 

Tinotoxotis praegnans Siveter, Garniella spp., Xystista auricularis, Octonaria octoformis Jones, Jonesites 

excavata  (Jones & Holl), Thlipsura corpulenta  Jones & Holl, P rim itivothlipsurella v-scripta  (Jones & 

H oll), P rim itiopsis valida  (Jones & H oll), M icrocheiline lla  cf. convexa  P ranskevichius, C olum atia  

variolata  (Jones & Holl), K uresaarla  sp., Daliella carbuloides (Jones & Holl), 'C ytherellina ' sp. nov. 

L undin e t a l ,  M icrocheilinella  avails (Jones), 'Longiscula' sm ithii (Jones), 'Baird iocypris ' crassula  

(Jones), Scaldaniella simplex  (Krause) and 'Cytherellina' elegans (Jones) (Siveter 1989, p. 256; Lundin et 

a l  1991, fig. 4, p. 183). The H om erian Stage is divided on the presence-absence o f R ectella  sp. nov. 

Lundin et a l ,  which occurs in the latest part (Lundin et a l  1991)

M ost taxa present in the la test Hom erian Stage persist into the earliest Ludlow  Series and 

'ignore' the W enlock-Ludlow series boundary; no new distinctive taxa occur in the early Gorstian Stage 

(Siveter 1989, p. 256). T. corpulenta and A echm ina cuspidata  Jones & Holl are recorded through the 

Gorstian Stage, but generally faunas are not well known due to recoveiy problem s (Siveter 1989, p. 256).

SPOROM ORPHS. Sporom orphs recovered from  the B ritish  W enlock and Ludlow  series are well 

docum ented (Richardson & Lister 1969, Richardson & loannides 1973, R ichardson & M cG regor 1986, 

B urgess &  R ichardson 1991). The sporom orph biozones (Text-fig. 3.1) w ere described in detail by 

Richardson & M cGregor (1986)

The lE m phanisporites  cf. protophanus  -cf. Synorisporites verrucatus A ssem blage Biozone has 

its base defined at H orton W ood Quarry, Shropshire. Characteristic species are ? E. cf. pro tophanus  

R ichardson & loannides, cf. S. verrucatus  R ichardson & Lister, Am bitisporites dilutus  (H offm eister), 

Archaeozonotriletes chulus (Cramer), lArchaeozonotriletes divellomedium  Chibrikova and Retusotriletes 

abundo Rodriguez.

A t the base o f the Synorisporites libycus-1 Lophozonotriletes poecilom orphus  A ssem blage 

B iozone (defined in BP borehole B2-34, Libya), there is the developm ent o f trilete, m urinate, crassitate 

and patinate m iospores (event A, Text-fig. 3.1). This biozone is identified in the Ludlow  type area by 

this event horizon as the zone taxa are unrecorded. Chaiacteristic taxa are S. libycus  R ichardson & 

laonn ides, ?L. poecilom orphus  R ichardson & loann ides, IE . p ro to p h a n u s, IE . cf. p ro to p h a n u s ,  

E m phanisporites  neg lectus  V igran, cf. Synorisporites dow ntonensis  R ichardson & Lister, S. cf. 

verru ca tu s  and Triletes variabilis  Cram er. A t the G orstian-Ludfordian stage boundary there is a 

developm ent o f apiculate miospores (event B, Text-fig. 3.1).

CHITINOZOANS. Chitinozoans o f the W elsh Borderland have been sparsely documented (Dom ing 1981b, 

Sutherland 1994). The global chitinozoa biozonation for the Silurian proposed by Verniers et al. (1995) 

is outlined in Text-fig. (3.1). A  local schem e for the W elsh Basin has been described by Sutherland & 

D om ing (1994).
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The A ngoch itina  elongata  B iozone is recognised in hy the first occurrence o f A. elongata  

E isenack 24m  below  the top o f the M iddle Elton Eormation in the W elsh Borderland (Sutherland 1994, 

Verniers e t al. 1995). Cingulochitina convexa  (Laufeld) appears near the base o f the biozone and the top 

is m arked by an increase in Eisenackitina lagenom orpha  (Eisenack) (Verniers et al. 1995). O ther taxa 

present include Ancyrochitina desmea, Angochitina echinata Eisenack, Belonechitina lauensis (Laufeld) 

and Belonechitina latifrons (Eisenack).

ACRITARCHS AND PRASINOPHYTE ALGAE. There have been several studies produced on the W enlock- 

Ludlow  series acritarchs and prasinophyte algae o f the W elsh Basin (Downie 1959, 1963; L ister 1970; 

H ill 1974; D om ing 1981a, 1983; D om ing & B ell 1987; Turner et al. 1995). F ive Ludlow  Series 

hiozones (Text-fig. 3.1) are recognised in the W elsh Basin, and to som e degree in other areas o f the 

British Isles (Dom ing 1981a).

Zone W 3 is identified by Eisenackidium  wenlockense Doming, Estiastra granulata  D ownie and 

M ultip lic isphaerid ium  wrensnestense  D om ing, w ith L eptobrachion  a rbuscu liferum  (D ow nie) being 

com m on. In the upper part o f the zone D ictyotid ium  stenodictyum  E isenack, M elikeriopa lla  am ydra  

Tappan & Loeblich Jr. and Polyedrixium  wenlockium  (Doming) occur.

Zone L I is identified hy L eptobrachion  longhopense  D om ing and Veryhachium  pertonense  

D om ing. In the low est part o f the zone D a terio cra d u s tr ib rach ia ta  (Lister) and N eo ve ryh a ch iu m  

m ayhillense  D om ing  occur, w ith T y lo to p a lla  (= B e u d in g iisp h a e r id iu m ) p yram ida le  L iste r and 

Cymatiosphaera gorstia  Dom ing identifying the uppermost part.

Zone L2 is identified by Am m onidium  ludloviense (Lister), F lorisphaeridium  castellum  Lister, 

G orgonisphaeridium  bringewoodense  D om ing, w ith com m on Cym atiosphaera ledburica  D om ing and 

Dilatisphaera laevigata Lister.

Zone L3 has its base  at the G orstian-L udfordian  stage boundary  and is iden tified  by 

Cym bosphaeridium  p ila r  (Cramer), Leoniella  carminae  Cramer, M ultiplicisphaeridium  paraguaferum  

(C ram er), V eryhachium  leintw ardinense  D om ing, L eio fusa  estrecha  Cram er, w ith O nondagella  sp. 

becom ing m ore common.

M artin (1989) divided the Silurian into six, infoim al, global biozones, two o f which occur in 

the latest W enlock and Ludlow Series (Text-fig. 3.1). Zone 5 (Homerian-Gorstian stages) was recognised 

by the appearance o f Psenotopus chondrocheus Tappan & Loeblich Jr., C. pilar  and Cymbosphaeridium  

? cariniosum  (Cramer), the last taxon being absent from  the UK. Zone 6 (Gorstian-Ludfordian stages, ? 

Prfdolf Series) is identified by L. carminae  and O nondagella  sp., w ith P ercultisphaera stiphrospinata  

L ister in Shropshire. M artin (1989, p. 209) identified the base of zone 6 in the low est G orstian Stage 

(nilssoni or scanicus biozones); the first recorded occurrence o f L. carminae in Shropshire is in the Low er 

Bringewood Formation (Lister & Downie 1974).
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RECOGNITION OF PREVIOUS BIOSTRATIGRAPHIC SCHEM ES

The sh'atigraphic ranges o f taxa recovered herein are sum m aiised in Text-fig. 3.2. It is possible 

to identify the inform al zones o f M artin (1989), w ith the biozones of D om ing (1981a) being recognised 

to som e extent.

In the succession at Ludlow, the base o f zone 6 (M artin 1989) is identified by the first 

occurrence o f P. stiphrospinata  83.5m above the series boundary. This taxon has been reeorded in  the 

W enlock Series (M ulde Form ation, H om erian Stage) o f Gotland (Le Hérissé 1989), but has a low est 

recorded occurrence in the U K  o f Low er Elton Form ation (M illichope area, W elsh B orderland, L ister 

1970). The extension o f the range o f P. stiphrospinata  into the W enlock Series m ay cast doubt on its 

use in future schemes.

The presence o f Onondagella sp. and Leoniella carminae Cramer, was cited as indicative o f zone 

6 hy M artin (1989, p. 209). Examples o f Onondagella  sp. have been recovered herein from  the topm ost 

W enlock Series. No specimens o f L. carminae have been recovered and it is first recorded in the Low er 

Bringew ood Form ation o f the W elsh Borderland (Lister & Downie 1974). P. chondrocheus, the first 

appearance o f w hich denotes the base o f zone 5 (Hom erian-Gorstian stages), ju s t extends into zone 6 

(range top = 87.765m at Goggin Road); this is in accordance with the scheme o f M artin (1989). The use 

o f P. chondrocheus in defining the base o f the underlying zone 5 m ust also be questioned, as this taxon 

has been recorded in the Telychian Stage, upper Llandovery Series, o f G otland (Le Hérissé 1989). The 

last occurrence o f V. dilatispinosa  (senior synonym = V. pirifera) was reported by Mar tin (1989) to be in 

the base o f zone 6; the last recorded occurrence herein is in the M iddle Elton Foim ation at Goggin Road 

(95.73m), which concurs with the scheme o f M artin (1989). The last recorded occurrence in the Ludlow 

area, however, is in  the Prfdolf Series (L ister & D ow nie 1974); this appears to correlates w ith the 

doubtful occurence o f M artin (1989, fig. 150).

The hiozones proposed by D om ing (1981a) can be recognised to som e extent, although the 

ranges o f some taxa used to identify the biozones have been extended. The range top of E. wenlockensis  

has been extended from  the basal Low er Elton Form ation to within the M iddle Elton Form ation and M. 

wrensnestensis has not been recovered in this study. E. granulata  has a range top herein o f 0.54m above 

the series boundary, which concurs w ith the basal Low er Elton Form ation range top listed by D om ing 

(1981a, table 1). B iozone W 3 o f D om ing (1981a) is also identified by the presence o f com m on L. 

a r b u sc u li fe r u m ,  w ith D. s tenod ictyum , M. am ydrum  and P. w en lock ium  in the upper part. L. 

arbusculiferum  has its highest relative frequencies over the series boundary, as does D. stenodictyum  (see 

A ppendix 2). The highest relative frequencies o f P. wenlockium  and M. amydra  occur, however, higher 

in the Low er Elton Eormation (Appendix 2).

Zone L I has been recognised in the type area by the occurrence o f N. m ayhillensis  and B. 

pyram idale . The ranges o f these taxa have, however, been extended into the topm ost W enlock Series, 

creating an overlap between the top o f biozone W3 and base of biozone L I .

Zone L2 may possibly be recognised in the topm ost M iddle Elton Formation. Specimens o f A. 

ludloviense have not been recovered herein and no examples of F. castellum, which has a recorded range
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of U pper E lton-U pper B ringew ood form ations (Lister 1970), have been recovered. D om ing (1981a) 

incoiTeetly included specimens illustrated as Gorgonisphaeridium  sp. nov. Lister 1970 (pi. 8, figs 5-7; = 

Gorgonisphaeridium  ? listeri sp. nov. herein) in synonymy with his new zone taxon Gorgonisphaeridium  

bringewoodensis. No specimens that resem ble the holotype o f G. bringewoodense (Dom ing 1981a, p. 2, 

fig. 5) have heen recovered, though specimens now assigned to G. ? listeri sp. nov. have been recovered 

in the M iddle Elton Form ation (from  78.435m  above the series boundary). C. ledburica  has not been 

recovered herein, but D, laevigata  becom es m ore com m on in the upperm ost M iddle Elton Form ation 

(above 113.715m).

IM PORTANT TAXA

It is impossible to produce biozones for the W enlock-Ludlow series boundary or earliest Ludlow 

Series on the lim ited data available. As this study has been conducted in the type area, however, those 

taxa w hich are considered to be  potentially  im portant in  any future biostratigraphic schem es are 

highlighted. It should be noted that the applicability o f these taxa for biostratigraphy outside the type 

area is unknown.

The W enlock-Ludlow series boundary is identified by E. granulata, which has a range top 0.54m 

above the series boundary. E. granulata  has a low est recorded occunence in the topm ost Coalbrookdale 

Form ation  (D om ing 1981a), though the degree to w hich this taxon is environm entally controlled is 

unknow n. E stiastra , along w ith P ulvinosphaerid ium  and H oegklin tia  were suggested to be cysts o f 

benthic thallose macroalgae (D om ing 1981a, p. 192), though Colbath & Grenfell (1995) stated that these 

taxa had little resem blance to the m odern disseminules o f macroalgae. E. granulata  has been recovered 

throughout the W elsh Borderland (Downie 1963, E isenack 1965a, 1977, Lister 1970, D om ing 1981a and 

herein; Coalbrookdale-Low er Elton form ation, top W enlock-basal Ludlow series) and possibly from  

Gotland (Eisenack 1965a; Slite Formation, Sheinwoodian-Homerian stages)

D orsennidium  sp. A  is recovered in very low numbers at the level o f the boundary (range top = 

-0.015m  (Goggin Road); 2.165m  (Pitch Coppice)). In  the type area the series boundary m ay also be 

located by several taxa, the ranges o f which extend higher, but which are particularly common around the 

boundary level (P. oligoprojectum , Cymatiosphaera triangula  sp. nov., Cym atiosphaera m ulticrista  sp. 

nov., D. stenodictyum , C. brevispinosum, C. w illiereae, E. wenlockense, G. succinum, H. cf. corallina,

H. cf. digitata, L. arbusculiferum , Leptobrachion digitatum  sp. nov., Lophosphaerid ium  sp. A  and A. 

mayhillense).

