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ABSTRACT

The Baggy and Pilton Beds outcrop in many of the north-south trending
river valleys which traverse the North Devonshire region, in the Taw
estuary, and along the western coast of North Devon, north of Barnstatlc
(Bideford) BRay. Throughout the Devonian period, the North Devon area
experienced alternating periods of marine and non-marine deposition, and
the marine Upper Baggy and Pilton Beds record the final episode, in Late
Devonian and Early Carboniferous times, after which conditions became more
uniform, The Pilton Beds are a transitional sequence which cros: the

Devonian - Carboniferous boundary.

Conodont faunas of Upper Devonian and Lower Carboniferous age are
represented in two large coastal exposures of the Upper Baggy and Pilton
Beds, at Croyde Bay and Fremington Pill. A total of 34 species,
referable to 14 genera, of which three species are new, have been

identified from these beds.

Three conodont assemblage zones have been estabtlished, one of which
can be subdivided into an upper and lower subzone. All three assemblage
2ones may have only local application, and the youngest zone has been
€rected only tentatively. Lack of additional exposures of conodont

bearing strata has made it impossible to test the regional validity of

the zones.
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The Upp£¥f§gd Lower Pilton Beds bear a fauna of Upper Famennian age
and mey be correlated with the Upper 'costatus' Assemblage Zone of the
German type section, established by Ziegler (1962). These North
Devonshire faunas contain spathognathodids of the costatus group, including

Spathognathodus bischoffi, S. aculeatus and S. ziegleri, all of which are

diagnostic of Ziegler's 'costatus' Zone. In addition 8. strigosus,

Pseudopolygnathus dentilineata, Polygnathus communis and Polygnathus cf,

P. nodomarginatus are elements common to both faunas.

There are certain significant differences between the conodont faunas
of North Devon and those of Germany, namely the absence of E. costatus

ultimus and representatives of the genus Palmatolepis in the present

Succession. The absence of one or both of these forms may be the result
of one or more of the following factors: inadeguacy of fossiliferous
samples, facies variation, geographic provincialism, or homeomorphic
replacement. The relative importance of each of these possible causes

is reviewed.

The Protognathodus kockeli Zone is also unrepresented in North Devon,

however, a significant thickness of the uppermost Lower and the lowermost
Upper Pilton Beds has proved unproductive and the P. kockeli Zone may be

represented in that unfossiliferous sequence.

The Upper Pilton Beds yield conodont faunas only from the base of
Goldring's (1956) local faunal division B, and these are provisionally
Correlated with part of the Cul Zone of Germany. The faunas are small
and, in general aspect, equally representative of Upper Devonian or Lower
Carboniferous. However, the presence of a single specimen of P. pura pura
and the absence of spathognathodids of the costatus group tentatively suggests

o

t Lower Carboniferous, Gattendorfia Stufe age.
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The Pilton Beds and, to a lesser extent, the Baggy Beds of North
Devonshire have been subjected to low grade metamorphism and significant
deformation, with the result that conodont faunas could be recovered only
from the intermittent limestone lenses found within the sequence. The
sandstones and slates which dominate the succession proved impossible to
disaggregate. Furthermore, the metamorphism and tectonism were responsible
for the relatively poor state of preservation of the conodont faunas, many

of the elements recovered being fractured and incomplete.

An Upper Devonian age 1s suggested for the strata which outcrop
in a road-cut 1 mile east of Bampton. This is based on the occurrence of
a single, broken icriodid, and the proximity of this section to rocks of

known Carboniferous age.
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GENERAL INTRODUCTION

Although the biological affinity and function of conocdonts are problems
yet to be solved, thsre can be no argument as to the usefulness of this group
of organisms in ctratigraphical correlation. In the last two decades research
has shown that conodonts are probably the most sensitive group of fossils
aveilable for both local and intercontinental correlation of Palaeozoic strata.
European and Morth American micropalaeontologists have made great strides in the
recent past toward the provision of a more precise zonation of the Devonian and
Carbonifercus type sections of their respective countries. The result has been
that the conodont assemblage zones erected for rocks of this age are more

refined and accurate than those established on the basis of any other fossil group.

The fact that conodonts are apparently not greatly affected by variation in
facie:, has allowed close correlation between the two distinct facies, the

Kohlenkalk and the Kulm, found in the Upper Devonian and Dinantian of Western

Europe.

The purpose of the present study is to describe conodont faunas of the
Ubper Devonian and Lowest Carboniferous of the North Devon area, as represented
by the Upper Baggy and the Pilton Beds. A total of 209 horizons have been

Sampled and processed, yielding 4,296 identifiable conodont specimens.

On the basis of the conodont faunas, three Assemblage Zones have been
€rected for the Upper Baggy and the Pilton Beds. These Zones were established
in the Croyde Bay and Fremington sections, and may or may not have local
application,

The more general aspect of the total fauna recovered is consistent

With faungs of Upper Devonian and Lower Carboniferous age from areas in both

Europe ang North America.



The geological setting of the area investigated iz discussed in greater
detail in the succeeding chapter, (Chapter 3), which also introduces the
Palaeogeography of the North Devon region as a whole. The outcrops from which
the bulk of +the conodont faunas were obtained have been relatively highly deformed,
and this has resulted in low grade metamorphism of many of the original sediments.
High angled cleavage is a common feature in the slates, which are the dominant
lithological type. A good working knowledge of the structural complications is
essential for the accurate location of any horizon sampled within the total Baggy

and Pilton succession.

The productive horizons, in terms of conodont faunas, are the lenticular,
fossilifercus limestone bands which occur irregularly throughout the succession.
Stratigraphically they are more abundant in the Lower Pilton Beds, and within
this subdivision they are most common in the lowest 500 feet. The limestone bands
are often totally or vartly decalcified and their lateral occurrence is limited
in all directions owing to their lenticular nature. Conodonts were not recovered
from any of the lithologies represented in the Upper Baggy and the Pilton Beds,
Other than the fossiliferous limestone lenses., Many months and many methods of
Preparation (see Chapter L) were unsuccessfully employed in an attempt to retrieve
conodonts from the slate and sandstone rocks with which the limestones were

associated,

i
Conodont specimens referable to thirteen genera have been identified from

the material collected, four of which were of the platform type. The state of
Preservation was, 1in general, only fair, and in terms of numbers the fauna from
individual horizons varied enormously. Of the 209 horizons sampled, only 37
Yielded useful conodont faunas. Owing to the spasmodic occurrence of the

Productive limestone bands, the conodont record displays more continuity in some

Parts of the succession than in others.



The fauna of the Upper Baggy and Lower Pilton Beds is interpreted as being

of uppermost Devonian age (toVI).  Spathognathodus aculeatus, S. bischoffl and

S. zeigleri are represented together with an abundant Pseudopolygnathus

dentilineata population. The genus Palmatolepis 1s absent from all the samples

examined, bubt, despite the fact that S. costatus ultimus is also unrepresented,

the fauna is interpreted as being of 'upper costatus' zone age. In the upper
part of the Lower Pilton Beds polygnathids of Lower Carboniferous aspect occur
with the diagnostic Upper Devonian forms, which tends to substantiate the tenet

that this fauna is youngest Devonian.

The faunas recovered from the Upper Pilton Beds are small by comparison
With those of the underlying Pilton strata. They are smaller both in the total
humber of productive samples located, and in number of concdont specimens
recovered, Ne diagnostic forms are present in these Upper Pilton beds, the
fauna having few elements that are not present in the upper portion of the Lower
Pilton Begs, Important differences between this fauna and that of the underlying
Pilton division are the absence of spathognathodids (except for one rather dubious,
incomplete specimen); +the dominance of polygnathids (of the same type which are

Tirst seen in the upper portion of the Lower Pilton Beds) as the only platform

elements; and the occurrence of a single specimen of Polygnathus pura pura.

No definitive conclusions can be made regarding the precise age of the Upper Pilton
Beds, but the absence of typical Devonian forms and the presence of iconodonts more

commonly associated with diagnostic Avonian elements, suggests a Lower Carboniferous

age,



CHAPTER 2

HISTORICAL REVIEW OF PREVIOUS RESEARCH

SECTION’é - CONODCONT RESEARCH AND APPLICATION OF UPPER DEVONIAN AND LOWER

CARBONIFEROUS CONODONT ZONATION IN THE BRITTISH ISLES.

Although conodonts were reported from several localities in Britain soon
after they were first described by Pander (1856), little attention was paid to
them at this time. As with other countries of the world, the past 30 or 40
years has proved to be the most productive in terms of conodont research. The
lowest Sstratigraphic occurrence of conodonts in Britain are 'paraconodonts' from

the Cambrian Comley Limestone of Shropshire. This occurrence was noted by

Walliser (1958).

Conodonts have been recorded from various horizons in the Ordoviciah of
Britain, including the Lower Arenig cherts and shales of the Southern Uplands
(Smith 1907: TLamont & Lindstrtm 1957), the Lower Llsndeilian, Llandeilo
Limestone of the Ilandeilo district (Rhodes 1953), the Upper Llandeilian and
Basal Caradocian chert and shales in the Southern Uplands (Smith 1907: Lamont &

Lindstrdm 1957), the Middle Caradocian (Climacograptus wilsoni) shale of

Southern Scotland (Lindstr&m 1957), the middle and upper Caradocian Gelligrin

and Pen-Y~garnedd Limestones of North Wales (Rhodes 1953), the middle Upper

Caradocian (Dicranograptus elingani) Crig Limestone of Wales (Lindstr8m 1959)

and the Ashgillian Keisley Limestone of Westmorland (Rhodes 1955).

Conodonts from the Silurian of Britain have been described by several

Workers, and include faunas from the Pentamerus Beds of Shropshire (Whittard 1927),



the Upper Silurian Bone Beds of Allenheads (Moore 1864), the Upper Silurian of
Wrens Nest, Dudley Tunnel, Staffordshire and Benthall Edge etc. of Shropshire
(Smith & Jones 1881), the Ludlow Bone Bed (Harley 1861), the Aymestry Limestone
(Rhodes 1953: Rhodes & Newall 1963), and the Ludlovian of Shropshire and
Herefordshire (Ireland 1958). Conodont faunas have also been described from a
conglomeratic limestone in the Llandovery of the Malvern Hills (Brooks & Druce

1965), and from the Wenlock Limestone of the Usk Inlier (Austin & Bassettl967).

Little puvlished research has appeared on the occurrence and distribution
of conodonts in the Devonian rocks of Great Britain. Rhodes and Dineley (1957a,
1957b) reported the presence of conodonts in this system from localities in both
North and South Devonshire. The publications produced by these authors were
brief and intended essentially as survey reports indicating that conodont faunas
could be recovered from many outcrops within the Devonian of south-west England.
Conodonts from the Baggy and Pilton Beds were mentioned in a paper by Austin,
Druce, Rhodes & Williams (1970). This work was an examination of the usefulness

and value of conodonts in the recognition of the Devonian - Carboniferous boundary.

The present study is the first major work on the application of conodont
zonation to the Upper Devonian rocks of Great Britain, but much, as yet unpublished,
research into the Middle and Upper Devonian conodont faunas of South Devon is in
Drogress.