Pu lvinosphaerid ium  dorn ing ii sp. nov. has its first appearance at 8.825m  above the series 

boundary and extends to 36.415m. This taxon is very useful for identifying the very lower-most Low er 

Elton For-mation and the base o f its range overlaps the top o f that of P. oligoprojectum. As noted above, 

however, the distribution o f this acritarch m ay be governed by palaeoenvironm ental factors to a large 

degree. C ym bosphaerid ium  sp. A  (13.37m -40.89m ) also appears to be im portant in identifying the 

earliest Ludlow  Series. Com m on taxa in association include P. w enlockium  and P. dorningii and 

H elosphaeridium  sp. A  (25.63m-38.67m). A bove the range o f Cym bosphaeridium  sp. A  no distinctive
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new elements occur until w ithin the M iddle Elton Formation, though Cymatiosphaera lawsonii sp. nov. 

and B. pyram idale  are particularly com m on in the upper part o f the Low er Elton Form ation, w ith the 

la tter taxon being m ore com m on than over the series boundary. P. w en lock ium  m ay be used  to 

distinguish between the Low er and M iddle Elton formations as its last recorded occurrence is 51.25m  

above the series boundary (very basal M iddle Elton Form ation), though it is generally m ost com m on 

below  39.71m.

In the M iddle Elton Formation, important taxa include Cymatiosphaera paudm em brana  sp. nov. 

(6 5 .18m -104.19m), w ith E. tenu istria ta  (70 .715 m -104.19m) and A m m o n id iu m  sp. A  (74.075m - 

97.97m ), w hich is particu larly  com m on in  the upper h a lf o f its range. The range base o f  P. 

stiphrospinata, 83.465m above the series boundary is higher than the low est recorded UK occurrence o f 

Low er Elton Form ation (M illichope area. Lister 1970), but concurs with the first recorded occunence in 

the Ludlow  type area o f M iddle Elton Form ation (Lister & Downie 1974). P. stiphrospinata  has also 

been recorded from  Ireland (Aldridge et al. 1979), Argentina (Pôthé de Baldis 1981, Rubinstein 1993) and 

Gotland (Le H érissé 1989); as stated previously, the extension of its range into the W enlock Series of 

G otland m ay cast doubt on its use for recognising the Ludlow Series. O ther im portant taxa for 

recognising the upper part o f the M iddle Elton Form ation are H. la tispinosum  (above 90.95m ) and 

C ym atiosphaera  sp. A  (above 116.505m). N ear the very top o f the form ation (above 113.715m) D. 

laevigata  and G. 1 listeri sp. nov. becom e particularly common. This last taxon and Gorgonisphaeridium  

? listeri var. A  may prove to be im portant in separating the M uch W enlock Limestone, Low er Elton and 

M iddle Elton formations. G. ? listeri var. A, characterised by a dense anangem ent o f processes, has a 

distribution restricted to the M uch W enlock Lim estone and Low er Elton form ations; G. ? listerii has 

only been recovered from the M iddle Elton Formation.

CONCLUSIONS

The zonal schemes o f D om ing (1981a) and M artin (1989) can be recognised in  the Ludlow type- 

area to som e extent, but this study has extended the ranges o f some key taxa. This has, in  som e 

instances, negated their usefulness in  defining hiozones (e.g. E. w enlockensis), or has resulted in a 

repositioning o f the hiozones (e.g. N. m ayhillense, B. pyram idale). The extension, by Le H érissé 

(1989), o f the ranges o f P. chondrocheus and P. stiphrospinata  into the upper Llandovery Series and upper 

W enlock Series o f Gotland, respectively, m ay indicate that these taxa have lim ited applicability  in  

biostratigraphy. It may also indicate possible problem s in the correlation o f the sam ples o f Le H érissé 

(1989), or w ith Gotland in  general.

The use o f acritarchs and prasinophyte algae in biostratigraphy m ay also be lim ited as m any 

appear to be controlled by environm ental conditions. This leads to sequences o f successive appearances 

and disappearances o f the same taxa through time (the Lazarus Effect o f Jablonski 1989).

The usefulness o f acritarchs in biostratigraphy is also lim ited by the lack o f a definitive 

classification scheme. As acritarchs are morphotaxa a large range o f morphologies can be placed within a 

single taxon. Successive appearances may also be placed within a single taxon as there is no definitive
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way in w hich subtle differences can he expressed, unlike, for exam ple, the way in w hich changes in 

paratabulation m ay be used in dinoflagellates. This is also true when comparing acritarchs from  different 

continents.
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Palynofacies analysis of the latest W enlock-eaiiiest Ludlow series 
(Silurian) in the Ludlow type area, Welsh Borderland

The W enlock and Ludlow series aie the second and third series o f the Silurian and the boundary 

stratotypes aie situated at localities near M uch W enlock and Ludlow in the W elsh Borderland (see Bassett 

1989, Lawson & W hite 1989).

This study has used infoim ation from two m ethods to infer aspects o f the latest W enlock-earliest 

Ludlow palaeoenvironm ent o f the W elsh Basin. A  detailed palynofacies analysis has been undertaken, 

docum enting  the absolu te and re la tive  abundance, per gram  o f sedim ent, o f  several groups o f 

palynological organic m atter (POM). The relative and absolute abundance o f individual acritarchs and 

prasinophyte algal taxa has also been docum ented. The POM  counted is d iv isible into tw o broad 

categories based on source:

i) Land derived sporomorphs and land plants (traeheid-like opaque, sem i-opaque and banded 

tubes, cuticle-like sheets and filam entous m acérais). Som e of the land plant fragm ents recovered have 

sim ilarities w ith m odern hepatics (e.g. liverworts) and are believed to be from  bryophytes (e.g. see Gray 

1985, Edwards e ta l. 1995).

ii) M arine acritarchs (including sphaeromorphs), prasinophyte algae, chitinozoans, scolecodonts, 

graptolite fragm ents and amorphous organic m atter (ACM ). Acritarchs have unknown affinities but the 

m ajority are considered to be algal resting cysts, m any o f which were possibly phytoplanktonic (M artin 

1993, C olbath & G renfell 1995). C hitinozoans have uncertain affinities, w ith  the m ost favoured  

hypothesis being that they are the eggs or egg capsules o f a soft bodied m etazoan (Paris 1981, Grahn 

1982, Sutherland 1994, V ernier et al. 1995); scolecodonts are the jaw  fragm ents o f polychaetes. 

G raptolite fragments include parts of the nema, virgella, thecae and thecal spines.

L ocalities

Tw o localities. Pitch Coppice Quarry and Goggin Road (Text-fig. 4.1), situated on the shelf o f 

the W elsh Basin in latest Hom erian and early Gorstian times, were exam ined (see C hapter 1 for locality 

details and palaeogeographic maps).

Previous research

Eew palynofacies analyses have heen com pleted on the British Silurian sequences and generally 

only the relative abundance o f POM  have been documented. A  detailed analysis o f the relative abundance 

o f palynom orphs across the Ludlow -Pridoli series boundary in the W elsh Basin was com pleted by 

R ichardson & Rasul (1990). They defined m arine influence and inshore indices based on POM  and 

acritarch genera, and used these to identify regressive and 'storm ' events. They also proposed the use o f 

palynom orph phases, stratigraphie intervals where assemblages are dominated by one group o f acritarchs
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(e.g. visbysphaeriids), in intrabasinal correlation. D om ing (1981c, 1983) and D om ing & Bell (1987) 

have proposed a num ber o f acritarch and prasinophyte algae assemblages and have, in som e instances, 

related these to distance from  shore (e.g. D om ing 1981c, p. 32-33, fig. 3.2). Four palynofacies types, 

identified by the relative abundance o f palynodebris types, were defined in the W enlock Series o f the type 

area and related to outer shelf, offshore shelf and deep w ater environm ents by Burgess & R ichardson 

(1991).

Globally, analyses o f Silurian palynofacies are even rarer, but include studies o f the relative 

abundance o f palynom orphs in the Tanezzuft and A cacus formations (W enlock-Ludlow series), L ibya 

(Richardson & loannides 1973, A l-Am eri 1983). A l-Am eri (1983) defined five palynofacies types using 

the relative and absolute abundance o f palynom orphs (e.g. acritarchs, chitinozoans, plant tissue etc.) and 

the types o f acritarchs (e.g. sphaeromorphs, polygonomorphs etc.). These palynofacies types were related 

to models o f distance from  shore and were tentatively assigned to lagoonal, interm ediate and open marine 

environm ents. Colbath (1980) cited the possibility o f using abundance fluctuations in  upper O rdovician 

acritarchs to map ancient w ater masses.

Previous models

Changes in  sedim entation (lim estone to argillaceous) and dom inant fauna (brachiopod to 

graptolite/orthocone) have been used as evidence to suggest a transgressive pulse beginning in  the late 

W enlock Epoch, which reached its m aximum in the earliest Ludlow Epoch (see M cKerrow 1979, p. 140). 

O ther Silurian transgressive and regressive events have been recognised and these have been correlated 

across the world, w hich has led to the concept o f global eustasy (see Johnson & M cK errow  1991, 

Johnson et al. 1991). The hansgression in the early Ludlow Epoch, in particular, was heen discussed in 

great detail by Johnson & M cK errow  (1991, p. 160-162), who cited the sea-level change as being 

som ew here betw een 50 and 100m. In discussing the biological effects o f these proposed sea-level 

changes, Johnson & M cKerrow (1991, p. 162) indicated that changes in benthic assemblages were caused 

by local facies shifts, and also noted the presence o f coincident global extinctions and evolutionary 

radiations. The driving mechanism  behind the hansgressive phases was considered to be probably related 

to periodic m elting o f South A m erican ice caps (Johnson & M cKerrow 1991). The palaeoceanographic 

consequences o f sea-level changes of this m agnitude were not discussed in detail. The possibility that the 

m elting o f ice caps m ay have produced m ajor changes in  oceanic waters was touched upon, as was the 

theory that the re-establishm ent o f ice caps would result in  a greater quantity o f polar sourced deep, cold, 

bottom  w ater (Johnson & M cKerrow 1991, p. 165).

The clim atic/oceanic P & S model o f Jeppsson (1990) considers the changes in facies, flora and 

fauna to be the result of a cyclic climate change between a humid low latitude, cooler high latitude P-state 

and dryer low latitude, warmer high latitude S-state (Text-fig. 4.2). The cyclicity was regarded as possibly 

self-regulating through changes in the COg storage capacity o f the deep ocean. This m odel has been 

extensively applied to the low er Silurian (A ldridge et al. 1993, Jeppsson et al. 1995) and places m ore 

emphasis on fluctuating palaeoclimate and the resultant changes in palaeoceanography.
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Techniques

Sam pling.

Thirteen samples were exam ined from  Pitch Coppice Quarry (M uch W enlock Lim estone-Lower 

Elton form ations) for both palynofacies analysis and individual taxa, w ith 103 (individual taxa) and 95 

(palynofacies) samples being exam ined from  G oggin Road (M uch W enlock L im estone-M iddle Elton 

form ations). Over the m ajority o f the section at Goggin Road samples for palynofacies analysis were 

exam ined at approximately two metre intervals, w ith closer spacing across boundaiies; after a prom ising 

test run, sample spacing was reduced to roughly one m etre intervals in the M iddle Elton Formation. For 

the individual taxa, samples were analysed at approximately metre intervals at G oggin Road, w ith closer 

spacing over the boundaries. A t Pitch Coppice Q uarry samples for both palynofacies analysis and 

individual taxa were analysed at near m etre intervals, w ith the spacing gradually being reduced to a 

centimetre level across the W enlock-Ludlow series boundary.

Laboratory Processing.

See C hapter 1. A n exotic spike o f L yco p o d iu m  spores was added to enable the absolute 

abundance o f palynodebris types and taxa to be determ ined per gram o f sedim ent (see Stoclonarr 1971, 

1973). Three tablets o f Lycopodium  spores (mean=13911 spores per tablet, standard deviation=689) were 

added to each sample prior to the second H Cl stage and unoxidised residues were strew mounted, with 

cellosize dispersant, onto rectangular coverslips (22 x 22 mm), dried slowly to avoid paiticle clumping, 

and m ounted on glass slides with pettopoxy.

Counts.

A point counter was used to m ake 300 counts o f POM  from two slides per sample (600 counts 

in total); a separate count o f Lycopodium  spores was also maintained. Palynodebris frequencies are very 

high in the M iddle Elton Form ation, resulting in a low  Lycopodium  count, and the num ber o f counts 

was increased to 600 per slide to im prove accuracy. W ith hindsight, accuracy would have been improved 

w ith the addition o f m ore Lycopod ium  tablets. Counts were taken in  regularly spaced strips and in 

samples w ith sparse POM  the coverslip was completely scanned, though in some cases it was im possible 

to m ake the requisite counts; these samples are indicated by an asterisk in the appendices.

To calculate the abundance o f the individual taxa, 500 counts were m ade from  two coverslips per 

sam ple (1000 counts in total) by continually scanning the coverslip in adjacent strips; after completing 

200 counts exam ples o f E vittia  remota, M icrhystrid ium  stellatum , M icrhystrid ium  intonsurans  and 

Leiosphaeridia  sp. (except those >132pm  in diameter) were not counted further. Lycopodium  spores were 

counted separately and, as for the palynofacies analysis, samples in which the requisite number o f counts
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was not reached are indicated by an asterisk in the appendices. The absolute abundance o f each 

palynodebris group or taxon, relative to Lycopodium, was calculated using:

No. o f Lycopodium  spores added to sample 
W eight o f sample processed (g)

No. o f Lycopodium  spores counted 
X

Count for palynodebris /  taxon 
Abundance per gram= -------------------------------------------

Problem s have been identified w ith the use o f exotic spikes. The m ethod assumes that during 

processing  and m ounting the spike and fossil PO M  behave identically , w ith the spikeifossil ratio  

rem aining constant (W hite 1989). The addition o f an exotic spike can also produce statistical "noise", 

w hich m ay cause workers to identify non-existent trends, or ignore im portant changes (M aher 1981, p. 

155).

Analysis of results

M arine Index (Ml)

To enable tbe variation between land and marine derived POM  to be clearly seen a M arine Index 

was defined, which is based on the M arine Influence Index o f R ichardson & Rasul (1990), w hich was 

itself based on the ratios used by Traverse (1978) on Recent sediments:

('AAT) _ Graptolites+Acritarchs+Algae+Chitinozoans+Scolecodonts 

(above)+Sporomorphs+Land Plants

The M arine Influence Index was used as a "general indicator o f environm ent and in particular 

proxim ity to the shore" by Richardson & Rasul (1990, p. 676) and such indices have been used to infer 

changes in sea-level.

An Inshore Index was also defined by Richardson & Rasul (1990, p. 676), a m ethod w hich is 

based on similar principles to the inshore-offshore distribution diagrams o f Dom ing (1981c) and Al-Ameri 

(1983). This index is not used here as it is based on broad assumptions about the nature o f acritarchs and 

prasinophyte algae and the influences w hich affected them. The index com pares the d istribution o f 

particu lar genera w ith that o f other, m orphology based, supergeneric groups (e.g. polygonom orphs, 

netrom orphs). This supergeneric classification is generally no longer in use. In such analyses one m ust 

assume that all species o f a genus or suprageneric group behave identically and have sim ilar distributions. 

This assum ption is generally untrue as the distribution o f a species depends on its own individual
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environm ental tolerances and hydrodynam ic properties. Counts of a genus or suprageneric group are, in 

reality, observations o f the distribution o f the m ost dom inant taxon or taxa. This is also true o f the 

genera-based palynom orph phases o f Richardson & Rasul (1990), though the idea o f correlating patterns 

in the distribution o f acritarchs and prasinophyte algae in a depostional basin rem ains a potentially very 

powerful tool when applied to individual taxa, or groups o f taxa with similar distributions.

Individual acritarch and prasinophyte algal taxa

T he d is trib u tio n  o f  the  background  taxa  w as exam ined  to enab le  the  changes in 

palaeoenvironm ent to be deduced. Taxa with stratigraphie ranges through the Goggin Road section, and 

present in m ore than 80% o f samples, were statistically analysed and those with sim ilar distributions were 

grouped together. The data were initially standardised and then grouped by cluster analysis (W ard's 

m inim um  variance method with Euclidean distances (Text-fig. 4.3)-see Swan & Sandilands (1995)). The 

relative abundance of the taxa in each group were totalled and, to enable the groups to be compared to each 

other, the results were standardised and plotted (Text-fig. 4.8).

Results (palynofacies analysis)

W enlock - Ludlow series boundary

A t both Goggin Road and Pitch Coppice Quarzy there is a decline in the M I over the W enlock- 

Ludlow series boundary (Text-fig. 4.4). The two m inim a o f the decline are situated, however, at different 

lithostratigraphic levels at each section. A t Pitch Coppice M I values begin to drop steadily from  sample 

PC 5-C  (-1.31m  below  the series boundary), before falling rapidly at PC 7-C  (-0.55m ), reaching  a 

m inim um  value in PC 10a-A (-0.135m) before increasing rapidly over the boundary to levels greater than 

those o f the M uch W enlock Lim estone Form ation (from sample PC 14-A, 0.175m).

A  similar' trend is visible at Goggin Road, except the m inim um  is situated in the Low er Elton 

Form ation  (T REN CH 1/12-A  to 14-A, 0.145m  to 0.54m ). Above sam ple TR EN C H 1/14-A , values 

increase to their form er levels.

The decline in M I over the boundary correlates w ith a decrease in the relative abundance of 

acritarchs, w hich is particularly noticeable at G oggin Road (G 0G 1/7-A  to TRENCH1/23-A , -1.12m  to

1.92m), but less so at Pitch Coppice, where the decline takes place over a m uch shorter interval (PC9-C 

to 14-A, -0.23m  to 0.175rn). A lso over the boundary there is a m arked increase in  the absolute and 

relative abundance o f land plants (particularly at Pitch Coppice, with a broader increase at Goggin Road), 

chitinozoans (both sections), scolecodonts (absolute abundance-G oggin R oad only) and A C M  (both 

sections, particularly  P itch Coppice). This event also shows itse lf as an increase in Total PO M  at 

Goggin Road; the Total POM  at Pitch Coppice shows no such clear increase.

W ithin the basal Low er Elton Form ation at P itch Coppice the abundance o f the land plants 

(absolute and relative) declines to levels low er than those in the M uch W enlock Lim estone Form ation,
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whereas the abundance (relative and absolute) o f prasinophyte algae and acritarchs is higher in  the basal 

Low er Elton Form ation than in the topm ost M uch W enlock Limestone Formation.

Low er Elton Formation

The m ost obvious trend in the Low er Elton Form ation is the very broad decline in Total POM  

from  near the base o f the form ation to approxim ately its m id-section (ca. 20-35m  above the boundary); 

above this level Total POM  values increase towards the M iddle Elton Form ation (Text-fig. 4.5). This 

trend is also present in the acritarchs (the largest constituent o f the POM ), prasinophyte algae and land 

p lants. The relative abundance o f these groups shows sm aller patterns o f increasing-decreasing  

importance and it is clear that there is an inverse relationship between the land plants and acritarchs.

A fter the m oderately high abundance o f chitinozoans at the W enlock-Ludlow series boundary, 

values decrease in  the basal part o f the Lower Elton Formation and generally samples contain only broken 

fragm ents. This decline is also visib le in the scolecodonts, w hose values, unlike  those o f the 

prasinophyte algae, acritarchs and land plants, do not recover higher in the formation. AOM  is found in 

low abundance tlnough the main part o f the Low er E lton Formation, but becom es increasingly im portant 

in the upper part, towards the M iddle Elton Formation.

The variation in the M I appears to be directly correlated with the fluctuations in the land plants, 

though, unlike the distribution over the boundary, there are no accompanying fluctuations in other groups 

(e.g. chitinozoans or scolecodonts).

L o w er/M id d le  Elton form ation boundary

A rapid increase in Total PO M  (Text-fig. 4.6), contributed to by an increase in the absolute 

abundance o f each group (except land plants), identifies the Lower/M iddle Elton formation boundary. It is 

also w ithin the first few centimetres o f the M iddle Elton Formation that the first fragm ents o f graptolites 

occur (sample TRENCH4/M E1-A).

The increase in M I over the boundary (Text-fig. 4.6) results from  an increased abundance o f 

acritarchs and prasinophyte algae and a decrease in land plants; although sporom orphs becom e m ore 

common they comprise only a very small perceirtage o f the assemblage.

M iddle Elton Formation

The m ost striking feature o f the palynofacies analysis in the M iddle E lton Form ation is the 

stepped increase in Total POM  towards the middle part o f the formation (Text-fig. 4.7).

The prasinophyte algae becom e relatively m ore im portant in the interval 56-71m  above the 

series boundary and are dom inated hy the tasm anitids. W ithin the basal part o f the M iddle Elton 

Form ation is a single sample (TRENCH4/200-A, 65.18m) which contains large am ounts o f land plant
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fragm ents (2569/g, 20% of the Total POM ); the tail end o f this increase appears to be visible in sam ple 

TRENCH4/204-A.

Between 71m  and 77m  there is a prom inent increase and peak in the Total POM , contributed to 

by an increase in  the abundance o f several groups (sporom orphs, land plants, prasinophyte algae, 

acritarchs and chitinozoans). A OM  and graptolite fragm ents begin to occur in larger numbers and the 

m axim um  peak in the absolute and relative abundance o f graptolites and land plants is w ithin this 

interval. As w ith the interval 71-77m , several groups increase in abundance betw een 90 and 98m  

(sporom orphs, land plants, prasinophyte algae, acritarchs, chitinozoans, graptolites and AOM ) and this 

latter interval represents the period o f highest abundance in the formation. H igher than 100m the Total 

POM  declines towards values sim ilar to those in the basal part o f the formation, though because o f the 

isolated, strike orientated nature o f the exposure it would be difficult to rely on any trends observed in this 

part o f the succession.

Discussion (palynofacies analysis)

Wenlock - Ludlow series boundary

The decline in the M I around the W enlock-Ludlow series boundary at Pitch Coppice and Goggin 

R oad correlates well with the decline of illustrated by Corfield et al. (1992) in the Ludlow anticline. 

This depletion in 9 ^ %  was also reported in other sections from both carbonate shelf and offshore, deeper 

w ater facies; a second decline was also illustrated slightly low er in the W enlock Series. These 

changes in the carbon isotope signature were related by Corfield et al. (1992) to the m ajor decline in 

grapto lite  diversity  that began in the la test W enlock Series n assa  B iozone, and to the tw o basin 

oxygenation events reported by Kemp (1991), which were periods o f increased basin ventilation. This 

was used to suggest that a reduction in ocean-surface productivity resulted in a reduced flux o f organic 

m atter to the ocean floor (Corfield e t al. 1992, p. 373-374). It was further stated that the two 

declines m ay have represented the same phenom enon, w ith the decline in graptolite diversity perhaps 

being stepped (Corfield et al. 1992, p. 374).

It is inconect to assume, however, that a decline in graptolite diversity would necessarily m ean a 

decline in  graptolite productivity and indeed Rickards (1989) has stated that although graptolite diversity 

m ay be low  in the latest W enlock Series, numbers o f specimens may often be high. It is also im portant 

to note that although graptolites form  an im portant part o f the plankton, it is the algae that represent the 

largest producers.

The decline in 3^^C in the Ludlow  A nticline is contemporary w ith an increase in  the absolute 

abundance o f land plants, prasinophyte algae, large chitinozoans and scolecodonts, AOM  and the Total 

POM . Photosynthetic organisms have tissues that are enriched in ^^C relative to atm ospheric COg, and 

w ith tim e there is also a preferential enrichm ent o f organic matter in 91%  (Faure 1986). The reduction in 

91%  in the Ludlow Anticline could thus also be explained as a result o f transgression- induced sedim ent 

reworldng (see Galloway 1989). This would have concentrated the larger POM  size fraction (particularly
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the land plants) and also produced an increase in Total POM  (this is especially noticeable at G oggin 

Road).

Low er Elton Formation

The broad decline and subsequent increase in Total POM  in the Low er Elton Formation could be 

explained by either a synchronous change in  both m arine and terrestrial productivity (changing flux o f 

organic m atter to basin floor), or by changes in sedim entation rates (dilution effect). W ithin the 

argillaceous m iddle Low er Elton Form ation, values o f M I can decline to levels low er than those in the 

carbonate dominated basal part o f the formation (Text-fig. 4.5). I f  M I is regar ded as a m easure o f distance 

from  shore, this suggests that the change from  carbonates to argillaceous deposition was caused by an 

increase o f terrestrially sourced sedim ent and not by lateral facies migration. The subtle variations in the 

M I w ould thereby also probably indicate a series o f small transgressive-regressive events through the 

succession.