¢
i

Until the past decade, the Carboniferous Limestone of Britain had only
slightly more attention, with regard to conodont zonation and general conodont
research, than had the Devonian system. Moore (1863 & 1870) investigated the
Carboniferous Limestone of Yorkshire and Cumberland, and Fowler (1955) worked in
County Tyrone, Eire. Robbie (1955) also worked in the Lower Carboniferous rocks
of County Tyrone and Rhodes and Dineley (l957a) reported the presence of conodonts
in the Tournasian rocks of the Avon Gorge. In 1965, Austin completed a Ph.D,

thesis on the conodonts of the Avon Gorge, Bristol. He recognised 13 conodont



assemblage zones in the Carboniferous Limestone which outcrops in the Gorge.

The overall conodont faunal sequence correlated favourably with that of the type
Sections of the Lower Carboniferous in North America and Europe, and this work
marked the first major application of Lower Carboniferous conodont zonation in
the British Isles. Rhodes, Austin & Druce (1969), re-examined the conodonts

of the Avon Gorge and several other outcrops of Lower Carboniferous rocks in
Britain, presenting their findings in a vitally important publication of the
British Museum of Natural History. Conodont faunas recovered from Carboniferous
outcrops in North East Devon, East Cornwall and South Devon have been described

by Matthews and Thomas (1968), and Matthews (1969a, 1969b) respectively.

Austin (1968) has described the conodont faunas from two localities in
Ireland in which Carboniferous Limestone rocks outcrop, namely, the Waulsortian

Reef Limestone at Ackeaton and from the Cork Red Marble at Midleton.

The Namurian rocks of Britain have yielded conodonts at various horizons as
evidenced by the work of Fowler (1944) in the Cleveland Hills, Dunham and
Stubblefield (1945) on the Millstone Grit of Yorkshire, Stevenson and Mitchell
(1955) on the Millstone Grit of the Midlands, and Higgins (1961) on the Namurian
of North Staffordshire. The latter work was completed as a doctoral thesis and
contains systematic descriptions of the genera and species of conodonts

characterising the Namurian of this area.

Austin (personal communication) is at present involved in work on conodonts
of Namurian age, and the present author, with the assistance of Mr. G.T. George,

has recovered conodonts of EI age from the Namurian of Pembrokeshire.

There are no systematic descriptions of post-Namurian conodonts from Great
Britain, although their presence has been recorded in the Coal Measures. The

following authors have noted the occurrence of conodonts in the Coal Measures of



various regions of Britain: Currie, Duncan & Muir Wood (1937) in the Coal
Measures of Central and West Scotland, Mitchell, Stubblefield and Crookall (19k2 &
l9h5) in the Warwickshire and northern South Staffordshire Coal Field, Edwards &
Stubblefield (1948) in the Derbyshire and Nottinghamshire Coal Field, Ramsbottom
(1952) and Woodland, Archer, Evans & Calver (1957) in the South Wales Coal Field,
Edwards (1954) in the Derbyshire and Nottinghamshire Coal Field, Mitchell (1954),
Eden (1954), Stevenson and Mitchell (1955) and Stubblefield and Calver (1955) in
the Midlands Coal Field, Earp and Magraw (1955) in the Lancashire Coal Field,

Manson (1957) in the Anthraconaia modiolaris Zone in Scotland and Magraw (1957)

in the Lancashire, Derbyshire and Yorkshire Coal Fields.

There are no references to post-Coal Measure conodonts in Britain.

Figure I indicates the conodont assemblage zones established by Rhodes,
Austin & Druce (1969) for the British Avonian, using the Avon Gorge and North
Crop of the South Wales Coal Field successions as their type sections. The
table further shows the relationship of these conodont zones to the coral-

brachiopod divisions of Vaughan (1905) and to the goniatite zones of Europe.



FIGURE 1
CONODONT ZONATION OF THE BRITISH AVONIAN, SHOWING
HE RELATIONSHIP OF THE ZONzS TO THE CORAL/BRACHIOPOD
DIVISIONS OF VAUGHAN (1905) AND TO THE GONIATITE
ZONES OF EUROPE (after Rhodes Austin & Druce fig 12 1969)
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SECTION B - PREVIOUS STUDIES IN THE NORTH DEVON AREA WITH PARTICULAR

REFERENCE TO THE PILTON BEDS

Geological research in North Devon was initiated in 1836 when Sedgwick and
Murchison produced maps and sections of the area and indicated that it constituted
the northern limb of a large syncline. Weaver (1838) and Williams (1839)
Published short papers in the succeeding years describing and naming the rocks of

the county.

In 1839, De la Beche completed a "Geological report on Cornwall, Devon and
West Somerset", in which he emphasised the occurrence of two groups of shales,
Sandstones and calcareous rocks in North Devon. He showed the boundary between
these two accumulations to run east from Fremington and through Bampton.
Included in his report were excellent sketch sections across North Devon which

elucidated his conclusions.

Sedgwick and Murchison (1840) described the structure and older deposits
of Devonshire, referring to the Pilton Beds as the 'fifth group' of rocks of the
northern region of Devon, A comprehensive description of the main Pilton Bed
outcrops is included in this work. One year later, Phillips (18k1) published
a "Monograph of figures and Descriptions of Palaeozoic fossils from Cornwall,
Devon and West Somerset". It was in this work that Phillips first introduced
the name 'Pilton', and he included in the 'Pilton Group', the sandsﬁones and
Slates of Woolacombe and the slates and thin limestones of Baggy Point, Croyde Bay,
the Saunton foreshore and Fremington Pill. He states that this group "has yielded

by far the largest proportion of the fossils of North Devon".

This timely monograph supplemented the first Geological Survey Memoir in 1846,
which included in its opening chapters a report on the formation of the rocks of

South Wales and South West England by De la Beche.



In this memoir, De la Beche discussed the correlation of the Pilton Group
with rocks of Upper 0Old Red Sandstone - Lower Carboniferous age in other areas

of South Wales and Southern England, including the Petherwin Beds of South Devon.

Between the years 1851 and 1865 Davidson compiled and nublished his work on

the British Fossil Brachiopods which included a monograph of Devonian Brachiopods

(Davidson 1864 - 1865).

Salter (1863) produced the next important contribution to research in this
area, He noted the overall similarity between the Pembrokeshire and North
Devonshire sections and looked more closely at the 'Pilton Group' of Phillips.

The succession as we know it today is,

Lower Culm
Pilton Beds
Baggy Beds
Upcott Beds

Pickwell Down Sandstone

Phillips' '"Pilton Group' included within it the Upcott, Baggy and Pilton Beds.
Salter subdivided Phillips' group into three, calling the two lower divisions

(the Upcott & Baggy Beds of current usage) the Marwood Beds, and the upper, the
upper part of the 'Pilton Group' of Phillips. Salter correlated the Marwood Beds
With the Upper 0ld Red Sandstone and the upper part of the 'Pilton Group' of

Phillips with an unknown, or very thin, accumulation of rock at the base of the

Lower Limestone Shales.

In 1866 Jukes made his contribution to the explanation of the Geological
Structure of North Devon but added little that was not already known, Etheridge
(1867) and Hall (i867) produced geological sketch maps in their respective
Publications. Within the Pilton Beds as we know them today, the former worker

recognised three separate rock units (a) the Croydon Beds, (b) the Braunton and
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Pilton Beds and (c) the Barnstable Beds, in ascending order. Etheridge also
Presented a well documented summary of previous work and included many faunal
lists and correlation charts for rocks of Devonian and Lower Carbonifercus age
in Great Britain and parts of Europe. Hall's map is very close to those of
the present day with regard to the Pilton Beds, and he also included detailed

faunal lists from the strata of Upper Devonlan age in the north of the county.

Hull (1878) agreed with Jukes that the Upper Baggy Beds and Pilton Beds
Were equivalent to the Lower Carboniferous Slate and the Coomhola Grits of
Southern Irelang. He contributed a table of correlation between North Devon

and Southern Ireland.

Ussher and Champerknowne (1879) published a series of north-south geological
Sections gcross the western part of Somerset, showing the relationship and inland
OCcurrence of the various rock divisions of North Devon. It was these authors

that were responsible for the initiation of the name 'Baggy Beds'.

In 1880, Hull, continuing his work in the area, proposed the name Upcott Beds
for the slates between the Pickwell Down Sandstone and the Baggy Beds, but this
division was not recognised by his contemporaries. Salter (1863) had regarded

these slates as a separate unit but called them the Lower Marwood Beds.

Ussher (1881) summarised the controversy which had developed over the North
Devon Sequence. There were two schools of thought; the first, upheld by Sedgwick
and Murchison, was that there was a conformable descending series from the Culm
through the Devonian and that the Devonian marine deposits were equivalent to the
0ld Red Sandstone. Other followers of this theory were Etheridge, Phillips and
Hall, The alternative interpretation, proposed by Jukes and partially upheld by
Hull, was that the Lower Culm and Devonian of Devonshire were partly correlative

with the Carboniferous Slate of Southern Ireland and partly with the 01d Red

Sandstone, and that the North Devon section was repeated by a huge East-West fault.
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Ussher favoured the first theory and gave his own stratigraphic table for
North Devon. In this table he placed the Pickwell Down Sandstone, the Baggy

and the Pilton Beds as three sub-divisions of the Upper Devonian,

Hicks (1896a, 1896b) described the lithology and fauna of the North Devon
deposits, publishing Whidbourne's preliminary faunal list for the Baggy and
Pilton Beds. Between the years 1896 - 1907, Whidbourne wrote his monograph
°n the Devonian fauna of South-East England. This two volume work was of great

geological value.

Ussher (1900) subsequently presented more detailed maps and endorsed his
rejection of Hull's term, Upcott Beds, and Woodward (1902) produced a paper on

& collection of trilobites from the Lower Culm of Devonshire.

In 1910 Hambling and Rogers conducted an excursion to North Devon, the
Proceedings of which were published in a short paper which was accompanied by &
fine geological map of the region. These two authors, like Ussher, failed to
Tecognise the Upcott Beds of Hull as a diétinct unit, and on their map included
them in the Pickwell Down Sandstone. In this same year Dewey described some

of the igneous rocks to be found in the North Devon area.

Arber and Goode (1916) described the flora of the Baggy Beds, and Evans (1922)
Published hisg interpretation of the geology of North Devon. This coincided

almost entirely with the interpretation of Etheridge (1867), even to the extent
that Evans reproduced Etheridge's map. Evans did suggest one amendment, however,

in Substituting the names Lower, Middle and Upper Pilton Beds for Etheridge's

terms, Croydon, Braunton & Pilton, and Barnstable Beds respectively.

Shannon (1928) provided a comprehensive petrographic analysis of the more
dbundant Devonian sediments to be found in Devonshire, including the sandstones

and slates of the Pilton and Baggy Beds.
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Reed (1943) and (1944) re-examined the Upper Devonian brachiopods and

trilobites collected by Whidbourne.