Scolecodonts are regarded as being more common in shallow water deposits; they were recorded 

in increased numbers in the carbonate deposits o f Gotland (Bergman 1989). This may be used to suggest 

that during deposition o f the Low er Elton Formation, phased increases-decreases in sedim entation rates 

and m inor hansgressive-regressive cycles were superimposed on a general trend o f deepening through the 

formation. If  this occurred, one would expect to see a reduction in the abundance o f terTestrially derived 

palynodebris from  the base o f the formation upwards. Terrestrial palynodebris, however, appears to have 

sim ilar values in the low er and upper parts o f the formation, indicating there was little difference in  sea- 

level. This suggests that there is no general deepening trend, but a change to an environm ent to which 

polychaetes were not well adapted.

M iddle Elton Formation

The decline in the land plants and increase in acritarchs and prasinophyte algae, along w ith the 

appearance o f graptolites over the Low er/M iddle E lton form ation boundary could be explained by a 

transgressive pulse or by a rapid increase in marine productivity. The rapid increase in Total POM , which 

results from  an increase in the absolute abundance o f m ost groups (except land plants) at the boundary 

level also suggests a reduction in sedim entation rates. These reduced sedim entation rates concur w ith the 

proposed transgressive pulse.

Throughout the rem ainder o f the M iddle Elton Formation, three phases o f increasing Total POM  

are visible (Phase 1 = 51-61m, Phase 2 = 72-80m  and Phase 3 = 90-98m above W enlock-Ludlow series 

boundary). W ithin these phases the abundance o f each group increases and the presence o f graptolites 

(m ost abundant in Phase 2) has been used as evidence for a peak in the transgressive pulse that began in 

the M uch W enlock Lim estone Form ation (e.g. M cKerrow 1979). The groups that dom inate in each of 

the palynofacies phases differ. A critarchs, for exam ple, show a stepped increase from  Phase 1 to 3, 

whereas land plants and graptolites have their highest abundance in Phase 2 (Text-fig. 4.7). This suggests
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that the increase in abundance is not only a result o f decreased sedim entation rates or increased  

productivity, but is also linked to palaeoenvironm ental factors. The generally consistent high values o f 

M I through the M iddle Elton Foim ation could indicate a m ore offshore setting, and the increase in Total 

POM  could also be explained by a cyclic reduction in sedimentation rates.

O ne sam ple in the M iddle E lton Form ation (TREN CH 4/200-A , 65.18m ) contains a large 

quantity o f terrestrially derived plant m aterial, usually large, dark, opaque tubes (there is no noticeable 

increase in sporom orphs); the acritarch and prasinophyte algae of this sam ple do not appear to contain 

species normally associated w ith supposed shallower w ater deposits (the sample contains slightly higher 

num bers o f O nondagella  deunffii C ram er than m ost other M iddle E lton Form ation sam ples). H and 

specim ens contain graptolites and appear, sedim entologically, no d ifferent from  other M iddle Elton 

Form ation samples. Such a dramatic increase in terrestrially derived material may indicate a storm  event, 

a slump of near shore material into the basin, or an increase in terrestrial run-off. A  storm  event could be 

postulated, though the sam ple above (TRENCH4/204-A), also has an increased am ount o f terrestrial 

m aterial and appears to represent the tail end o f a dramatic change, not a short lived event. A  slum p of 

nearshore material into the basin would result in an influx o f acritarchs and prasinophyte algae considered 

m ore typical o f supposed shallow er w ater deposits, but this is not observed. This suggests that the 

increase in terreshial material may be the result o f increased terrestrial run-off, though this fails to explain 

why there is no concurrent rise in the abundance o f sporomorphs.

Results (individual acritarch and prasinophyte algal taxa)

W hen the standardised group data is illustrated tlnough the succession (Text-fig. 4.8) it is clear 

that a series o f events occurred where particular groups became m ore important. The record o f each of 

these events is separated by a transitional phase, where two, rarely three, groups are present and no one 

obviously dom inates. These events are clearly visible in the Low er Elton Form ation, but the M iddle 

Elton Form ation is generally dom inated by a single group throughout (Group 4), except for the last 

sample (GOG12/302-A) which is dominated by Group 1.

One im portant trend is that o f Group 5, which dominates ju st below  the levels o f the W enlock- 

Ludlow  series and Lower/M iddle Elton form ation boundaries and becom es particularly noticeable in the 

basal M iddle Elton Formation.

The start o f the M iddle Elton Form ation is m arked by a rapid change from  Group 3 to Group 4; 

this transition occurs over a shorter interval than the preceding transition phases. The background taxa of 

the M iddle Elton Form ation appear to indicate a fairly m onotonous period w ith little change. W hen the 

trends o f other individual, rarer, taxa (w ith stratigraphie ranges through the succession) are exam ined, 

however, a further series of events is visible that correlate with events in the palynofacies record (Text-fig. 

4 .10, 4.11). A n in itia l event (c. 51-57m ) is indicated  by a peak in  the re la tive  abundance o f 

Stellechinatum  ? sp. A, w ith a sm aller peak in this taxon being present between c. 73-79m. This m inor 

peak is associated w ith a prom inent peak in the relative abundance of Schism atosphaeridium  sp. A  and
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m inor peak in Tunisphaeridium tentaculaferum. A  further peak in the relative abundance o f Eupoildlofusa  

tenuistriata  and T. tentaculaferum  identifies the last event (89-9 Im).

Discussion (individual acritarch and prasinophyte algal taxa)

The groups o f acritarchs and prasinophyte algae with similar trends could be considered to be 

controlled in one o f two ways. They could be interpreted as reflecting the changing com position o f the 

m icroflora w ith distance from  shore. A  broad transgression from  late W enlock to M iddle Elton times 

could be indicated by the change from  Group 1 (shallow  water-nearshore) to G roup 4 (deeper water- 

offshore). These two groups have a strong inverse relationship, and a ratio o f the two could be considered 

to be a m easure o f depth/distance from  shore (Text-fig. 4.9). This, in m any respects, concurs w ith the 

deptli/distance from shore model o f acritarchs and prasinophyte algae o f Dom ing (1981c).

The data could alternatively be interpreted as reflecting a change in palaeoceanography through 

time, w ith the transition phases representing periods o f fluctuation between distinct palaeoceanographic 

states. F luctuating w ater masses are a component o f the models that Colbath (1980) proposed to explain 

the distribution o f upper Ordovician organic-walled mieroplankton.

The distribution pattern o f Group 5, w hich does not follow  patterns like those o f the other 

groups, suggests that it is com posed o f eurytopic taxa (cosmopolitan taxa that becom e dom inant under 

stressed environments when other, less tolerant taxa, are reduced or excluded (Colbath 1980)). Its main 

constituent is the prasinophyte alga, Tasm anites  spp., which is abundant only under special conditions 

(Tappan 1980, p. 814). The main peak in Group 5 occurs in the basal M iddle Elton Form ation and thus 

has similarities with the tasm anites black shale o f N orth A frica (as reported by Tappan 1980, p. 814).

The group data remains fairly monotonous throughout the M iddle Elton Formation. Inform ation 

gained from  individual taxa, however, clearly shows changes in the flora related to events observed in the 

palynofacies analysis (see above). Between approxim ately 51 and 57m there is a prom inent peak  in the 

relative values o f Stellechinatum  ? sp. A, which becom es a very im portant constituent o f assemblages. 

This taxon is morphologically sim ilar to Stellechinatum celestum  (M artin 1969) Turner 1984, which was 

considered to be eurytopic by Colbath (1980). This increase in Stellechinatum  ? sp. A  corresponds to the 

initial increase in Total POM  above the Lower/M iddle Elton formation boundary (see above). A  second 

event (73-79m ) is identified by the presence o f Stellech ina tum  ? sp. A  and T. tentaculaferum  (m inor 

peaks) and Schism atosphaeridium  sp. A. This corresponds to the peaks in the land plants, prasinophyte 

algae and graptolites in the palynofacies analysis (Text-fig. 4.7). The final event (89-90m) is m arked by 

increased occurrences o f E. tenuistriata  and T. tentaculaferum. In the palynofacies a peak in the Total 

POM  was observed around this level.

The change from assemblages dom inated by Group 4 to Group 1 at the top o f the M iddle Elton 

Form ation indicates that sample GOG12/302-A lies within the transition phase that separates the M iddle 

and U pper Elton form ations. Exam ination o f the stratigraphie duration o f previous transition phases 

suggests that this sample may lie w ithin 2 -10m below the M iddle/Upper Elton form ation boundary; this
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concurs w ith the proposal that these heds were transitional to typical U pper E lton Form ation Ethologies 

(W hite & Lawson 1978, p. 3).

The fact that apparently eurytopic taxa have rapid alternations in their re la tive  abundance 

suggests that the periods o f increased Total POM  observed in the palynofacies are associated w ith distinct 

changes in the palaeoenvironment. The initial event (c. 51-61m) is similar to that higher up (c. 72-80m), 

as both are indicated by peaks in the relative abundance o f Stellechinatum  ? sp. A  (Text-fig. 4.10). The 

first and third event were caused by conditions distinct from  one another as there are no corresponding 

peaks between Stellechinatum  ? sp. A  and E. tenuistriata  or T. tentaculaferum . The second and third 

events are, however, similar, as there is a correlation between the m ajor peak in Schism atosphaeridium  

sp. A  and the m inor peak o f T. tentaculaferum. This suggests, very strongly, that there was a periodic 

change in the palaeoenvironment during M iddle Elton times.

Conclusions

The palaeoenvironm ental conclusions o f this analysis are summarised in Text-figs 4.9 and 4.11 

and are briefly discussed below.

W enlock - Ludlow series boundary

Im m ediately below  the series boundary Group 5 dominates (Text-figs 4.8, 4.11), suggesting a 

period o f environm ental stress. The first event visible in the palynofacies is ju s t below  the boundary at 

Pitch Coppice (-0.135m) and ju s t above the boundary at Goggin Road (0.145m to 0.54m). A t tlris point 

there is an increase in several palynofacies groups (land plants, chitinozoans, scolecodonts and ACM ), the 

M arine Index and the Total POM  (Text-fig. 4.4). This appears to have resulted from  a transgression 

induced phase o f reworldng (see Galloway 1989). This conclusion is further shengthened by the Group 4- 

Group 1 ratio (a possible m easure o f distance from  shore) which shows a peak (possible m ore offshore 

influence) in Goggin R oad a t the level o f the rew orking (Text-fig. 4.9). A t P itch C oppice this event 

correlates w ith the decline in S^^C observed in the Ludlow  anticline by Corfield  et al. (1992). It is 

probable that this decline is a result o f the transgression-induced reworldng, w hich has concentrated a 

larger am ount o f organic m atter rich  in *^C, especially the large size fraction. The fact that the two 

events are displaced between Pitch Coppice and G oggin Road may suggest that there is a degree of 

diachronity between the two sections.

Low er Elton Formation

Through the Low er Elton Form ation there is a broad decline in Total POM  follow ed by an 

increase to form er levels (Text-fig. 4.5). Possible explanations are fluctuating sedim entation rates 

(dilution effect) or changing m arine and terrestrial productivity (changing flux o f organic m atter to basin 

floor). In the Low er Elton Form ation the M arine Index fluctuates (Text-fig. 4.5), perhaps indicating a
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period o f alternating high and low sea-levels; M arine Index values are approximately equal in  the low er 

and upper parts o f the form ation, suggesting no general deepening trend. There is, how ever, other 

evidence to suggest that there was a general deepening through the Lower Elton Formation. Scolecodonts 

are com m on in the low er part o f the form ation, but decline to low numbers, or are absent h igher up. 

This m ay, however, indicate a change to an environm ent to which polychaetes were not w ell adapted. 

The Group 4-Group 1 ratio also steadily increases from  the lower to upper parts o f the formation, perhaps 

also indicating a gradual deepening. The individual taxa show a change from Group 1 to Group 3 which 

strengthens the evidence for a change in palaeoenvironm ent between the low er and upper parts o f the 

formation, though this need not have been driven by changes in sea-level. The changes in individual taxa 

also appear to  correlate w ith the fluctuating Total POM  (Text-fig. 4.11). G roup 1-Transition Phase 1- 

Group 2 and T ransition Phase 2-G roup 3 correlate w ith the decrease and increase in  Total POM  

respectively. Just before the Low er/M iddle E lton form ation boundary, the dom inance o f G roup 5 

indicates another period o f environmental stress (Text-figs 4.8, 4.11).

M iddle Elton Formation

A t the boundary level there is a rapid increase in Total POM  which m ay indicate reduced rates of 

sedim entation (Text-fig. 4.6). There is, however, also a decline in land plants and increase in M arine 

Index which suggests either a transgressive pulse or increase in marine productivity.

Above the boundary level the land plants are recorded in higher numbers, though the M arine 

Index and Group 4-Group 1 ratio aie consistently high (Text-figs 4.6, 4.7, 4.9). These high values may 

indicate increased marine productivity or a tiansgression w ith increased offshore influence. The absolute 

values o f all palynofacies groups, and Total POM , increase in the M iddle Elton Foiination (Text-fig. 

4.7), w hich m ay indicate low er sedim entation rates or increased m arine and terrestrial productivity. 