In the past there has been much controversy over the precise position and age

Of the Pilton Beds within the Devonian and Carboniferous systems. As a result

Of this it has been difficult to correlate these rocks with other areas of

Great Britain and Europe. A detailed discussion of the correlation of these
beds can be found in Chapter 7. For the present it will surfice to say that
many authors have attempted to evaluate the precise age of the Pilton Beds, and
Goldring (1955, 1956) has undoubtedly been the most successful. On the basis
of diagnostic brachiopod, trilobite and cephalopod species, Goldring recognised
the existence of three local faunal divisions in the Pilton Beds. The youngest
fauna is of Lower Carboniferous age, and the two older faunas are of Uppermost

Devonian age. Furthermore, Goldring agreed with Hull that the Upcott Beds

Should be recognised as a separate rock group.

Prentice (l960) studies the Dinantian, Namurian and Lower Westphalian rocks
South-west of Barnstable. He recognised a fourth local division of the Pilton
Beds (Pilton Beds D) immediately above the youngest faunal division of Goldring

and below the Chert Beds (Codden Hill Cherts).

Today, the generally accepted succession for the rocks in stratigraphical

Proximity to the Pilton Beds is as follows:-
After Goldring (1956) and Prentice (1960)

Lower Carboniferous — Lower Culm (Chert Beds)

D
C Upper Pilton Beds
=Pilton Beds B
3
Baggy Beds Ad2
Upper Devonian - 1 Lower Pilton Beds
Upcott Beds
Pickwell Down Sandstone
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SECTION C - CEPHALCPOD ZONATION OF ROCKS OF EQUIVALENT AGE TO THE PILTON BEDS

At the First International Congress of Carboniferous Stratigraphy at Heerlen
in 1927, it was agreed that cephalopods should have priority among index fossils
in zoning the Upper Devonian and Lower Carboniferous. Cephalopods possessed all
the necessary requirements for subdivision and correlation. It was agreed to

Place the Devonian - Carboniferous boundary above the Gonioclymenis stage.

As a result of studies conducted by Packelmann and Schindewolf, it was proposed

that the boundary between the Wocklumeria and Gattendorfia stages be taken as the

lower 1imit of the Carboniferous. This proposal was accepted internationally at
the Secong Congress of Carboniferous Stratigraphy at Heerlen in 1935. Figure 2
shows the present standard stages and cephalopod zones used in the subdivision of
Upper Devonian and Lower Carboniferous rocks in western Europe. Since 1935 it
has bYeen found that more accurate and detailed subdivision can be accomplished by
Using other fossil groups, in particular concdonts, foraminifera and spores.

The relationships between the conodont zones and the classic. Upper Devonian and

Lower Carboniferous cephalopod zones will be discussed in sections D & E.

Since the turn of the century it has been generally accepted that the Pilton
Beds were 5 transition group between the Devonian and Carboniferous. Goldring
(1956), confirmed the age of these beds, indicating that the Lower Pilton Beds

Were of Wocklumeria age and the Upper of Gattendorfia age. In the Fremington Pill

Section Goldring recovered a species of the genus Gattendorfia, and, although he

Tecovered no representatives of the genus Wocklumeria in the Lower Pilton Beds,
the trilobite and brachioped fauna of this portion of the Pilton Beds indicated
a Wocklumeria age. The conodont fauna of the Pilton Beds serves to endorse

Goldring's general conclusions.

Eight samples of hard grey slate from various horizons in the Croyde Bay
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section, (which Goldring interprets as Lower Pilton age) were sent to the
University of Lidge, Belgium, for the attention of the palynologist
Professor M. Streel. Professor Streel, (personal communication) isolated

Specimens of the spore Hymenozonotriletes lepidophytus from three of these

Samples, This species exists in Belgium in  strata of TnlaxB, Tnla¥ and
Tnlpe age, confirming the fact that the Lower Pilton Beds generally can be

Cquated with the late Devonian, Wocklumeris Cephalopod Stufe.

14
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SECTION Da - UPPER DEVONIAN AND LOWER CARBONIFEROUS CONODONT ZONES OF

WESTERN EUROPE

During the late 1950's and the early 1960's, three important works were
Published on this topic. Bischoff (1957) described the conodont stratigraphy
of the rhenoherzynischen Lower Carboniferous, Woecklumeria - Stufe, and Devonian -

Carboniferous boundary, Voges (1959) described the conodonts of the Gattendorfia

and Pericyclus Stufen of Saurlandes, and Ziegler (1962) described the Upper
Devonian conodonts of Germany. These studies prompted other workers to examine
the conodonts of this time interval in other regions of Europe, but in many
Buropean countries it was difficult or impossible to locate complete sections
ranging from Devonian into Carboniferous. Germany, for example, has no section
where the Upper Devonian Wocklumeria Limestone is overlain directly by rocks of

Gattendorfia age.

Figure 3 shows the conodont zones of the Upper Devonian of Germany after
Zlegler (1962), as compared with the cephalopod zones. Conodont zonation affords
far more detailed subdivision of the Frasnian and Fammenian strata. Ziegler
Tecognised 10 Upper Devonian conodont assemblage zones, 8 of which could be
further subdivided into upper and lower, or upper, middle and lower sub-zones.

In all cases the upper and lower limits of the 10 zones correspond with the range
of the Particular conodont which gives its name to the zone, and consequently each

Zone is very well defined.

The oldest Upper Devonian zone (tolx - tol(B)X) corresponds to the total

Stratigraphic range of Polygnathus asymmetrica, from which species it derives its

n .
ame. Three sub-zones can be recognised on the absence or presence of

E. asymmetrica asymmetrica, P. martenburgensis and Ancyrodella rotundiloba. This

Zone is equivalent to the lower Manticoceras Cephalopod Stufe. It was previously

known as P. dubia zone,



FIGURE 3
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OF GERMANY (pased on Ziegler 1962 with modern amendments)
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The Ancyrognathus triangularis is limited by the range of this species,

and is of tol¥ age. No sub-zones are recognised and this zone is correlated

with the middle part of the Manticoceras Stufe.

The Palmatolepis gigas Zone corresponds to the range of the species which

glves its name to the zore, and is of tol ¥ to tod age. It can be divided into

Upper and Lower Subzones on the presence of Ancyrognathus asymmetrica and

Palmatolepis foliacea respectively. This zone is equated with the Upper

Manticoceras Stufe, and was previously called the Palmatolepls rhenana Zone.

The range of Palmatolepis triangularis defines the Zone to which this species

gives its name. It can be subdivided into three subzones on the basis of the

Presence or absence of the following associated species, P. marginata marginata,

P. marginata clarki, and P. tenuipunctata. Within this Zone occurs the boundary

between toIl and tolI, and although it is not proven, this Zone is thought to

range from tol & to the base of toll in age. It is thus correlated with the

Uppermost Manticoceras Stufe and possibly the lowermost Cheiloceras Stufe.

The Palmatolepis crepida crepida Zone takes its name from the species whose

range defines its limits, and is of tolI® age. The Zone can be subdivided into

Upper, Middle and Lower Subzones on the occurrence or absence of P. glabra glabra,

and.g. termini, and is equivalent to the Lower Cheiloceras Cephalopod Stufe.

The Palmatolepls rhomboidea Zone 1s limited by the range of occurrence of

this species, and has no subzones. It is correlated with the Middle Cheiloceras

Stufe, of toIIB age.

The Palmatolepis quadrantinodosa Zone (toIIB to toIII*) is defined on the

life range of this species, and subdivided into two subzones on the presence or

absence of P. guadrantinodcsa inflexa. It is correlated with the Upper

Cheiloceras ~ Lower Prolobites Stufe.
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The life span of Scaphignathus velifera delimits the Zone to which it gives

1ts name, and is equivalent to the Prolobites and Lower Prionoceras Stufe,
(toIII % to lower toIV). Three Subzones can ne recognised on the occurrence or

absence of Pseudopolygnathus granulosa and Palmatolepis rugosa trachytera.

The Polygnathus styriaca Zone corresponds with the range of this species,

and is of Upper to IV to Upper Middle toV age, being correlated with the upper

Prinoceras and Clymenia Stufen. This Zone has three Subzones based on the
Presence or absence of four other conodont species. The lower Subzone is limited

by the presence of Polygnathus styriaca and Pseudopolygnathus granulosa. The

middle Subzone 1s recognised by the presence of P. styriaca, after the extinction

of Pseudopolygnathus granulosa and before the introduction of Spathognathodus

Jugosus. The upper Subzone is defined on the presence of‘g. styriaca and

Pseudopolygnathus brevipennata, Pseudopolygnathus dentilineata and Spathognathodus

. ugosus.

The youngest Upper Devonian Zone of Ziegler is the Spathognathodus bischoffi

Zone, which corresponds to the life span of this species. This species was until

recently called Spathognathodus costatus costatus, but has been renamed

Spathognathodus bischoffi Rhodes, Austin & Druce 1969, to overcome the confusion

encompassing this spathognathodid group in terms of homeomorphy, (see discussion

of Spathognathodus costatus p.213). Three Subzones are recognised within this

Zone, and they are defined on the presence or absence of 8. costatus ultimus and

Palmatolepis gonioclymeniae. The Zone is correlated with tne Upper Clymenia and

Wocklumeria Stufen, Upper toV to toVI.

Ziegler (1962) noted that the upper boundary of the Upper Spathognathodus

bischoffi Zone was only ascertained indirectly, because the Hangenberg Shale

diréctly overlies the uppermost sample of the Upper S. bischoffl Subzone, from

which he had recovered no conodonts. Recent discoveries indicate that at least
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the lower part of this shale should be included in the S. bischoffi Zone. In
1969 Ziegler recognised and recorded a new Zone within the Hangenberg Shale.

The Zone is called the Protognathodus kockeli Zone, based on Gnathodus kockeli,

and it directly overlies the S. bischoffi Zone and lies immediately below the

Carboniferous.

Bischoff (1957) described the conodont stratigraphy of the rhencherzynischen
Lower Carboniferous with regard to the Wocklumeria Stage and the Devonian -
Carboniferous boundary. He investigated the occurrence of conodonts in the

Wocklumeria - Gattendorfia - Pericyclus and Goniatites Stages, setting up Zones

for these Stages where possible. He commented on the fact that if there were

a section in Germany where the Gattendorfia could be found resting directly on

the Wocklumeria Limestone, then Gnathodus kockeli, (whose oldest occurrence is

taken as the boundary‘between the Devonian and Carboniferous), could possibly be

found assceciated with Devonian forms.

In his description of the Wocklumeria - Stufe toVI, Bischoff indicated that

the lower boundary wac taken at the extinction of Spathognathodus tridentatus

which often occurs with Spathbgnathodus ziegleri in the Dasburg stage. The

upper boundary of this stage coincided with the upper boundary of the genus

Palmatolepis, together with the youngest occurrence of 5. ziegleri, S. costatus

Ultimus, Falcodus variabilis and Palmatodella delicatula, The fauna of the

Wocklumeria Stage was distinguished by the occurrence of these two spathognathodid

Species and Palmatolepis gracilis, while other characteristic forms were

Polygnathus communis and Pseudopolygnathus dentilineata.