Transition Phase 3 occurs over a shorter range than lower transition phases (Text-figs 4.8, 4.11), which is 

also consistent w ith reduced sedim entation rates. A  period o f highly stressed environm ent a t the 

beginning o f the foim ation is indicated by the dom inance o f Group 5 (Text-figs 4.8, 4.11). Im m ediately 

above this level o f environm ental stress occurs the m assive increase in land plant fragm ents observed in 

the palynofacies analysis (TRENCH4/200-A, 65.18m, Text-fig. 4.11). This is attributed to a period of 

m ore intense run-off, resulting in greater terrestrial input (though there is no concurrent rise  in  the 

sporomoiphs).

The palynofacies analysis has recorded d istinct phases w here the abundance o f individual 

palynodebris types and Total POM  increases (51-61m, 72-80m and 90-98m  above the series boundary, 

Text-fig. 4.11). These phases cannot be attributed simply to reduced sedim entation rates or increased 

productivity, as there are differences in the com position o f each phase. For exam ple, the acritarchs 

increase in a stepped fashion from  Phase 1 to 3, whereas graptolites and land plants have their highest 

abundance in Phase 2. This suggests that there are palaeoenvironmental differences between each phase. 

This is also strengthened by the coiTelation o f these palynofaeies phases to events in the individual taxa 

{Stellechinatum  ? sp. A  event (51-57m); Schismatosphaeridium  sp. A  event (73-79m); E. tenuistriata-T.
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tentaculaferum  event (89-90m)). The different abundance o f these taxa between each event also indicate a 

stepped change in the palaeoenvironment.

The final feature o f the M iddle Elton Form ation is the change from  assemblages dom inated by 

Group 4 to Group 1 in sam ple GOG12/302-A. This suggests that this sample lies w ithin the transition 

phase separating the M iddle and U pper Elton form ations. D rawing inferences from  the stratigraphie 

length o f low er transition phases it is possible to suggest that GOG12/302-A lies approxim ately 2 -10m 

below  the M iddle/U pper Elton form ation boundary. The presence o f thin calcareous siltstones at this 

level was used to suggest a possible transition to typical Upper Elton Form ation Ethologies by W hite & 

Law son (1978, p. 3).

D iscussion

It is clear that the possible palaeoenvironm ental changes used to explain the events observed in 

the palynofacies analysis and the individual taxa could support aspects o f either the eustatic or P  & S 

m odels. W hat is cleai-, however, is that the results o f this analysis show that the events in the earliest 

Ludlow Series are m uch m ore complex than the scenarios proposed by either model.

There is evidence to suggest a steady transgression spanning the Low er Elton Formation, which 

reaches a peak in the M iddle Elton Formation. There is also evidence to suggest that the Low er Elton 

Form ation had either a period o f fluctuating sea-level or a trend o f general deepening before a main 

transgressive pulse at the start o f the M iddle Elton Form ation. This appears to confinn  the eustatic 

model. This model, however, does not deal in detail with the palaeoclimatie or palaeoceanographic effects 

that w ould be linked to eustatic changes. Indeed, sea level changes in the m agnitude o f 50 -100m have 

been proposed for the W enlock-Ludlow series transgression (Johnson & M cKerrow 1991, p. 162), though 

the potentially catastrophic im pact o f such changes on the pattern o f circulation in the palaeo-ocean and 

its effect on the fauna and flora was barely touched upon.

There is also evidence to support the P & S model. A n increase in sedim entation rates is seen in 

the basal Low er Elton Formation, though this increase is short lived. The increase in M arine Index in the 

M iddle Elton Form ation may result from  a greater marine productivity. The change in the dom inance o f 

groups based on individual taxa may also reflect changes in the surface water type. This theory is further 

strengthened by looking at the distribution o f the eurytopic taxa, especially Group 5, wliich show periods 

of high environm ental stress that can be located around the form ation boundaries. The P & S m odel 

attem pts to  explain the changes observed in facies, flo ra  and fauna by fluctuations in the global 

palaeoclim ate and palaeoceanography. As such it attem pts a m ore holistic approach and m anages to 

explain the broad changes in Silm ian facies, fauna and flora well (see Aldridge et al. 1993, Jeppsson et al. 

1995). The model as it stands, however, does not yet contain enough detail for the events recorded herein 

to be clearly related.
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CONCLUSIONS

TAXONOMY.

° Ten new species o f acritaich and prasinophyte alga are described and illustrated: C ym atiosphaera  

lawsonii, Cymatiosphaera multicrista, Cymatiosphaera paucimembrana, Cymatiosphaera triangula, 

B a ltisp h a e r id iu m  ? sp in a tu m , B ued in g iisp h a erid iu m  reticu lum , G lyp tosphaera  he lta ske lta , 

Gorgonisphaeridium  ? listeri, Leptohrachion digitatum  and Pulvinosphaeridium dorningii.

» Thirty-one acritarch and prasinophyte algal taxa are described under open nomenclature.

° The diagnosis o f Psenotopus is em ended to take into account the true nature o f excystment, as is the 

diagnosis o f its only species, P. chondrocheus. The diagnoses of a further eight species are emended: 

C ymatiosphaera octoplana, Dorsennidium  europaeum, D orsennidium  rhomboidium, Eupoikilofusa  

f i l i fe r a , E v ittia  robustisp inosa , P u lvinosphaerid ium  o ligopro jectum , S c h ism a to sp h a e r id iu m  

rugulosum  and Veryhachium trisphaeridium.

° Six new combinations are proposed: Comasphaeridium brevispinosum, D orsennidium  pentagonale, 

Dorsennidium wenlockianum, Evittia aculeata, Evittia almarada and Gorgonisphaeridium citrinum.

BIOSTRATIGRAPHY. The acritarch/prasinophyte algal biozones o f Doming (1981a), for the W elsh Basin, 

and the inform al global zones o f M artin (1989) can be recognised in the type area to some extent. The 

use o f P. stiphrospinata  to identify the base o f the zone 6 (Gorstian-Ludfordian stages) of M artin (1989) 

m ust now be questioned as this taxon has been recovered from the M ulde Foim ation, W enlock Series, o f 

Gotland (Le Hérissé 1989). In the W elsh Borderland, P. stiphrospinata has a first recorded occurrence in 

the Low er E lton Form ation o f the M illichope area (L ister 1970). In the Ludlow  type area it has 

previously been recovered from  the M iddle E lton Form ation (Lister & Downie 1974); its range base is 

identified in the M iddle Elton Form ation herein, 83.5m above the W enlock-Ludlow series boundaiy. L. 

carm inae, another taxon cited as indicative o f zone 6 by M artin (1989), has not been recovered in this 

study and has a first recorded occurrence in the Lower Bringewood Formation o f the Ludlow area (Lister & 

Downie 1974). U nder the scheme of M artin (1989) the ranges o f P. chondrocheus and V. dilatispinosa  (= 

V. pirifera  herein) extend just into the base o f zone 6. In  this study, P. chondrocheus and V. p irifera  have 

their range bases in  the M iddle Elton Form ation, 87.765m  and 95.73m  above the series boundary 

respectively; this concurs w ith the schem e o f M aitin  (1989). L ister & D ow nie (1974) recorded V. 

d ila tisp inosa  (=V. pirifera  herein) into the basal Piidolf Series, which appears to correlate w ith the 

doubtful occurrence listed by M artin (1989, fig. 150).

The range o f E. wenlockensis  (Biozone W3 o f D om ing 1981a), m ost frequent across the series 

boundaiy, is extended into the M iddle Elton Form ation. E. granulata  (B iozone W 3) has a range top, 

herein, 0.54m  above the series boundary (Lower E lton Formation), which concurs w ith the schem e of 

D om ing (1981a). The use o f this taxon in biostratigraphy m ust be questioned, however, as it m ay be 

strongly facies controlled (see D om ing 1981a, p. 192). Biozone W3 is also identified by com m on L. 

arbusculiferum , w ith D. stenodictyum, M. am ydra  and P. wenlockium  occuning  in the upper part o f the 

zone (Dom ing 1981a). The relative frequencies o f these taxa, as recorded herein (Appendix 2), concur, in
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part, w ith the scheme of D om ing (1981a). The highest relative frequencies o f L. arbusculiferum  and D. 

stenodictyum  occur around the series boundary; P. w enlockium  and M  am ydra, however, have their 

highest relative frequencies higher in  the Low er Elton Form ation (Appendix 1), w ithin w hat D om ing 

(1981a) identified as B iozone L I. B iozone L I is identified herein by B. pyram idale  and N. mayhillense; 

their ranges are extended into the M uch W enlock Lim estone Form ation, creating an overlap betw een 

Biozones W3 and L I. Biozone L2 m ay possibly be recognised in the uppermost M iddle Elton Foiination 

sam pled herein. M aterial identical to G. ? listeri sp. nov. was incorrectly included in synonymy with one 

o f the zone taxa, G. bringewoodense, by D om ing (1981a). No specimens resem bling the holotype o f G. 

bringewoodense have been found.

PALYNOFACIES ANALYSIS. A t Pitch Coppice Quaiiy a W enlock-Ludlow boundary event, marked by the 

increase in abundance o f several palynofacies groups and fluctuations in the individual taxa, correlates 

with the carbon isotope event o f Corfield et al. (1992). This carbon isotope event was related to a decline 

in graptolite diversity (nassa  Biozone) and to the oxygenation events in the basin (Kemp 1991). The true 

cause o f this d^^C decline appears to have been transgression-induced sedim ent rew orking  w hich 

concentrated organic m atter rich in ^^C, especially the large size fraction. The increase in values o f the 

G roup 4:G roup 1 ratio at this level m ay also indicate a greater offshore influence. This event in  the 

palynofacies and individual taxa is also present at Goggin Road, though it is recorded at a slightly higher 

level, suggesting the event is diachronous between the two localities.

The palynofacies analysis and frequencies o f individual acritarch and prasinophyte algal taxa 

suggest a series o f events through the Low er and M iddle Elton formations that ean be broadly correlated, 

though the exact driving m echanisms are debatable. Evidence can be used to suggest fluctuations in sea 

level, m arine and terrestrial productivity, sedim entation rates or palaeoenvironm ent/palaeoceanography. 

They ean also indicate, in some instances, periods o f increased environmental stress or terrestrial run-off. 

The evidence supports aspects o f both the eustatic m odel (e.g. M cKerrow 1979) and clim atic/oceanic 

(P&S) model o f Jeppsson (1990). It is apparent, however, that the events suggested by the palynofacies 

analysis and individual taxa are m ore complex than can be adequately explained by either model.

FUTURE RESEARCH. Before the biosUatigraphic scheme of Doming (1981a) can be emended, contiguous 

sections, that occupied positions on the shelf or shelf edge during latest W enlock-eailiest Ludlow times, 

need to be examined.

The combination analysis o f palynofacies and individual taxa shows great potential for detailing 

aspects o f palaeoenvironm ent. Sim ilar analyses need to be com pleted through a larger tim e span to 

ascertain w hether the events recorded herein are restricted to the Ludlow Series, or w hether they are 

repeated cyclically through the stratigraphie column. W ith more analyses, not only in different ages, but 

also in contiguous sections here and abroad, it will be possible to m ore rigorously test the eustatic and 

clim atic/oceanic (P & S) models.

In general, the prospects for using acritarchs and prasinophyte algae in biostratigraphy would be 

g reatly  im proved i f  a definitive schem e o f classification was developed for them. A t present, the
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differences in value, w ith regards to use in classification, assigned to each m orphological features varies 

author to author.
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APPENDIX 1

ABSOLUTE ABUNDANCE OF ACRITARCHS AND 
PRASINOPHYTE ALGAE, GOGGIN ROAD, MORTIMER FOREST, LUDLOW.
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APPENDIX 2

RELATIVE ABUNDANCE OF ACRITARCHS AND 
PRASINOPHYTE ALGAE, GOGGIN ROAD, MORTIMER FOREST, LUDLOW.
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I
H

i
[
s,
I

sC

I'

I

I
I
I

i i  [ i

> 3  0.2

g= 0 .3 -

00 3  0.04

g 0 .0 6 -

' i | i i i i i [ ^ [ ï i i  1 i r " '  ‘i | i ' i i L H i \* i i | i * i -

0.3-1

II 4 -

5

0 y

1 1 1 1 1 1 1 1 11 i

i r

| | 0 . 0 4

I |0 .0 8  

?  i:o .i2

I I 0.16

g, 0
|o .0 5  

^  1 -0 .10  

>  I  0.15

| o .20
§0 .25

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 ^ _

1

—
1

1 . 1 , ,  I I I I I I I L J  I J  L J  L



Metres above / below Wenlock - Ludlow series boundary „ „ „ „ „ „ „

e  0

i i î
», 0

l _ , j  1 I I l « ^ l ^  . 1  , . l .  L m _ l  I L J  I I L

I
?
s.

îl »-
î |

^ 0 .6 -

3  °I r , 0 . 0 5

f  I  0 . 1 0  
% 2*
g . ^ 0 . 1 5 -

g  È = 0 .2 0

^  0 . 2 5 -

| |  0 .2 : 

i i
3 0.8
?

| |  " 1-

^  i '  r  j i i  w  u n '  n  •  [ *  I  '

-J  I , I L_

1 1 ! 1 1 1 1 1 1 1 1 1 1 1

_ »

J 1 J

_J L I I I ! I I

0 .2 -

3 0.3-1 
^  0

#
J  1 I I I I I I L J  I I I I i  I L

8

f
S’

Î

I

| ‘|0.04

| o .06

|0.04
? t 0 . 0 8

^ f o . l 2 -
& 0.16 :

J  I  I I I L J  I I L

1 1 1 I  1 t 1IJ 1 1 !  1 1 > 1 1 1 1 1 !  1 '  i  !

»

»

5^0.05-
1 3.0.10-

i  k " -g | o .20
0.25

0

t t r
J 1 I I I I I I L I I I I  J_

Î Î
I 6

I . J  I I I I I I I I i

0-

l | E
2.5 J

J  L J ------- L*— I-----J 1------ 1-------L



Metres above / below Wenlock - Ludlow series boundary
« s

II 4 4  4

!? 0.4

S: 0 .8 -

i l  2.0

44«»yi|n4%

H a 0.03

go.05

i  B 0.3

a 0.02

>»0.04

2 0.06

t>i 0.5

'§;& 1.5



s  g’|-g0.04-
l ' | 0 0 8

.0 .1 2

0.16
0

Metres above /  below Wenlock - Ludlow series boundary
S

J  I I I 1 I I I I I I I 1 I 1 . 1

S | ?

III
30-
40

0

i

Î
I

J  1 I I i  L  I I J  I I I

i

f
£.

I

#. 0.01 : 
# ,g o .0 2 :  

I - 1-0.03 J  
I 0.04 

0.05

i f i
H t l

| | o . o !

H S;S^
■o ^ 0 .0 4  
= 2 0.05 

0.06-1

1 0 . T

o i

I I I I

J 1 , 1 ,  I I I L

1 1 i I I 1 1 1
»

'

1

»

1 ,
»

k i

t
'

'

i

»
1

I  0.5

Î  °
0  0.05 

_0.25

-
------ '------'----- '------'------'------'-----

»
V ;[  "  * %  1 i  •  * ^

- # p

-  ' 1
J  I I I L J  I I I 1 - . ^ .

- 4 ^

ï î s i

n i l :  
>6:0.06 

I 0.07-

i I I I I _ !  I I I I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Î1 0 .1 -II
I'

1 i ‘ ^ 4  , # I #—J »  #il » #1» #4 1 y 1

i.

1 3 -



Metres above / below Wenlock - Ludlow series boundary
O  »  to to w

I  0 .1 -  

■ s f  0 .2 -
> f  0.3- 

I  0.4- 
§ 0.5-

r ,  0 - 1 11 1 1 111

% 0.5

I. §"0.04

g go. 12
i §

g - |  0.05- 
0 .1 0 -

5-0.05
.@ % 0 .1 0 -

> io .l5

0.25-

5" 0.2

g. 0.6

8
0-

IK»:
§ “ 0.25- 

0.30

J  I I I I L J  I L



Metres above / below Wenlock - Ludlow series boundary

I I I [ I .  . 1  . - L _ .  L .  . 1 J

I I I I

s  1^0.02
% a
^ 'g '0 .0 4

0.06

_ _ _ L

I
[ U 1 1  i l l  I » T  ^ W

I Ï 0 .2 -

I _ I I I

* #

0 .3 ^

I f '

S '

o

s.I
I
I

IÏ1H1 ui i l l■g ST 0.5

' 5 -
â 2.0

1



0.2

^ # & 4 :

B & o s ,
3 ^  0 .8 -

Metres above / below Wenlock - Ludlow series boundary „

_ J  I I I I I L  I I I L nri
I f

■ ^ g  0 .8 -

J  L

i l “ :
^  1. 6 -

0 - ,  

§ 0.1

f  0.3- 
0.4

I I .  I J  I L I . 1 ,

«
I .  .  I . . .  . 1 .  I .  . .  . 1 J  I L

■ M r

0

■1^0.02-

* g ° " :
|0.06
"“ o.OS-

• è
I I I ■ I I I I I

T T

f
73

I

r

3 . 0.6

J  L J  L J  L

3 0.05
»  J -0 .1 0

^ 0.20



Metres above / below Wenlock - Ludlow series boundary

%
g; 0.004

■p I  0.008
035;

I  0.012

->0.016

I I I I I I [ I

O  — N- K) W
LA O  LA O  LA O

I

I

3.

z r

I
t
O

I
I

II 0.5-

ijH:
 ̂ 2.5-

<»è

11

B
1 I

I 2 -

I
I'

i 1 i J----1— 4. .  I i i 1 -J

0.5-
1.0
1.5- 
2 .0 -

2.5- 
3.0 J

&0.05 
_ jO .IO

mg-0.15

I . I I 1 I I ,  I i  I

J 1 1 1 1 1 1 1 i . 1 1 1 ,_L

0.1 -

0 .2 -

0 .3 ^



i

f
î
s,
I

“S

t
O

I
î
î

Metres above / below Wenlock - Ludlow series boundary

n-L

Î 2-

1
4
6-

-L m -L ##!### I— *l#e 4 <

1 1 1 i 1 1 1 1 i#— L 1 1 1 1 1 1 I0

r l 0.4-

I' 0 .6 -

i i i i 1

I  ? 0 .1 0 - 
|§ 0 .1 5 -  
S .- I0 .2 0 -  
s 50.25- 

0.30-

tnto 1W F t
i _ _ _ I

§■ 1 -0.05- 
1 1 010- 
■ l | 0 . 1 5 -  
-■ g -0 .20- 
?  I  0 .2 5 - 
g &0 30- 
< I  0.35

S’ 0

J---
Ï

J__

1 1  olio

R 1 0 .2 0 -  I S0.25 
1 0.30-1 

0

#  è

J  I I 1 I  1 J  L J  L

i f  r
10
12-1
0

0.01

I , n , i , . - I I

W M l

» 1-0.02 
■ P^.0.03-^ 
^ |0 .04-  

 ̂0.05- 
0.06 

g  0 
1 0.01 

a 10.02 
E.10.03

§0.05
|0.06
10.07

J  I L J  L J  L J  I I J  I I L J  L

1 0 r # — 1 -  b  1 1 1 1 J _ .  , , i ,

»

. 1 1 1 1 1 1 1 1 1 1 1 1 1 1

<
»

•



Metres above /  below Wenlock - Ludlow series boundary
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APPENDIX 3

ACRITARCHS AND PRASINOPHYTE ALGAE - ABUNDANCE 
PER GRAM AT GOGGIN ROAD.
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APPENDIX 4

ACRITARCHS AND PRASINOPHYTE ALGAE - ABUNDANCE 
PER GRAM AT PITCH COPPICE QUARRY.
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APPENIKX 5

PALYNOFACffiS ANALYSIS OF GOGGIN ROAD
ABSOLUTE ABUNDANCE PER GRAM.
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APPENDIX 6

PALYNOFACIES ANALYSIS OF PITCH COPPICE QUARRY
ABSOLUTE ABUNDANCE PER GRAM.
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Cymatiosphaera octoplana Downie 1959 emend. 13

11 Specimen with stiiae m embrane bases, x 1000, M uch W enlock Limestone 

Formation (G 0G 1/7-C  (1) - LlO/1).

12 As fig. 11, showing reticulate vesicle ornament, x lOOO(DIC).

13 Sub triangular example, x 1000 (DIG), Low er Elton Foim ation (GOG2/69- 

A (1) - R39).

Cymatiosphaera paucimembrana  sp. nov. 14

18 Specimen showing large nature o f fields, x 1000 (DIG), M iddle Elton 

Formation (GOG6/275-A (1) - 035/1). Holotype.

19 xlOOO, M iddle Elton Fonnation (GOG4/204-A (1) - 029/2).

Cymatiosphaera aff. pavimenta  (Deflandre 1945) Deflandre 1954. 15

14 X 1000, M uch W enlock Limestone Formation (G 0G 1/7-G  (1) - S32/2).

15 Specimen almost split into two equal halves by unornamented rupture,

X 1000 (DIG), Low er Elton Formation (GOG2/37-A (1) - RIO),

Cymatiosphaera triangula sp. nov. 16

16 X 1000, Low er Elton Form ation (T R E N G H l/ll-A  (1) - L47/1). Holotype.

17 X 1000, M uch W enlock Limestone Formation (G 0G 1/2-G  (2) - P38/1).

Cymatiosphaera sp. h .  16

20 X 1000, M iddle Elton Formation (GOG12/302-A (1) - K31/1).

21 X 1000, M iddle Elton Formation (GOG9/292-A (2) - S39/1).



PLATE 1

Fig .

Cymatiosphaera aff. comifera  Deunff 1955. 8

1 Specimen showing central projections, x 1000, M uch W enlock Limestone 

Formation (G 0G 1/2-C  (2) - R46/2).

2 As f i g .  1, X  1000.

Cymatiosphaera ? cf. impeifecta  Le Hérissé 1989. 9

6 Specimen with isolated fields, x 1000, M uch W enlock Limestone 

Formation (PC3-C (1) - T50).

7 Specimen with irregular fields, x 1000, M uch W enlock Limestone 

Formation (G 0G 1/2-C  (2) - R36/1).

8  X  1000, M iddle Elton Formation (TRENCH5/222-A (1) - Q34/4).

Cymatiosphaera aff. ledburica Doming 1981a. 10

9 X  1000, Low er Elton Fonnation (TREN CH l/11-A  (1) - Q46/2

Cymatiosphaera mariae Cramer, Diez, Rodriguez & Fombella 1976 emend 11

Le Hérissé 1989.

10 X 1000, M iddle Elton Fonnation (TRENCH4/187-A (1) - L48).

Cymatiosphaera multicrista  sp. nov. 12

4 Specimen with unornamented rupture, x 1000, M uch W enlock Limestone 

Formation (G 0G 1/7-C  (1) - K42/4). Holotype.

5 Thin walled example, x 1000, M uch W enlock Limestone Fonnation 

(G 0G 1/7-C  (2) - U38/3).

Cymatiosphaera aff. multisepta  D eunff 1955. 12

3 xlOOO, Lower Elton Formation (GOG3/131-A (1) - H37).
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A m m onid ium  sp. A. 34

21 X 1000, M iddle Elton Fonnation (TRENCH5/220-A (1) - M 30/4).

Baltisphaeridium middiensis Le Hérissé 1989. 35

22 Specimen with circular structures, simple and branched processes, x 750 

(DIG), M uch W enlock Limestone Formation (PC3-C (1) - S44).



14 Example with central dark area and linear fold, x 1000, M uch W enlock 

Limestone Formation (G 0G 1/7-A  (2) - R39/3).

Melikeriopalla amydra  Tappan & Loeblich Jr. 1971. 23

11 Specimen with large and fine pores, x 500, M uch W enlock Limestone 

Formation (G 0G 1/7-C  (1) - M 34).

3 As for fig. 11, detail o f wall structure, x 1000.

12 X 500, Lower Elton Formation (GOG3/127-A (1) - P38/3).

Polyedrixium wenlockium  (Dom ing 1981a) Le Hérissé 1989. 26

13 X 500 (DIG), M uch W enlock Limestone Formation (TRENGH1/9-G (1)

W43).

Pterospermellafoveolata D oinm g  1981a. 27

19 Large specimen with unopened rupture, x 500 (DIG), Lower Elton

Formation (PG 18-0 (1) - K53/3).

Pterospermella sp. A. 28

17 X 1000, M uch W enlock Limestone Formation (PG5-G (2) - U59/4).

Pterospermella  sp. B. 28

15 Specimen with laevigate vesicle, x 1000, M uch W enlock Limestone 

Formation (PG8-G (2) - Q19).

16 Exam ple with granulate vesicle, x 1000, M uch W enlock Limestone 

Form ation (PG7-G (2) - L54/3).

Quadratitumfantasticum  Gramer 1964b. 30

18 X 1000, M uch W enlock Lim estone Fonnation (TRENGH1/9-G (1) - S38).

Am m onidium  waldronense (Tappan & Loeblich Jr. 1971) D om ing 1981a. 33

20 X 1000, M iddle Elton Fonnation (TRENGH5/216-A (2) - QIO).
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Cymatiosphaera lawsonii sp. nov. 10

6 X 1000, Low er Elton Formation (TRENCH3/151-A (1) - Q36). Holotype

Cymatiosphaera  sp. B. 17

1 X 1000, M iddle Elton Fonnation (TRENCH4/192-A (2) - T51/2).

Dictyotidium  biscutulatum  K iiyanov 1978. 17

7 Example with unornamented rupture, x 1000, M iddle Elton Fonnation 

(GOG6/259-A (1) - M40/1).

Dictyotidium  faviform e  Schultz 1967. 18

2 Small exam ple, x 1000, M iddle Elton Formation (TRENCH4/192-A (1) - 

T45).