The lower limit of the Gattendorfia Stage, Cul, was equated with the virtual

extinction of the genus Palmatolepis and the species S. zieglerli and 8. costatus

ultimus. The extinction of Palmatodella delicatula, Falcodus variabilis and

Spathognathodus inornatus also marked its lower limit. The genus Gnathodus

(Gnathodus kockeli) first appears and becomes extinct near the upper boundary.
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This species is the diagnostic conodont of this stage and other frecuently

occurring forms and Pseudopolygnathus dentilineata and Polygnathus communis.

Pseudopolygnathus multistriata first appears in the Gattendorfia Stage.

The Pericyclus Stage Cull was subdivided by Bischoff into two Subzones.

The Lower Pericyclus division was termed the Siphonodella Subzone, Cullxj3,

and was characterised by the period of abundance of species of the genus

Siphonodella. Siphonodellids were not found in the underlying Gattendorfia

Stage, were reduced in the Upper Pericyclus and became extinct at the upper
boundary of the Lower Goniatites Subzones. The lower boundary of the

Siphonodella Subzone coincided with the first occurrence of this genus, while

the upper boundary was equated with the decrease in its frequency. Other

important associated forms were species of Polyggathus and occassional gnathodids.

The Upper Pericyclus Subzone was called the anchoralis - Subzone Cull ¥

and was defined by the abundance of Scaliognathus anchoralis. Its lower

boundary was equated with the marked decrease in numbers of siphonodellids and

the initiation of Scaliognathus anchoralis, Hindeodella segaformis and Gnathodus

commutatus. The upper boundary was marked by the extinction of Scalognathus
anchoralis and Hindeodella segaformis. Polygnathids and gnathodids were the

most important associated genera in the Subgzone.

The Goniatites Stage CulIl was subdivided by Bischoff into three Zones, the
lowermost being called the crenistria Zone, CulIlet. This Zone was distinguished

by the absence of Scaliognathus anchoralis and Hindeodella segaformis, (the lower

boundary corresponding with the extinction of both these species), and the

evolution of Mestognathodus beckmanni and Hindeodella undata. Gnathodus

bilineatus semiglaber and G. bilineatus bilineatus were also found in this Zone

as was Geniculatus claviger. No criteria were presented for the recognition of

the upper boundary of this Zone. Gnathodids were still frequently found in this

zone but siphonodellids and polygnathids were rare.



20

The middle Zone of the Goniatites Stage was called the striatus Zone,

CulIIB, and was distinguished by the increasing frequency of G. bilineatus

bilineatus and almost complete extinction of G. bilineatus semiglaber. The
fauna was similar to that of the preceding crenistria Zone, but cculd be

Tecognised on the relative frequency of occurrence of these two gnathodid
Subspecies, The former subspecies was rare and the latter frequent in the

Crenistria Zone.

The uppermost Goniatites Zone was termed the granosus Zone, Culllé, and

Was recognised on the presence of Gnathodus commutatus nodosus. Further

distinctive criteria were the absence of G. bilineatus semiglaber, the

inCreasing frequency of G. girtyi and occurrence of Ozarkodina delicatula.

Voges (1959) described the conodonts of the Gattendorfia and Pericyclus

Stufen from Sauerlandes, Western Germany. An approximate correlation between

Nis and Bischoff's work has been included in Figure 4.

Voges' Gattendorfia Cul, was subdivided into three conodont zones, a

lower Gnathodus kockeli - Pseudopolynnathus dentilineata Zone, a middle

§i2§9§odella - Pseudopolygnathus triangula inaequalis Zone, and an upper

§i£29godella - Pseudopolygnathus triangula triangula Zone, All three zones

Were found in the Hangenberg-Kalk. Voges also subdivided the Pericyclus

Cull, into three conodont zones, the lower one, the Siphonodella crenulata Zone,

Corresponded to a CulIxage, and could be further subdivided into an upper and
Lower portion. The middle Pericyclus Zone corresponded to a CulIBjage and

Was named the Scaliognathus anchoralis Zone, while the upper Zone was called

the Scaliognathus anchoralis - Gnathodus bilineatus interregnum. This upper

Zone is regarded as ranging in age from upper CuIIéé’to CuII& , but it does

ot extend to the upper limit of the Pericyclus Stufe, nor therefore, to upper
CulIs gge.
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SECTION Db - APPLICATION OF UPPER DEVONIAN AND LOWER CARBONIFEROUS CONODONT

ZONATION IN WESTERN EUROPE, EXCLUDING BRITAIN

The use of conodonts as biostratigraphic tools has been widely applied
in western Eurcpe in Palaeozoic rocks of all ages. A great deal of research
has been directed toward zonation of the Upper Devonian and Lower Carbonifoerous
strata which outcrop in the various countries of this region. In addition to
the work of Ziegler, Bischoff and Voges, already discussed, other importani
descriptions of conodont faunas from rocks of Upper Devonian and Lower
Carboniferous age have been provided by Helms (1959), Dvorak, Freyer & Freyer
(1961), sanneman (1955), Conil, Lys & Mauvier (1964), Muller (1962), Boogaard
(1963), Bishoff & Ziegler (1956), Flugel & Ziegler (1957), Bartenstein &
Bicchorr (1962), Walliser (1960), Higgins, Wagner-Gentis and Wagner (196k,
Ziegler (1960), Ziegler (1963), Ziegler in Kronberg, Pilger, Scherp & Ziepler
(1960), Meischner (1962), Higgins (1962), Bouckaert & Ziegler (1965), Lindstrom
and Ziegler (1965), Krebs and Ziegler (1965), Bouckaert and Thorez (1965),
Klapper & ziegler (1967), Wittekindt (1965), Helms & Wolska (1967), Boogaert

(1967).

This list is by no means complete, and research continues in an effort
>

to make the zonation of rocks of this and other ages more detailed and refined.

Figure 5 indicates the accepted Upper Devonian and Lower Carbonifercus
Correlation between Belgium, Germany and Spain. Although conodonts play =«
Significant role in estaovlishing this correlation, the precisze positioning of
the Devonian - Carboniferous boundary is based on foraminifera and spores in

Belgium and on the standard goniatite zones in Germany.
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SECTION Ea - UPPER DEVONIAN AND LOWER CARBONIFEROUS CONODONT ZONES OF

NORTH AMERICA

Ccnodont research has been intensive in the North American continent, and
our present knowledge of these fossils and their occurrence is perhaps more
complete in North America than in any other part of the world. In Upper
Devonian and Lower Carboniferous strata, conodonts ére both abundant and
ubiquitous, and provide one of the most useful fossil groups for zonation of
strata of this age. Collinson, Scott and Rexrcad (1962) published a report
summarising much of the work on the conodonts of the Upper Devonian and

Mizsicsippian of the Upper Mississippi Valley. This summary is a compilation

'

of the original work of a number of conodont workers, and Chart 6, of the

report provides an excellent summary of the zonation of the Upper Devonian and
Mississippian rocks of the Mississippi Valley on the basis of conodonts. A
portion of this Chart is illustrated in Figure 6 and the fifteen conodont zones,
into which this portion can be divided, are briefly described. Other North
American successions of a similar age, are referred to these standard Mississippian

sections wherever possible in the present report.

Chart 5, from the Collinson, Scott & Rexroad publication, indicates the
correlation between the standard Western European Stages and Goniatite Zones
and the Mississippl Valley section, on the basis of conodonts found in rocks of
Upper Devonian and Lower Carboniferous age on both sides of the Atlantic, Once
again, only the portion of the original chart relevant to this thesis is

illustrated (see Figure 7).

In the Mississippi Valley, the knowledge of the stratigraphic distribution
of conodonts 15 better for the Upper Dovonian and Kinderhookian, but the

Valmeyeran Series can alio he zoned on the basis of conodonts, In the {ollowing
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I1fteen Zones, only genera or species that occur commonly to atundintly :oive
their names to the individual Zones. In most cases the conodont that gives
1ts name to the Zone iz restricted to that Zone, but this does not rpply in

all instances. The Zones are described in ascending order.

In the Mississippi Valley, the oldest Upper Devonian Conodont Ascemblage

Zone is that of Palmatolepis proversa - P. triangularis. This Yone ics

apparently restricted to the Sylamore Sandstone, and is of early labte Devonian
426 correlsting with the toIlpjy Subzones of western Eurcpe.  The limits of

+h - 1os . . . N
"1ic Zone are the same as the ranges of the conodonts which give 1t its nume.

corodort species characteristic of this Zone, in addition to the zonol

indice

S

5, are Ancyrodella curvata (Branson & Mehl), A. lobata Branson & !

ehl s

éﬁﬁlﬁ?gnathus triangularis Youngguist, Polygnathus foliata Bryant, P. normalic

Milley and Youngguist, and Nothognathella bucristata Younggulst and Miller.

" . . e I
The lower limits of this Zone may be found ir colder rocks than shown in Fileure O.

The Palmatolepis guadrantinodosa - P. glabra Assemblage Zone is confined to

the Grassy Creck Tormation, The limits of this Zone may not be precise as few

Conodonts have been recovered in this Formation. It is correlated with the
TeIs o tolll« Zones of western Europe, Characteristic species arc

EgégﬁtOlepis perlobata Ulrich & Bassler, P. rhomboidea Sannemann, P. minuta

Brangon g Mehl and the conodonts which give their name to the Zone, The zonal

timits correspond to the range limits of Palmatolepis quadrantinodosa and

P, . . .
- éiééﬁg. The species of this Zone are commonly found reworked in younger

rock:,

The Daverton Formation can be divided into three conodont Zoneu, the oldest

Uelr, ST ! . . . .
lZ the Polypnathus irregularis - "Ancyrognathus'" guadrata Aunnembluge Zone.

This g,

one may also extend down lnto the upper part of the Grassy Creek Formation

in certain sections in the Mississippi Valley, but the upper limit of the Zone
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1s well defined. The Zone as a whole is limited by the range of the species

which gives the Zone its name, and the other characteristic species are Palmatolepis

fUgosa Branson and Mehl and Spathognathodus jugosus (Branson & Mehl), These

“Pecies are found in rocks of toIV and toV age in western Burope.

The middle portion of the Saverton Fromation is characterised by the

Eﬁéﬁbognathodus aculeatus Assemblage Zone, which is one of the most wideusprend

and easily defined Zones in the Mississippi Valley. Its limits are delineated

LY the range of Spathognathodus aculeatus, Other characteristic species nre

Polygnathus triangularis (Branson & Mehl) and P. longipostica E. R. Branson.

This Zone exhibits a great number of reworked specimens, but 1t can be correlated

APProximately with the uppermost toV to lowermost toVI Zones of western Europe.

The Gnathodus n.sp,A Assemblage Zone coincides with the upper part of the
Saverton Formation, and its lateral equivalent, the Louisiana Formation. The
Upper boundary of this Zone is taken at the uppermost occurrence of abundant

éEEEQ%ﬂathus varians and representatives of the genus Palmatolepis, while the

Lower boundary is marked by the lowest occurrence of Gnathodus Spathognathodus

EEEEEEEEEEEEEE Scott and S. collinsoni Scott. The last two species are

Teéstricted to the Zone. Other characteristic species are Spathognathodus

Eﬁimiﬁigggggzgg Scott, Gnathodus kockeli Bischoff, and Polygnathus communis

Branson & Mehl, This Assemblage Zone contains a transitional fauna between
Devonian and Carboniferous, and is complicated by the presence of many reworked

“Pecimens; it is correlated with the upper toVI Zone of western Europe.

The lowest beds of the Hannibal Formation and the underlying "Glen Purk"

Fermation as a whole, contain a fauna referred to as the Gnathodus n.sp.B-
&. kockeli Assemblage Zone, It is a distinctive fauna which correlates with

the lowest part of the Gattendorfia Cul Zone of Kurope. The lowcer boundary

1s markeg by the earliest occurrence of Gnathodus n.sp.B and the genus
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EEEEdOPOlygnathus, while the upper limit is marked by the earliest occurrence

O

T Siphonodells sulcata (Huddle). The upper limit of Gnathodus kockeli occurs

Just above the upper limit of this Zcne. In addition to the two gnethodid

Specieg above, other characteristic species are Polygnathus communis Branson and

Mehl, Polygnathus longipostica E. R. Branson, Spathognathodus costatus (E.R.Branson),

EﬁﬁudOPOlygnathus dentilineata E. R. Branson, and Gnathodus n.sp.A. This Zone

Tepresents the upper half of the general Zone of transition between Devonian and

Carboniferous faunas. In some sections in the Mississippl Valley the Zone is

absent,

When the previous Zone is not represented in the Mississippi Valley sections,

the Siphonodella sulcats Assemblage Zone is the oldest Mississippian found. This

Zone ig confined to the Hannibal Formation and 1s correlated with the middle Cul
Zone d Europe; it is limited by the abundant range of the conocdont which lends
the Zone its name. Furthermore, the upper boundary is also the lowest occurrence

of abundant Siphonodella duplicata s.s. (Branson & Mehl).  Other characteristic

Species include Pseudopolygnathus prima Branson & Mehl, P. dentilineata E. R. Branson,

Eii&ﬁggggﬁggg sp., Gnathodus kockeli, Gnathodus n.sp.A, Gnathodus n.sp.B. The

Conodonts of this Zone are similar to those of the underlying Zone, but can be

distinguished by the presence of P. prima and Elictognathus lacerata Branson and

Meh1 .

The Siphonodells duplicata s.s. Assemblage Zone is located in the middle part

©f the Hannibal Formation, and is correlated with the upper Cul Zone, and possibly
the lowermost CuIl Zone, of western Europe. Its limits correspond to the limits

of abundance of Siphonodella duplicata s.s. (Branson & Mehl). The upper part

°f the Zone exhivits abundant specimens of Siphonodella crenulata, and other

Characteristic species are Pseudopolygnathus dentilineata and P. prima.

The top of the Hannibal and Lower Chouteau Formations are characterised by
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the widespread and easily identifiable, Siphonodella guadruplicata - §. crenulata

Assemblagze Zone. This Zone probably corresponds to the lower part of the Culle<
Zone of western Europe. The upper limit is marked by the uppermost abundance

of specimens of Siphonodella crenulata and 8. guadruplicata, while the lower

limit is marked by the lowermost common occurrence of the latter species, and

the uppermost abundant occurrence of S. duplicata s.s. Other typical species

are Siphonodella aff. S. obsoleta Hass, S. sexplicata (Branson & Mehl), and

S. lobata Branson & Mehl, as well as a large number of gnathodids.

The upper part of the Chouteau Formation is represented by the Siphonodella

N.5p.A- 8. cooperi Assemblege Zone, which is correlated with the upper part of
the Culls< Zone .of western Europe. This Zone is limited by the range of common

occurrence of Siphonodella n.sp.A and the abundant occurrence of 5. cooperi.

The upper limit also corresponds with that of abundant Gnathodus delicatus.

Other characteristic species are S. aff, 5. obsoleta, Polygnathus communis

Branson & Menl, P. inornata E.R.Branson, Spathognathodus curvatus (Branson & Mehl)

and Elictognathus lacerata (Branson & Mehl). The upper limit of this Zone

Corresponds with a major unconformity in the Mississippi Valley.

The Gnathodus semiglaber - Pseudopolygnathus multistriata Assemblage Zone

Coincides with the "Sedalia" Formation of the Mississippi Valley, and is
Correlated with the lowest part of the CullB Zone of western Europe. The Zone

Corresponds with the range of abundant Gnathodus semiglaber, Gnathodus n.sp. cf.

G. girtyi and Pseudopolygnathus multistriata. Additional characteristic species

are Neoprionidus oligus (Cooper) and Polygnathus communis. The absence of

Siphonodellids and abundance of pseudopolygnathids makes the Zone easily

recognisable.

The Bactrognathus - Polygnathus communis Assemblage Zone extends from the

base of the Fern Glen Formation to the top of the middle part of the Burlington.

In EBurope this Zone corresponds to the upper CulJA- lower CulI) Zones, The



o)

<

lower limit of the Zone is marked by the earliest occurrence of Bactrognathus

Eggggg and B. excavata, and the earliest abundant occurrence of Gnathodus cenel-

EEEEEE and Gnathodus n.sp. aff. Gnathodus texanus, while the upper limit coincides

With the youngest occurrence of Polygnathus communis. Other characteristic species

include Pseudopolygnathus triangula pinnata Voges, Doliognathus lata Branson and

Mehl, Staurognathus cruciformis Branson & Mehl, and Pseudopolygnathus multistriata.

The upper part of the Burlington Formation is represented by the

Bactrognathus - Taphrognathus Assemblage Zone which 1s correlated with the upper
CuIIﬁyf'Zones of Hurope. The upper boundary coincides with the lowest abundance

of Gnathodus texanus ¢.2., ancd the lower boundary with the highest cccurrence of

Polygnathus communic. The new species of the two genera, which give their names

to this Zone, and Gnathodus cuneiformis Mehl & Thomas are also characteristic.

This Zone is readily subdivided into upper and lower parts.

The Gnathodus texanus s.s. - Taphrognathus Assemblage Zone coincides with

the Keokuk Formation and is correlated approximately with the lower CuIIS Zone of
Western Europe. The upper boundary is marked by the lowest occurrence of

Apathognathus? and the lowest occurrence of Taphrognathus varians, while the lower

boundary is indicated by the lowest abundant occurrence of Gnathodus texanus s.s.

A new species of Taphrognathus is also characteristic of this Zone.

The Warsaw, Salem, and Lower St. Louis Formations constitute the Taphrognathus

Yarians - Apatognathus? Assemblage Zone, whose lower limit is marked by the lowest

OCcurrence of Apathognathus? and the highest common occurrence of Taphrognathus

Yarians.  The upper limit is distinguished by the lowest common occurrence of

CaVusagnathus and youngest occurrence of Taphrognathus, together with the lower

limit of the upper zone of abundance of Apathognathus. Other typical species of

this Zone are Gnathodus texanus Roundy, Neoprioniodus loxus Rexroad, N. tulensis

(Pander), ana Spathognathodus n.sp. Conodonts are not abundant in this Zone,

but it is distinct nevertheless, and further studies will allow its further

Subdivision.



SECTION Eb - UPPER DEVONIAN AND LOWER CARBONIFEROUS FAUNAS FROM AREAS OUHER
THAN THE MISSISSIPPI VALLEY, AND THE APPLICATION OF CONOUDONT

ZONATION IN ROCKS OF THIS AGE IN NORTH AMERICA

Scott and Collinson (1961) described conodonts from the Louisiana and
McCraney formations in Illinois, Iowa and Missouril. They noted that where the
Saverton Formation was not overlain by the Louisiana Limestone, three conodont
Zones could be recogniczed, the Upper, Middle and Lower Zones. Where the Loulsiana
Limestone was present, only the Lower and Middle Saverton Zones could be recognised
in the Saverton Formation itself, the Upper Zone being represented in the Louisiana
Limestone. vThus the Louisiana is the lateral equivalent of the Upper Saverton
Formation. Scott & Collinson have found this to be the case in western Illinois,
where the Louisiana Limestone bears Upper Saverton conodonts. E,B.Branson (1944},
indicated that the Louisiana and the Saverton do not have this relationship in all
areas, because in Missourl the Louisiana Limestone bears conodonts characteristic
of Scott and Collinson's Middle Saverton Zone. Scott and Collinson's examination
of the McCraney Formation resulted in a correlation of this formation with the
Upper Hannibal and Lower Chouteau of the Mississippi Valley, and the Upper

Gattendorfia (Cul) and Lower Pericyclus (Cull) of Europe. The McCraney

Formation bears a good siphonodellid fauna,

Huddle (1934) recognised three Zones in the New Albany Shale of southeastern
Indiana. The uppermost of his Zones he equated with the Hannibal Formation, on

the basis of the presence of Elictognathus, and his Middle Zone was equated with

the Middle and Lower Saverton., Beds equivalent to the Louisiana Limestone or
Upper Saverton, as the case may be, should be located at the top of Huddle's

Middle Faunal Zone,

Hass (1947) published his work on the Devonian - Mississippian boundary in

Ohio, and indicated the occurrence of 5 Conodont Zones. The two oldest are
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equivalent to the Middle and Upper Zones of the Saverton, Zone three is equated
with those rocks crossing the Devonian - Mississippian boundary, while the two
youngest Zones are the same age as the Hannibal Formation. Hass was able to
show more detailed subdivision than has been indicated here. In 1956 Hass
published a further paper on the conodonts of the Chattanooga Shale of central
Tenessee, in which he showed a close correlation between the upper part of the
Gassaway member of the Chattanooga Shale and the Louislana Limestone. In the
Same year has described the conodonts of the Basal Maury Formation which

Tepresented a Lower Mississippian age.

Cooper (1931, 1933 & 1935) published reports on the Arkansas Novaculite
of Western Arkansas, and Cloud, Barnes and Hass (1957) described conodonts
from the Houy Formation of central Texas. Both areas indicated transitional

Devonian - Mississippian faunas similar to those found in the Mississippi

Valley,

Cooper and Sloss (1943) described the conodont fauna of the black shale
member which occurs at the base of the Lower Mississippian Madison Group, and
concluded that this horizon could be correlated with the Kinderhookian of the

MiSSissippi Valley and adjacent areas. This shale can be recognised from

North Dakota to South West Montana.

Younquist and Patterson (1949) indicated that the Prospect Hill Sandstone
of Towa exhibited a fauna similar to that of the Hannibal and Bushberg Formations
of Missouri, which were described by E.R.Branson and Branson & Mehl respectively,

in 1934k,  The Prospect Hill Formation is dominated by the occurrence of Siphono-

QEEEE, as is the older English River Formation.

Youngquist & Downs (1951) described the conodonts of the Lower Mississippian
Wassonville Dolomite of Iowa which overlies the Prospect Hill Sandstone. It

indicated a late Kinderhookian age and was closely related to the English River
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and Prospect Hill of Iowa and the Bushberg and Haonnlbal Formations of Missouri.

Hass (1959) published a report on the Chappell Limestone of Texas, and
showed this formation to contain three Conodont Zones. The lowest,

Siphonodella cooperi Zone, correlated with the Chouteau of the Mississippi

Vall€Y, as did the Gnathodus punctatus Zone, while the upper Bactrognathus

communis Zone wag equated with the Fern Glen horizon of early Osage age. Hass
stated that the Welden Limestone and pre-Welden Shale of Cooper (1938), from
Oklshoma, were of Chouteau age. The top of the pre-Welden Shale was correlated
with Hasg's Middle Zone, the rest of the pre-Welden with his Lower Zone, and

those shales ahove the pre-Welden with his Upper Zone.