4 Specimen with a rigid wall, x 500, M uch W enlock Limestone Formation 

(G 0G 1/2-C  (1) - J44).

5 As for fig. 4, detail o f porous wall (DIG).

8 Large specimen, x 500 (DIG), M uch W enlock Limestone Fonnation (PG3- 

C (1) - Q44).

Dictyotidium  stenodictyum  Eisenack 1965a. 19

9 Specimen with dense reticulae, large projections and unopened rupture with 

thickened lips, x 500 (DIG), M uch W enlock Limestone Fonnation 

(GOG 1/2-A  (2) - U28/3).

10 Example with large reticulae and small projections, x 500 (DIG), M iddle 

Elton Formation (TRENGH4/167-A (2) - T38/3).

Duvernaysphaera aranides (Gramer 1964b) Le Hérissé 1989. 21
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Cymbosphaeridium p ila r  (Cramer 1964b) Lister 1970. 46

9 X 600 (DIG), M iddle Elton Formation (TRENGH5/216-A (2) - P40).

10 Specimen showing vesicle ornament and rear side of the equatorial suture 

that almost divides the vesicle in two, x 600 (DIG), M iddle Elton 

Formation (TRENGH5/216-A (2) - T14/2).

Cymbosphaeridium  sp. A. 47

11 X 1000, Lower Elton Formation (GOG3/94-A (1) - M37/4).

Dateriocradus cf. monterrosae (Gramer 1969a) Pôthé de Baldis 1981. 47

12 X 1000, M uch W enlock Limestone Fonnation (TREN G Hl/lO -A  (2) - 

T44/3).

Dateriocradus sp. A. 50

13 X 500 (DIG), M uch W enlock Limestone Fonnation (G 0G 1/7-G  (1) - M 12).

Dorsennidium europaeum  (Stockmans & W illière 1960) Sarjeant & 52

Stancliffe 1994 emend.

14 X 1000, M uch W enlock Limestone Fonnation (PG9-G (2) - S52).

Dorsennidium  form osum  (Stockmans & W illière 1960) Saijeant & 53

Stancliffe 1994.

15 X 600, Lower Elton Formation (GOG3/127-A (1) - U29).

Dorsennidium pentagonale  (Stockmans & W illière 1963) comb. nov. 54

16 X 1000, M uch W enlock Limestone Formation (G 0G 1/7-G  (1) - K15/2).
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Baltisphaeridium muldiensis var. A. 37

1 X 750 (DIC), Low er Elton Formation (GOG2/42-A (1) - K40/1).

Baltisphaeridium  sp. A. 37

2 X 900, M uch W enlock Lim estone Fonnation (P C 6-0  (1) - U48/1).

Buedingiisphaeridium pyramidale Lister 1970. 38

3 Exam ple showing pyramidale processes with solid tips, x 1000, Lower 

Elton Form ation (TRENCH4/163-A (1) - S47/2).

4 Specimen with rounded processes, x 1000, M uch W enlock Limestone 

Formation (TRENCH1/9-C (1) - R44/4).

Buedingiisphaeridium reticulum  sp. nov. 39

5 Specimen with unornamented rupture, x 750, Lower Elton Formation 

(GOG2/69-A (1) - G45/3). Holotype.

Carminella maplewoodensis Cramer 1968a. 40

6 X 750, Low er Elton Formation (TRENCH3/154-A (2) - 041/3).

Comasphaeridium brevispinosum  (Lister 1970) comb. nov. 42

7 X 1000, M uch W enlock Limestone Formation (TRENCH1/9-C (1) - 

M 48/4).

Comasphaeridium williereae (Deflandre & Deflandre-Rigaud 1965 ex Lister 43

1970) Sarjeant & Stancliffe 1994.

8 X 1000, M uch W enlock Limestone Formation (PC9-C (1) - 056/1).



1 '

3  4

4  '

Y:.'T

V, y % • &
\

6 8

\ " M

<
I

V

10 11 12

Vi

. / •

J

' i
/

X

I f :

13 14 15 16



Glyptosphaem heltaskelta sp. nov. 69

10 X 1000, M iddle Elton Fonnation (TRENCH4/183-A (1) - L29/1).

Leiofusa estrecha Cramer 1964a 83

7 X 500 (DIC), Lower Elton Fonnation (GOG2/75-A (2) - X5).



PLATE 4

F ig . Page

Dorsennidium rhomboidium  (Downie 1959) Sarjeant & Stancliffe 1994 55

emend.

1 X 600, Low er Flton Formation (GOG2/37-A (1) - N28/1).

Dorsennidium wenlockianum  (Downie 1959 ex W all & Downie 1963) 57

comb. nov.

2 X 1000, M uch W enlock Lim estone Formation (PC2-C (1) - S44/1).

Eisenackidium wenlockense Doming 1981a. 59

3 X 1000, M uch W enlock Limestone Fonnation (G 0G 1/2-C  (2) - 038).

Eisenackidium  sp. A. 60

4 X 1000, M uch W enlock Limestone Fonnation (TRFNCH1/7-C (2) - S48).

Estiastra granulatüDovjnie 1963. 61

8 X 400 (DIC), M uch W enlock Limestone Formation (P C l-C  (1) - G49/4).

Eupoikilofusa fü ife ra  (Downie 1959) Dom ing 1981a emend. 63

5 X 500 (DIC), Low er Flton Formation (TRFNCH1/17-A (1) - M 40/3).

Eupoikilofusa tenuistriata (Pôthé de Baldis 1975) Pôthé de Baldis 1981. 64

6 X 750 (DIC), M iddle Flton Formation (TRFNCH5/214-A (1) - Q26).

Evittia remota  (Deunff 1955) Lister 1970 Group 66

9 X 500 (DIC), Low er Flton Formation (GOG2/75-A (1) - 031).
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Helosphaeridium 1 sp. C. 79

20 X 1000, Low er Elton Formation (GOG2/69-A (1) - 042/3).



8 X 1000 (DIC), Lower Elton Formation (GOG2/37-A (1) - J33).

Gorgonisphaeridium  sp. A. 74

5 xlOOO, M uch W enlock Limestone Fonnation (PC2-C (1) - T45/1).

Gorgonisphaeridium  sp. B. 75

9 Specimen with bifurcate and simple processes, x 1000, Lower Elton 

Form ation (TRENCH 1/11-A (1) - S40/4).

Hapsidopalla jeandeunffii Le Hérissé 1989. 76

14 Example showing an unornamented rupture, x 1000, M uch W enlock 

Lim estone Formation (G 0G 1/7-C  (2) - P45/3).

Helosphaeridium clavispinulosum  Lister 1970. 77

15 X 1000, Low er Elton Formation (GOG2/62-A (1) - P41).

Helosphaeridium latispinosum  Lister 1970. 77

16 X 1000, M iddle Elton Fonnation (GOG 12/302-A  (1) - M40/3).

Helosphaeridium pseudodictyum  Lister 1970. 78

18 Specimen with an unornamented rupture, x 1000, M uch W enlock 

Lim estone Formation (G 0G 1/7-C  (1) - K17).

Helosphaeridium  sp. A. 79

19 X 1000, Low er Elton Formation (GOG3/127-A (1) - R40/3).

Helosphaeridium sp .B . 79

17 X 1000, M iddle Elton Formation (GOG8/286-A (1) - P43).

21 X 1000, M iddle Elton Formation (GOG7/279-A (1) - S32).
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Dorsennidium  sp. A. 58

1 X 1000, M uch W enlock Limestone Formation (PC5-C (1) - S23/4).

3 X 1000, m uch W enlock Limestone Formation ((PC7-C (1) - Q17/4).

Evittia robustispinosa (Downie 1959) Le Hérissé 1989 emend. 68

6  X 1000, Low er Elton Formation (GOG3/98-A (2) - T33).

Glyptosphaem speciosa Kiryanov 1978. 70

7 X 750, Low er Elton Formation (GOG3/100-A (1) - Q48).

Gorgonisphaeridium citrinum  (Downie 1963) comb. nov. 71

4 X 1000, M uch W enlock Lim estone Formation (P C l-C  (1) - S42/3).

Gorgonisphaeridium  ? listeri sp. nov. 72

10 Subtriangular specimen, x 1000, M iddle Elton Formation (GOG6/269-A 

(1) - S45/4). Holotype.

11 X 1000, M iddle Elton Formation (GOG12/302-A (2) -  Q29/3).

Gorgonisphaeridium  ? listeri var. A  73

12 X 1000, Low er Elton Formation (TRENCH2/88-A (2) - P31/3).

13 X 1000, Low er Elton Formation (TRENCH2/83-A (1) -  046/3).

Gorgonisphaeridium ramosum  Pôthé de Baldis 1981 73

2 X 1000, Lower Elton Formation (T R E N C H l/ll-A  (1) - Q40).

Gorgonisphaeridium succinum  L ister 1970. 74
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10 X 1000, M uch W enlock Limestone Formation (G 0G 1/2-C  (2) - Q36).

M icrhystridium  inflatum  (Downie 1959) Lister 1970. 90

13 & 14 X 630, Lower Elton Formation (TRENCH1/23-A (2) - T51/4).

M icrhystridium intonsurans (Lister 1970) D om ing 1981a. 91

12 X 1000, M iddle Elton Formation (GOG12/302-A (1) - Q47).

Micrhystridium stellatum  Deflandre 1945a. 92

11 X 1000, Low er Elton Formation (GOG2/37-A (1) - G34/1).

M icrhystridium  sp. A. 93

15 X 1000, M uch W enlock Limestone Formation (PC5-C (2) - U59/4).

M icrhystridium  ? sp. B. 94

6 ' X 1000, M iddle Elton Formation (GOG5/236-A (1) - Q41/3).

16 X 1000, M iddle Elton Formation (GOG6/252-A (1) - 034).

M ultiplicisphaeridium  sp. A. 98

17 & 18 X 1000, Low er Elton Formation (GOG2/47-A (1) - L46/2).
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Fig.

Hoegklintia  cf. com llina  (Eisenack 1959) Le Hérissé 1989. 80

1 X 400 (DIC), M uch W enlock Limestone Formation (G 0G 1/5-C  (1) -

Q28/2).

Hoegklintia  cf. digitata  (Eisenack 1938) Dom ing 1981a. 81

2 X 400 (DIC), Low er Elton Formation (TRENCH1/12-A (1) - R34/3).

Leiofusa parvitatis Loeblich Jr. 1970. 84

9 X 1000, Low er Elton Formation (GOG2/37-A (1) - N38).

Leptobrachion arbusculiferum  (Downie 1963) Doming 1981a. 86

4 X 1000, M uch W enlock Limestone Formation (P C 2-0  (1) - T46/2).

Leptobrachion digitatum  sp. nov. 87

5 X 1000, Low er Elton Formation (T R E N C H l/ll-A  (1) - N40/4). Holotype.

Leptobrachion  sp. A. 87

3 X 750 (DIC), Low er Elton Formation (GOG2/37-A (1) - H46/3).

Leptobrachion sp. B. 88

8  X 1000, M iddle Elton Formation (TRENCH5/222-A (2) - Q48/2).

Leptobrachion sp. C. 88

7 X 1000, Low er Elton Formation (PC 18-A (1) - M 63).

Lophosphaeridium  sp. A. 89
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9 X 1000, Low er Elton Formation (GOG3/103-A (1) - M 35/4).

Oppilatala septispinosa  (Lister 1970) Le Hérissé 1989. 104

8 Specimen with large rupture, x 1000, Lower Elton Formation

(TRENCH4/165-A (1) - V46/1).

Ozotobrachion cf. dicros Loeblich Jr. & Drugg 1968. 105

7 X 500 (DIC), Lower Elton Formation (PC20-A (1) - Q42/2).

Percultisphaera stiphrospinata Lister 1970. 107

12 X 1000, M iddle Elton Foim ation (GOG12/302-A (2) - Q3).

13 X 600 (DIC), M iddle Elton Formation (GOG12/3020A (2) - 034).

Psenotopus chondrocheus Tappan & Loeblich Jr. 1971 emend. 108

14 X 750, Lower Elton Formation (GOG2/75-A (1) - W35).

15 Specimen showing central, circular pylome ringed by ornament, x 750,

Lower Elton Fonnation (TRENCH2/83-A (1) - S40/1).

Pidviiwsphaeridium oligoprojectum  Downie 1959 emend. 110

16 Thin walled specimen, x 250, M uch W enlock Limestone Formation 

(PC5-C ( 2 ) - V51).
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Multiplicisphaeridium arbuscidum D oining  1981a. 95

1 X 750, Low er Elton Formation (TRENCH1/14-A (1) - U34/2).

M ultiplicisphaeridium arbusculum  var. A. 96

5 x750. Low er Elton Formation (TRENCH2/90-A (1) - 029/2).