Branson and Mehl (1938) and Cooper (1938) described faunas from horizons

which were correlated with the Siphonodella cooperi Zone of Hass (1959), when

they described the conodonts of the Chouteau Limestone of Missouri and the

Pre-Welden Shale of Oklahoma respectively.

Mehl and Thomas (1947), Branson and Mehl (1941) and Cooper (1948) described

faunas from other North American horizons which correlate with the Bactrognathus

Communis zone of Hass (1959). Mehl and Thomas worked on the Fern Glen

Formation of Missouri, and Cooper on the shale overlying the Rockford Limestone

Oof Indiana.

Rexroad and Scott (1964) referred the Rockford Limestone to the Siphonodella

D.sp. A (§. isosticha)- Siphonodella cooperi Assemblage Zone, and the Gnathodus

Semiglaber - Pseudopolygnathus multistriata Assemblage Zone of the Mississippi
Valley,

The Rockford Limestone is thus equivalent to the Upper Chouteau
Limestones ang Sedalis Formation. The lower part of the New Providence Shale
which overlies the Rockford Limestone was found to contain two Assemblage Zones

which are also recognised in the Mississippi Valley, the Bactrognathus -

Polygnathus communis Zone and the Bactrognathus -~ Taphrognathus Zone. Thus
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this shale can be correlated with the Lower and Middle Burlington,

Hass (1953) discovered two Faunal Zones in the Barnctt Formation of the
Llano region of Texas. The lower is of Osaglan age, equivalent to the Keokuk

Formation of the Mississippi Valley, and the upper of Chesterian age.

Rexroad and Collinson (1963) described the St. Leouis Formation of the
Mississippi Valley as being transitional with the underlying Warsaw and Salem
Formations. Two years later the same authors reported on the conodonts from
the Keokuk, Warsaw and Salem Formations of Illinois. They established no
further subdivisions to the Zones established in 1962, but explained that there

Was a gsimilarity between the Warsaw - Salem fauna and the underlying Keckuk in

terms of species present though not in their relative frequency of occurrence.

Huddle (1968) redescribed the Upper Devonian conodont genera and species
Proposed by Ulrich and Bassler (1926). Three Formations were studies, the
Rhinestreet Shale member of the West Falls Formation of New York, which correlated

With the Manticoceras Zone toIﬁ%yof Europe, the Gassaway member of the Chattancoga

Shale of Alabama, which was of early - late Fammenian age, and thus equivalent
to the Grassy Creek to Louisiana Formations of the Mississippi Valley, and the
"Hardin Sandstone' of Tennessee, The latter formation was correlated by
Ulrich and Bassler with the Hardin Sandstone member of the Chattanooga Shale in
Hardin County, Tennessee, but was regarded by Huddle as younger than the type
Hardin Sandstone Member of the Chattanooga Shale (Hass 1956). This sandstone
bears g mixed, reworked fauna which Hass correlated with an early Gassaway age,
but, Huddle reserved his opinion, stating that it may be of Mississippian age

although it also contained Ordovician and Upper Devonian conodonts from several

Zones,

Winder (1966) published an account of conodonts from the Upper Devonian
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of Ontario. He stated that he found an almost complete Upper Devonian section
Preserved in the Kettle Point Formation, and that 4 of the 10 Zones of Ziegler

(1962) could be recognised.

Clark and Ethington (1965) described concdonts from the Devonian of the
Alberta Rocky Mountains. Two of the formations sampled, the Mount Hawk and
Perdrix Formations, proved to be of Upper Devonian age, and the uppermost

Part of the Flume Formation was of lowest Upper Devonian age.

Ethington (1965) worked on conodonts from Lower Devonian to Early
Mississippian age from Arizona and New Mexico. In Arizona, the Martin and
Portal Formations were found to be of early Late Devonian age. The uppermos
Martin of Arigona and uppermost Percha Formation of New Mexico have a few

similar forms and are suggested as age equivalents. Siphonodella isosticha

Was recovered from the Escabrosa Formation of Arizena, which was thought to
be Kinderhookian even before this discovery. This would indicate a correlation

between the Escabrosa Formation and the Chouteau of the Mississippi Valley.

Anderson (1966) described Upper Devonian and Lower Mississippian conodonts
from North Central Iowa. He noted that five of the formations of the area were
of Upper Devonian age, while two could be correlated with the Mississippian.

The Lime Creek Formation was correlated with the toIl ¥ or Lower Palmatolepis gigas

zone of Europe, in its lower and middle part. The overlying Sheffield
Formation was equated with the toI & and toII zones, and the Aplington Formation,
which overlies this in turn, was equated with the toIV or toV zones of Europe.
The Devonian - Mississippi boundary in north central Iowa occurred between the
Aplington Formation and either the English River Siltstone (which was not present
€verywhere) or the Hampton Formation. At one particular locality the Aplington
Was overlain by the "Maple Mill" formation, and here the boundary was between

the "Maple Mill" and the English River Siltstone. The Hampton Formation and the
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English River Siltstone, when present, were correlated with the Cul and Cull

Zonegs of Europe. On p.402, Anderson gave a correlation chart showing the
relationship between the formations of north-central Iowa, southeastern Iowa,

and the upper Missicsippi Valley in western Illinois. This information is
incorporated into the present correlation chart at the end of this section on

the Upper Devonian and Lower Carboniferous zonation in North America. The "Maple

Mill" of north-central Iowa is not time equivalent with the Maple Mill of

SOutheastern Towa.

Muller & Muller (1957) published a paper on the early Upper Devonian
(Independence) conodonts of Iowa. Beautifully preserved and abundant conodont
faunas of the higher portion of the early Upper Devonian were recovered from
the Amana, Independence, Sweetland Creek and North Liberty Beds.  The first
three sequences were of the same age, as was the upper part of the North Liberty
Beds. The lower part of the North Liberty Beds exhibited an older fauna than

the other sequences. The Amana, Independence, Sweetland Creek, and Upper North

Liberty Beds were correlated with an Upper Manticoceras age, upper tol. In

North America, the Independence Formation (and equivalents) of Iowa can be
Correlated with the Lime Creek Formation of north-central Iowa, while the lower
Part of the North Liberty Bads are equivalent to the Rhinestreet Shale Member of
the West Falls Formation of New York. Thus the Independence Formation may

Correspond to part of the Sylamore of the Mississippi Valley.

Muller and Clark (1967) described conodonts from the Squaw Bay Limestone in
MiChigan, concluding that this limestone equated with the upper lower or middle

Polygnathus asymmetrica Zone, early Late Devonian, Lower Manticoceras (tol), of

Europe, The Squaw Bay Limestone fauna was correlated with the following horizons

in other parts of the United States and Canada, the lower part of the New Albany
Shale of Indiana, part of the Independence Shale in Iowa, the middle part of the

Martin Limestone of southern Arizona, the Upper Flume Dolomite (Maligne Formation)



of Alberta, and certain Nevada Formations.

Klapper and Furnish (1962) recorded a conodont fauna from the Englewood
Formation of South Dakota. The fauna indicated that this formation was in
bPart Upper Devonian and in part Lower Mississippian. The middle part of the
formation correlated with the Upper Devonian fauna from the Bighorn and Wind
River Mountains, the upper few feet of the Englewood was equivalent to other
horizons in South Dakota of Lower Mississippian age. Klapper (1966) also
noted the presence of Upper Devonian and Lower Missiscsippian Conodont Zones
in South Dakota, and in Montana and Wyoming. He recognised three Zones in
all, one of Upper Devonian age and two of Lower Mississippian age. The former

Was equated with the Lower Spathognathodus costatus Zone (toVI) of Europe, while

the two Mississippian Zones were correlated with the Gattendorfia Stufe (Cul)

and the Lower Siphonodella crenulata Zone (Cullx). Two other Upper Devonian

Zones were recognised at isolated localities and were comparable with the

Scaphignathus velifera Zone (Upper toIIIs - Lower toIV) and Upper Polygnathus

EEXEEEEE Zone {toV).

Sandberg & Klapper (1967) described conodont faunas from the Devonian -

MiSSissippian boundary in the northern Rocky Mountains. The boundary is located

in a dark shale unit which is named by the authors as the Cottonwood Canyon
Member, This Member occurs in the Madison Limestone of Wyoming and the

Lodgepole Limestone of Montana and the extreme west of Wyoming. Sandberg &
Klapper recorded the presence of four Conodont Zones in the Cottonwood Canyon

Member, the lowest of which has been correlated with the Lower Spathognathodus

Sostatus Zone (Upper toV). Above this occurred a Zone which could be equated

With the Siphonodella sulcata Zone (Lower Cul), then a Zone corresponding to the
S,

Sandbergi - S. duplicata Zone (Lower Cul), and finally a Zone correlating with
the Lower S. crenulata Zone (Lower CullIs). The last three Zones can be

correlated with the Kinderhookian of the Mississippi Valley. Underlying the
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Cottonwood Canyon Member in Southern Montana was the Three Forks Formation,
which Sandberg and Klapper sub-divided into two Conodont Zones, a lower Zone

€quivalent to the Scaphignathus velifera Zone (Upper toIIle< - Lower toIV) and

an upper Zone which correlates with the upper Polygnathus styriaca Zone (Lower toV).

The Three Forks Formation would correlate with the Upper Grassy Creek and Lower

Saverton Formations of the Mississippl Valley, (see Sandberg and Klapper 1967, p.9).

Klapper (1958) described an Upper Devonian conodont fauna from the Darby
Formation of the Wind River Mountains of Wyoming. He concluded that the upper
Darby Formation was contemporaneous with part of the Saverton Shale of Missouri.
The Darvy has been tentatively correlated with the toV Zone of the Fammenian of
Germany., Ethington, Furnish and Wingert (1961) stated that the Upper Devonian
conodonts from the Cottonwood Canyon member in Wyoming were the same as those

Teported from the Darby Formation in the Wind River Mountains of the same State.

Pollock (1968) published his work on Upper Devonian conodonts from Alberta,
Caﬂada, recording the presence of six Upper Devonian Conodont Zones of Ziegler

(1962). The six zones comprised most of the Manticoceras Stufe of Germany (tol),

inClUding the Lower, Middle and Upper Polygnathus asymmetrica, the Ancyrognathus

Eﬁiégggigzig, and the Lower and Upper Palmatolepis gigas Zones.

Mound (1968) described four rock groups containing Upper Devonian conodonts
from Southern Alberta. In ascending oraer, the Beaver Hill Formation was
fquated with the toI(B)¥ Zone, the Woodbend Group with the toI(B)§ - tol¥ Zones,
the Winterburn Group with the toI ¥ - toI/toII Zones, and the Wabamun Group was
Correlated with the toII) - toIIB/toIIIY¥ Zones of western Europe. The four

groups as a whole are approximately contemporaneous with the Sylamore and Grassy

Creek Formations of the Mississippi Valley.

Canis (1968) gave his interpretation of the stratigraphy of the Lower
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Mississippian of Missouri, based on the concdont evidence he recorded in this
region, He suggested the following correlations; In Missouri the upper
Hannibal is equivalent to the Lower Chouteau (including the Bachelor Formation),
the Sedalia Dolomite is equivalent to the Upper Chouteau Limestone and the
Northview Shsle (hence the Upper Chouteau is comtemporaneous with the Northview
Shale), ang finally the Chouteau Limestone of S.W. Missouri is equivalent with

the Chouteau Iimestone of west-central, central, east and north-eact Missouri.

Thomas (1949) and Muller and Muller (1957) both correlated the Maple Mill
Shale of southeastern Iowa with the Grassy Creek Shale of the Mississippi Valley,
and Muller and Muller noted that these two shale horizons were also time

“Quivalents of part of the middle New Albany Shale.

Orr and Klapper (1968) published their work on the conodont fauna from parts
Of Indiana and New York. They noted the occurrence of two new species of
Platform conodonts obtained from beds near the Middle-Upper Devonian boundary,
the majority of specimens coming from a thin limestone at the base of the New
Albany Shale. These authors correlated the Genundewa Limestone at Eighteen
Mile Creek, New York, with the Squaw Bay Limestone in Michigan, both units being

2Ssigned an age equivalent to the upper part of the Lower Polygnathus asymmetricus

Zone, The Genundewa Limestone is a physically distincet unit from the underlying

North Evans Formation in western New York.

Thompson (1967) studies the conodont fauna of the lower Mississippian of
South-west Missouri. He concluded that the faunas of the Mississippl Valley

and south-west Missouri were similar, but important differences occurred. He

Combined the upper part of the Gnathodus semiglaber - Pseudopolygnathus

Mltistriatus Zone and the Bactrognathus - Polygnathus communis Zone into a single

Zone, the Bactrognathus - Pseudopolygnathus multistriatus Zone. In Missouri,

Thompson recogni sed two Subzones within this newly erected Zone, the underlying
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this was the Doliognathus lata Subzone.

Many other publications, in addition to those described above, have been
Wwritten on the occurrence of Upper Devonian - Lower Carboniferous conodonts in
the North American continent. Special attention has here been given to those
Papers which have involved correlation of isolated sections with the standard
Mississippi Valley cection. A chart has been constructed summarising the
Suggested correlations of the rocks of Upper Devonian and Lower Mississippian
8ge in North America (Figure 8). In the construction of a chart of this
nature it is impossible to create a comprehensive diagram if one attempts to
tonvey the vertical thickness relationships between the outcrops at each location,

The verticsl scale is not uniform, as the purpose of the chart is to indicate

lateral relationships between the various localities.
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SECTION ¥ ~ THE APPLICATION OF CONODONT ZONATION TO THE UPPER DEVONIAN AND
LOWER CARBONIFEROUS ROCKS OF AREAS OTHER THAN NORTH AMERICA AND

WESTURN EUROPE

in terms of volume of conodont publications, far more research has been
corducted in North America and Western Europe on strata of thic age than elsewhere
in the world. However, many important contributions have been made as o result

of work in other areas, some of which are noted below.

Glenister & Crespin (1959) described the microfauna recovered from Upper
Devonian strata in the Fitzroy Basin of Western Australia, while conodont studies
in the north western region of the same continent were conducted by Jones & Druce
<l966)- The latter authors made a preliminary investigation of the conodont
balaeontology of the Boneparte Gulf Basin, and were able to correlate Upper
Devonian and Lower Carboniferous successions of this basin with the classical

sections of the northern hemisphere.

Ethington & Furnish (1962) recorded Upper Devonian and Silurian conodonts
from the Spanish Sahara, The Devonian conodonts recovered were of Frasnian age,
and the two localities at which these conodonts were found were both in the

Tindouf Basin to the north of this region. The fauna compared favourably with

European faunas.

Igo & Koike (1964 and 1965) described Carboniferous conodonts from the
islands of Japan, while Gupta, Rhodes & Austin (1967) published a brief report on

the Devonian faunas of Kashmir, some of which were of lowest Upper Devonian,

Manticoceras, age.

Glenister & Klapper (1966) published a report on the Upper Devonian conodonts

from the Canning Basin, Western Australia. Their work revealed the presence of
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an almost complete Upper Devonian series with the possivle exception of the

Upper Spathognathodus costatus Zone (toVI).  This publication includes a chart

of conodont distribution (p. 782) which shows the relationship of these conodonts

with the conodont zornes and ammonoid Stufen established for the Rhenish Schief-

ergevirge,

Wolska (1967) reported Upper Devonian conodonts from the south-west region
of the Holy Cross Mountains, Poland. Most of the Upper Devonian Conodont Zones
of the German type section are represented in Poland and in general Ziegler's
Succession of assemblage zones i1s valid for the Holy Cross Mountains, In the same
year Helms & Wolska noted the occurrence of four new conodont species and one new

Subspecies from this region of Poland.

Druce (1969) published a detailed synthesis of the conodont faunas that he
and Jones (1966) had discovered in the Upper Devonian and Lower Carboniferous
strata of the Boneparte Gulf Basin of Northwestern Australia. Rocks of Frasnian.
Famennian, Tournasian, Viséan and Namurian age were recognised, and in a generzl
Sense the conodont zones of the North American, British and German type sections
could be correlated with the zones established in this Australian Basin. Druce
concluded that the Australian assemblage zones appeared to be intermediate between

the Spathognathodus-Polygnathus-Pseudopolygnathus zonation of Great Britain and

the Siphonodella-Gnathodus zones of Europe and North America.




CHAPTER 3

STRATIGRAPHY AND STRUCTURE

INTRODUCTION TO PALAEOGEOGRAPHY AND GENERAL GEOLOGY

Two types of facies can be recognised in rocks of Upper Devonian and
Dinantian age in Western Europe. The 'Kohlenkalk' facies represents an
agitated water deposit, characterised by a dominantly limestone lithology and
a benthonic fauna, while the 'Kulm' facies was deposited in relatively still
waters and is characterised by a shale-sandstone lithology containing a
Necktonic and planktonic fauna. The former facies is considered to be
indicative of sedimentation in a trough sea, while the latter is indicative of

sedimentation in a shelf sea, flanking the trough.

The palaeogeography of Britain in Devonian times is well documented. The
ultimate effect of the Caledonian Orogeny was to build a vast mountainous
continent stretching across Northern Europe and embracing most of the British
Isles. The southern shoreline of this continent can be traced from Britain in
the west, through the Ardennes and the area north of the Black Sea, as far as
the Caspian Sea in the east. In Britain itself, the shoreline can be traced
from Ireland in the west, through the Bristol Channel, eastward to London.
Although the general distribution of the continental and marine areas remained
More or less constant in southwestern Britain, throughout most of the Devonian
Period, there were fluctuations in the position of the shoreline, and this is
reflected in the sediments deposited in North Devon. The Devonian of South Wales
is dominated by continental deposits, although evidence of a temporary marine
incursion has been discovered in the Upper Devonian at Skrinkle, Pembrokeshire and
Cralg-y-nos, in the Swansea Valley (see Fig.l0). The Devonian of South Devon is

composed of marine sediments while those of North Devon indicate that the shoreline
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Was not static but subject to fluctuations and corresponding advances and
retreats of the sea. This is evidenced by the alternations of marine and non-

marine strata throughout the Devonian of this area (see Pigure 9).

During late Devonian times, conditions became more uniform with the widespread
and permanent transgressicn of the sea northward. The North Devon ares was
submerged under the transgressive sea, while in southern Devonshire fairly deep
water conditions probably prevailed. Uppermost Devonian rocks of both South and
Central Devon are interpreted as 'Kulm' facies, although the Baggy and Lower
Pilton Beds of North Devon were probably deposited on the outermost edge of a 'shelf'

sea (see Figure 10).

The marine transgression continued to invade northward during Lower
Carboniferous times, flooding the low-lying areas between several major landmasses
which had developed in central and northern Britain, and forming 'shelf seas'
along their margins. The area to the south of the Leinster - Central Wales
Landmass, which includes South Wales and Southwest England, is known as the
South-West Province, and this merges westward into the Midland Plain Shelf which
incorporated most of southern and central Ireland. The northern part of the
South-West Province is represented by a 'Kohlenkalk' facies, represented by the
limectone exposures of South Wales, Gloucestershire and Somerset, while the
Southern part of the province continues to exhibit a 'Kulm' facies, initiated in
this areg during late Devonian times. The Upper Pilton Beds and overlying Culm

deposits of Devon and Cornwall are representative of this facies (see Figure 11).

Hercynian earth movements were responsible for the structural features which
determined the Present outcrop distribution of the sediments exposed in South West

England, and Figure 12 illustrates the major structural elements involved.

The outcrop of the Baggy and Pilton Beds over the North Devon area is shown

in Figure 13, and the two sections from which useful conodont faunas were recovered
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are enlarged. The name for the Baggy Beds 1s derived from Baggy Fcinl, North
Devon (419.406), where a complete succession of these beds is exposed. The
Hame wac introduced by Ussher and Champerknowne, and these beds are of Upper

Devonian, Clymenia, age, according to Goldring (1956).

The name for the Pilton Beds comes from Pilten, Barnstable, but these beds
are better exposed in the proximal coastal sections at Croyde Bay and along the
Taw estuary. They are of Famennian, Wocklumeria Zone, age in their lower portion

and of Tournasian, Gattendorfia Zone and possibly Pericyclus Zone, age in their

upper portion. These ages were assigned to the Pilton Beds by Goldring (1956),
48 a result of his study of the goniatite, brachiopod and trilobite faunas

_reCOvered from these rocks,



L3

THE STRATIGRAPHY AND STRUCTURE OF THE BAGGY AND PILTON BEDS

I. THE STRATIGRAPHY OF THE BAGGY AND PILTON BEDS
A, The Baggy and Pilton Beds Successgion

i. Introduction

The general stratigraphic succession in North Devon is particularly

interesting because it displays an alternation of marine and non-marine rocks.

92}

Devonian and Csrboniferous strata dominate the region with younger rocks more
abundant on the eastern flank of the region. The Devonian rocks outercp north

of 2 lire which runs approximately due east from Barnstasble Bay, while south of
this line the Carboniferous rocks occur. The generalised Devonian - Carboniferous

Sequence of this area is shown diagrammatically in Figure 1k,

The Foreland Beds, Lynton Beds and the Hangman Grits constitute the Lower
DeVonian; the Ilfracombe Beds and Morte Slates the Middle Devonian; and the
Pickwell Down Sandstone, Upcott Beds, Baggy Beds, Lower Pilton Beds and Lowermost
Upper Pilton Beds the Upper Devonian, The subdivisions of the Carboniferous are
8lven in Figure 14, and this system includes the bulk of the Upper Pilton Beds.
Thus the Pilton Beds as a whole are a gréup of rocks which are transitional in
Nature, crossing the Devonian - Carboniferous boundary. Within the Devonian
Succession there are both marine and non-marine rocks; the marine formations are
the Lynton Beds, the Ilfracombe Beds, the Morte Slates, the Upper Baggy Beds, the
Pilton Beds, while the non-marine rocks are represented by the Foreland Grits,
the Hangman Grits, the Pickwell Down Sandstone, the Upcott Beds and the lower

Portion of the Baggy Beds.