M ultiplicisphaeridium eltonense D om ing 1981a. 96

2 X 1000, M iddle Elton Formation (GOG6/275-A (1) - U18/1).

M ultiplicisphaeridium variabile (Lister 1970) Dom ing 1981a. 97

3 X 750, Low er Elton Formation (GOG2/37-A (1) - M 37/4).

M ultiplicisphaeridium  sp. B. 98

4 X 1000, M iddle Elton Formation (GOG6/259-A (1) - Q39/4).

M ultiplicisphaeridium  sp. C. 99

10 X 1000, Low er Elton Formation (GOG2/62-A (1) - P43).

Neoveryhachium mayhillense D om ing 1981a. 100

6 X 500 (DIC), M uch W enlock Limestone Formation (PC9-C (1) - K55/3).

Onondagella deunffii Cramer 1966c emend. Le Hérissé 1989. 101

11 X 500 (DIC), Lower Elton Formation (GOG3/103-A (1) - Q34/3).

Oppilatala ramusculosa (Deflandre 1942 ex Deflandre 1945) Doming 1981a. 102
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5 X 500 (DIC), Lower Elton Formation (T R E N C H l/ll-A  (1) - S36/1).

Tasmanites spp. 31

9 Specimen with unopened rupture, x 300, M iddle Elton Formation 

(TRENCH4/197-A (2) - 041/4).

Tunisphaeridium tentaculafemm  (Martin 1967) Cramer 1970a. 116

10 X 750 (DIC), M iddle Elton Formation (GOG6/256-A (1) - G36/4).

Veryhachium trisphaeridium  Downie 1963 emend. 118

11 X 1000, M uch W enlock Limestone Formation (P C 8-0  (2) - Q18).

Visbysphaem microspinosa (Eisenack 1954a) Lister 1970 Group. 120

13 X 500 (DIG), Low er Elton Formation (T R E N C H l/ll-A  (1) - U38/4).

14 Specimen with unornamented rupture, x 750 (DIC), Lower Elton 

Formation (TRENCH1/12-A (2) - T31/4).

Visbysphaem pirifera  (Eisenack 1954a) ICiryanov 1978. 121

12 X 750 (DIC), Lower Elton Formation (GOG2/37-A (1) -  R15).

Baltisphaeridium  ? spinatum  sp. nov. 37

18 & 19 X 1000, M iddle Elton Formation (GOG5/245-A (1) - R44/2). Holotype.

20 Group o f 4 individuals, one with a circular pylome, x 1000, Low er Elton

Formation (TRENCH4/LE2-A (1) - R42).

Visbysphaem  sp. A. 123

15 X 1000 (DIC), Lower Elton Formation (GOG2/42-A (1) - L44/2).
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Pulvinosphaeridium dorningii sp. nov. 110

2 Thick walled specimen, x 250, Lower Elton Fonnation (GOG2/69-A (2) - 

N22).

3 Thin walled specimen, x 400, Lower Elton Formation (GOG2/69-A (2) - 

R35). Holotype.

Pulvinosphaeridium oligoprojectum  Downie 1959 emend. 110

1 Thick walled specimen, x 250, M uch W enlock Lim estone Fonnation (PC5-

C (2) - R52).

Salopidium granuliferum  (Downie 1959) Dom ing 1981a. 112

4 X 1000, M uch W enlock Limestone Formation (G 0G 1/7-C  (1) - 0 9 ).

Salopidium  sp. A . 113

6 X 1000, M iddle Elton Formation (TRENCH5/216-A (1) - S45).

Schismatosphaeridium rugulosum  Dom ing 1981a emend. 114

7 Specimen showing thickened pseudopylome, x 1000, Lower Elton 

Formation (GOG2/37-A (1) - P35/4).

8 Example displaying pseudopylome and unornamented rupture, x 1000,

Low er Elton Formation (TRENCH 1 /23 - A  (2) - V36).

Schismatosphaeridium  sp. A. 114

16 X 1000, M iddle Elton Formation (GOG5/241-A (1) - 041/4).

17 X 1000, Low er Elton Fonnation (GOG3/103-A (1) - L33/2).

Stellechinatum  ? sp. A. 115
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Cymatiosphaera triangula sp. nov. 16

10 Specimen showing tliicker walled inner body with projections from the 

fields, X 1000, M uch W enlock Limestone Fonnation (PC2-0).

11 As f i g .  10, X  2000.

Dictyotidium  bisciitulatum  Kiryanov 1978. 17

13 X1000, M iddle Elton Formation (GOG4/212-A).

14 As fig. 13, detail showing reduced, or absent, ornamentation near the 

membranes, x 3000.

Dictyotidium  faviform e  Schultz 1967. 18

15 Small specimen, x 2000, M iddle Elton Fonnation (GOG4/207-A).

16 Large speeimen with unopened rupture, x 750, M uch W enlock Limestone 

Fom ration (P C l-C ).

D ictyotidium  stenodictyiim  E isenack 1965a. 19

17 Specimen with unopened rupture, possessing thiekened lips, dense reticulae 

and large projections, x 500, Lower Elton Formation (GOG2/42-A).

18 Specimen with larger reticulae and smaller projections, x 500, M iddle Elton 

Formation (TRENCH5/220-A).
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Cymatiosphaera aff. comifera  Deunff 1955. 8

1 Specimen with simple, unornamented, rupture and complex central 

projeetions, x 1000, M uch W enlock Limestone Fonnation (G 0G 1/2-C).

2 Specimen possessing unopened rupture, with thiekened lips, and sparse 

projeetions positioned randomly within fields, x 1000, M uch W enlock 

Lim estone Formation, (G 0G 1/2-C).

Cymatiosphaera lawsonii sp. nov. 10

6 Speeimen with sim ple rupture, x 1000, Lower Elton Formation (GOG2/42- 

A).

7 As fig. 6, detail o f reticulate vesicle ornament, x 2000.

8  X 1000, Low er Elton Formation (GOG3/127-A).

Cymatiosphaera aff. ledburica D oming 1981a. 10

3 X 1000, M iddle Elton Formation (TRENCH6/251-A).

4 As fig. 3, detail o f fine retieulate vesicle ornament, x 2000.

Cymatiosphaera mariae Cramer, Diez & Fomhella 1976 emend. Le Hérissé 11

1989.

5 Detail of a single field showing the eentral circular stnrcture, x 3000,

M iddle Elton Formation (TRENCH5/216-A).

Cymatiosphaera multicrista sp. nov. 12

12 Specimen with unornamented rupture, x 1500, M ueh W enlock Limestone

Formation (G 0G 2-C ).

Cymatiosphaera aff. multisepta  D eunff 1955. 12

9 X 2000, M ueh W enlock Limestone Formation (PC8-0).
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13 X 1000, Low er Elton Formation (TRENCH1/23-A).

E upoikilofiisafilifem  (Downie 1959) Dom ing 1981a emend. 63

14 Detail o f folds in vesicle wall, x 2000, Low er Elton Formation (PC13-A).

Evittia robustispinosa  (Downie 1959) Le Hérissé 1989 emend. 68

15 xlOOO, M iddle Elton Formation (TRENCH4/M E1-A).

16 As fig. 15, Detail o f echinate proeesses and grano-reticulate vesicle 

ornament.
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Melikeriopalla amydra  Tappan & Loeblich Jr. 1971. 23

1 Specimen lacking large pores under transmitted light, x 1000, M iddle Elton 

Formation (GOG4/207-A).

2 As fig. 1, detail o f central node strictures, x 2000.

3 Specimen with large pores under transmitted light, x 500, M iddle Elton 

Formation (GOG6/256-A).

4 As fig. 3, detail o f centr al node structures, x 1000

Ainmonidiiim waldronense  (Tappan & Loeblich Jr. 1971) D om ing 1981a. 33

5 Detail o f vesicle ornament and proeess terminations, x 2000, Low er Elton 

Formation (TRENCH3/155h-A).

A m m onid ium  sp. A. 34

6 X 1000, M iddle Elton Formation (TRENCH5/222-A).

7 As fig. 6, X 2000.

Baltisphaeridium muldiensis Le Hérissé 1989. 35

8 Speeimen with all simple processes, x 1000, Low er Elton Formation 

(TRENCHl/14-a).

9 As fig. 8, detail o f striate process and circular structures, x 4000.

10 Speeimen with simple and branched processes, x 1000, Low er Elton 

Formation (T R E N C H l/ll-A ).

Cymbosphaeridium  sp. A. 47

11 X 1000, Low er Elton Formation (GOG3/94-A).

12 As fig. 11, detail of granulate vesicle and process branching, x 3000.

Dateriocradus cf. monterrosae (Cramer 1969a) Pôthé de Baldis 1981 47
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12 As fig. 11, detail o f processes, x 2000.

Gorgonisphaeridium ramosum  Pôthé de Baldis 1981. 73

7 X 1000, Low er Elton Fonnation (PC12-0).

8 As fig. 8, detail o f process hranching, x 3000.

Gorgonisphaeridium succinum  Lister 1970 emend. 74

9 Specim en with granulate vesicle, x 1000, Low er E lton Formation

(GOG2/62-A).

10 Specim en with laevigate vesicle, x 1500, Lower Elton Fonnation

(TRENCH1/23-A).

Hapsidopalla jeandeunffii Le Hérissé 1989. 76

17 X 1500, Low er Elton Formation (GOG2/62-A).

18 As fig. 17, detail of eapitate processes and ridges joining processes, x 3000.

Helosphaeridium clavispinulosum  Lister 1970. 77

19 X 1000, Low er Elton Formation (TRENCH1/23-A).
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Dilatisphaem laevigata Lister 1970. 50

3 X 1000, M iddle Elton Formation (GOG12/302-A).

4 As fig. 3, detail o f laevigate vesicle, x 2000.

5 Specimen with a baculate vesicle, x 2000, M iddle Elton Formation 

(GOG12/302-A).

Eupoikilofiisa tenuistriata (Pôthé de Baldis 1975) Pôthé de Baldis 1981. 64

6 Detail o f striate vesicle, x 2000, M iddle Elton Fonnation (GOG5/234-A).

Evittia remota (Deunff 1955) Lister 1970 Group. 66

1 Specimen with grano-reticulate vesiele ornament, x 3000, M iddle Elton 

Formation (TRENCH5/216-A).

2 Specimen with punctate vesicle ornament and granulate excystment 

opening, x 2000, Low er Elton Formation (GOG2/42-A).

Glyptosphaera heltaskelta sp. nov. 69

15 Large specimen with tightly arranged cristae forming a swirl-like pattern,

X 750, M iddle Elton Fonnation (TRENCH4/176-A). Holotype.

16 Small speeimen, x 2000, M iddle Elton Formation (TRENCH4/196-A)

Glyptosphaera speciosa Khyanov 1978. 70

13 Large specimen with cristae forming a lahyrinth-like pattern, x 1000, M uch 

W enlock Limestone Fonnation (PC2-0).

14 Small specimen with a possible pylome, x 2000, M iddle Elton Fonnation 

(TRENCH4/M E1-A).

Gorgonisphaeridium citrinum  (Downie 1963) comb. nov. 71

11 X 1000, M uch W enlock Limestone Fonnation (G0G 1/2-C ).





8  X 1000, M iddle Elton Formation (GOG12/302-A).

11 As fir fig. 8, detail o f vesicle ornament, x 3000.

Stellechinatum  1 sp. A .  115

9 X 1000, M iddle Elton Formation (TRENCH5/222-A).

10 As for fig. 9, detail o f process ornament, x 2000.

Visbysphaera microspinosa (Eisenack 1954) Lister 1970 Group. 120

12 xlOOO, Low er Elton Formation (GOG2/62-A).

13 As for fig. 12, detail o f spinose ornament, x 2000.

14 Detail o f baculate ornament, x 1500, Low er Elton Fonnation (PC 12-0).

Baltisphaeridium  ? spinatum  sp. nov. 37

15 X 1500, M iddle Elton Formation (GOG5/245-A).

16 As fig. 15, detail of broken o ff process bases, x 3000.
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Helosphaeridium clavispinulosum  Lister 1970. 77

1 As Plate 11, fig. 19, detail of capitate processes.

Leptobrachion digitatum  sp. nov. 87

2 X 1000, Low er Elton Fonnation (T R E N C H l/ll-A ).

Micrhystridium intonsurans (Lister 1970) D om ing 1981a. 91

7 Speeimen showing simple, processes with rounded tips that have a dense

arrangement o f spines at their distal extremities, x 2000, M uch W enlock 

Lim estone Formation (PC 8-0).

M icrhystridium stellatum  Deflandre 1945a. 92

6 Specimen showing unornamented rupture, x 1000, M uch W enlock

Lim estone Formation (PClOe-A).

M ultiplicisphaeridium  sp. A. 98

3 X 1500, M iddle Elton Formation (TRENCH5/228-A).

M idtiplicisphaeridium  sp. B. 98

4 Detail o f striae that extend from the vesicle onto the process bases, x 3000,

M iddle Elton Formation (GOG6/256-A).

M idtiplicisphaeridium  sp. C. 99

5 xlOOO, Low er Elton Formation (GOG3/122-A).

Percultisphaera stiphrospinata Lister 1970. 107