The Upper Baggy and Lower Pilton Beds represent the youngest Devonian marine

BT a A - U P . T TR & SRR S S U S SR S S B SRNND SERNY 2 S PRI 4 [N
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Sedimentation in the North Devon area.

The expcosures of the Baggy and overlying Pilton Beds in this region can be
Conveniently divided into two types; the coastal exposures and the inland
€Xposures, The inland outcrops are numerous out generally only reasonably
&xposed in sections along north-south flowing streams. Better inland exposures
OéCUr at the sites of productive and abandoned quarries or in road cuttings.

The coastal outcrops are more extensive and well exposed, particularly the

Croyde Bay section where an almost complete seguence of Baggy and Lower Pilton
Beds can be seen. There are only two other coastal outcrops, at Fremington Pill
and Asford Strand. Owing to the nature of the coastline, parts of the Croyde

Bay section are inaccessible or accessible only at low tides.

The inland exposures visited by the author and the approximate age of the

rocks found in them, can be listed as follows:- (see Figure 21 for location)

Road cutting 1 ml. east of Bampton on the

Taunton-Barnstable road (A361) e .. Pilton Beds?

Plaistow Quarries at Bradiford Water

(567-373) .......... ..... Baggy Beds

Exposures in the Caen River valley

Around Braunton and Knowle —  teieeeieeaeaenn Baggy and Pilton Beds

Exposures at Lobb (470.370) and

North Lobb (470.380), east of Saunton  .......... ..... Baggy and Pilton Beds
respectively

Quarries in the Bray River valley

Detween Brayford (680.340) and Charles

(690-320) namely, Bondy's Pit (688.339),

Moules' Chamber (689.338), Wilcombe

arry (688.336), Notts Quarry and Council

Warries (693.327) i, e The best inland exposures
of the Baggy Beds

Rumsam Road, Barnstable (570.314) ..o..ii.i..i.... Pilton Beds and Lower Culm

Poleshily Quarry, North Barnstable

(550-345) e .. Upper Pilton Beds



k5

Barnstable Junction Station ettt e Upper Pilton Beds
Blatehford House, North Barnstable
(567.359) . . Upper Pilton Beds

The rocks exposed in the three coastal exposures are:-
Croyde Bay...ovovun... Baggy and Lower Pilton Beds. This is part of an extensive
Coastal exposure on the west coast of North Devon in which the underlying
Devonian rock divisions can be seen as one travels north.
Fremington............ ?Uppermost Lower Pilton Beds and Upper Pilton Beds.

Ashford Strand........ Uppermost Lower Pilton Beds and Lower Upper Pilton Beds.

Except in the section one mile east of Bampton, on the Barnstable-Taunton
road (A361), no conodont bearing horizons were located in any of the inland
exposures of the Baggy and Pilton Beds. In the ccastal sections conodonts were
recovered only from Croyde Bay and Fremington Pill, the Ashford Strand section
Proving unproductive. The present report describes the detalled stratigraphy
of the three sections from which conodonts were recovered. The collecting dat=
of the unproductive coastal and inland outcrops investigated by the author is

Summarised on pages 71 & 72.

1i.  The succession at Croyde Bay.

Croyde Bay is located on the west coast of Devonshire, approximately sixteen
miles north-west of Barnstable. The rocks exposed in the bay are naturally
divided into two cutcrops, north of the sandy beach Baggy and Pilton Beds are
found, while south of the beach only Pilton Beds occur. The relationship between
the lithological and faunal divisions of the Pilton Beds was expressed by

Goldring (1956) as follows:-



PTILTON BEDE C
CARBONIFEROUS UPPER PILTON BED3
PILTON BEDS B

=

DEVONIAN PILTON BEDS A 2 TOWER PILTON BEDS

In Croyde Bay the rocks dip and young generally southward and the succession
is continuous from the Baggy Beds through the Pilton Beds Al and A2 to A3. No
Pilton Beds B or C occur here and thus this section exhibits only Baggy and Lower
Pilton Beds. A small patch of rocks in the centre of the beach, known as Cock

Rock, may possibly be of Upper Pilton age.

The Baggy Beds are completely exposed along the high-cliffed, northern portion
of the bay, known as Baggy Point. Just to the north of this point, the distinct
Junction between the Baggy Beds and the underlying Upcott Beds can be seen. The
Upper limit of the Baggy Beds was arbitrarily taken by Goldring within the
gradational sequence to the Pilton Beds, at the top of the massive sandstone
immediately overlying the local, contemporaneous slump between Pencil Rock (423.403)
and Laticosta Cave (427.401). The present writer arbitrarily defines the
Junction of the Bagegy and Pilton Beds at the upper limit of the slump itself.

The slump is more easily located than the massive sandstone and is virtually
Concordant with the bedding. Furthermore, the conodont evidence indicates this
&8 a more practical boundary. The slump and junction of the Baggy and Pilton

Beds occur approximately half way along the north shoreline of the bay.

Parts of the Baggy and Upcott Beds are inaccessible owing to the precipitous
nature of the cliffs, while other parts are accessible for only short periods of
time at low tides. The thickness of the Baggy Beds at Croyde Bay is a little

under 1400 feet.
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North and Scuth of the slump, on the north side of Croyde Bay, the oldest
faunal division of the Pilton Beds is encountered, Pilton Beds Al, These rocks
continue to dip and young southward and are overlain by the Pilton Beds A2,
which occupy the southern part of the Pilton outerop on the northern side of the
bay. South of the bay the Pilton Beds Al reappear due to folding, and as one
tontinues southward they are overlain by Pilton Beds A2, which are in turn
followed by Pilton Beds A3 at Downend. From Downend the section continues
Wwestward to Saunton Sands, the rocks comprising this portion of the outcrop are

of Al and A2 age which reappear due to folding (see Figure 15). The fauna

Characterising each of these divisions of the Pilton Beds is listed in Chapter 5.

The total thickness of the Pilton Beds exposed in Croyde Bay has been
measured by the present author as 1475 feet. Goldring (1956) estimated that there
1s a further 175 feet of rock before the junction with the Upper Pilton Beds is
reached, giving the Lower Pilton Beds an estimated total thickness of 1650 feet.
Goldring himself gives the total thickness of the Lower Pilton Beds as 1400 feet,

as he measured only 1200 feet of Lower Pilton rocks at Croyde Bay.

The structure of this section is described in detail on page 59, but Figure 15
1llustrates the stratigraphic relationship of the rocks exposed on the two sides
of the bay, while Figure 16 shows the relationship of the three sub-sections
(defined in Figure 15) within the complete stratigraphic range of the Upper Baggy
and Lower Pilton Beds at this locality. The three sub-sections X, Y, and Z, have
been arbitrarily defined in order to aid description of the outecrop as a whole.
At Croyde Bay there are two 'tuff' bands which can be employed as marker horizons
to correlate the rocks north and south of the beach. They are of utmost importance

Ln the interpretation of this extensive coastal exposure,.
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iii, The succession at Fremington.

Fremington Pill is located on the southern bank of the River Taw estuary,
a few miles west of Barnstable. The rocks exposed at this locality occur along
the narrow shoreline as reefs, and in the low, 20 foot cliffs which form the banks
of the river at particularly high tides. The outcrop is approximately 1,500 feet
long in a north-south direction, and has a maximum width of approximately 60 feet
at low tide. Its precise location is due north of an abattoir and Fremington

Station, which are both sited on the northern side of Fremington Pill.

The stratigraphy of this exposure is most intriguing, despite the extremely
weathered nature of the rocks and the tidal mud which covers much of the outcrop.
Three of Goldring's Pilton faunal divisions are represented, A3, B and C, and it
is thus essentially an Upper Pilton locality of Carboniferous age. Only one
normal junction is present, the rest of the faunal divisions being separated by
thrusts or faults. Pilton Beds B occur in two distinct outecrops with Pilton Beds

C thrust or faulted into the area between,

At the northern end of the section there are several small patches of rock
which are exposed close to the low cliff-line. These have been identified by
Goldring as being of A3 age. These beds pass through a continuous succession
into the next patch or reef of rocks which yield a Pilton Bed B fauna. Beds of B
age are exposed for approximately 300 feet along the shore in a southerly direction
when they are faulted out and replaced by rocks bearing a Pilton C fauna. Beds
vielding a C fauna continue southward for about 360 feet when they are terminated

by a thrust, and B beds occur from this point to the southern end of the section.

A basic dyke, which is extremely weathered, is intruded into the beds

bearing a Pilton C fauna.

The thickness of the Pilton Beds B and C is extremely difficult to determine.
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Goldring admitted that his estimates of 350 feet for each of these divisions
are merely educated guesses. Figure 17 shows the geographic occurrence of the
three faunal subdivisions recognised in the Fremington Pill section, and also a

very generalised stratigraphic succession.

iv, The succession at Bampton,

This section 1s located in a road cutting approximately one mile east of the
village of Bampton on the main Barnstable - Taunton road (A361). The section is
relatively small, its total length being about 220-250 feet, and its maximum
height only 40-50 feet. It 1s, however, easily accessible and the rocks are
well exposed. The age of the rocks occurring in this section is unknown.
Goldring (personal communication) suggests an Upper Pilton age, but the present
author would suggest nothing more specific than Upper Devonian, Neither
suggestion can be justified by conclusive evidence. Meischner recovered some
organic remains from this section but the author has been unable to obtain any

record of his findings.

The total thickness of rock exposed here is between 95-100 feet, and the

strata dip in a southerly direction.

B. The Lithology of the Baggy and Pilton Beds

1.  Introduction.

It has previously been pointed out that the Devonian succession of the North
Devon area displays an alternation of both marine and non-marine rocks. The
Pickwell Down Sandstone, which underlies the Upcott and the Baggy Beds, is a
continental deposit, while the succeeding Pilton Beds are of marine origin.
Whereas the lower boundary of the Baggy Beds is marked by a sharp colour change,

s well as a lithological change, their upper boundary is arbitrarily chosen
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because of the complete lithological gradation intc the Pilton Beds.

The fauna and sedimentary structures of the Baggy Beds indicate a restricted
facies deposited in very shallow water conditions in which strong currents were
active., Goldring (1956) has likened this facies to the near time equivalent
Condroz Sandstone of Belgium. He implied that the Baggy Beds were deposited in
a tidal lagoon-type environment. However, it has not been proved that the
Lower Baggy Beds are definitely marine, although the nature of the Upper Ragg:
Beds is more clear. These rocks were probably deposited in shallow water which

was becoming gradually deeper, but wave action was still important.

The Pilton Bed facies is indicative of deposition in deeper water, below the

level of wave activity. The fauna is larger and more varied than that of the
restricted and limited fauna of the Baggy Beds. It was generally a time of more
open water conditions. When the Upper Pilton Beds were deposited the water was

probably even deeper than during Lower Pilton times, the deepening of the water
being associated with the marine transgression which preceded the deposition of

vast thicknesses of Carboniferous Limestone further to the north.

Lithologically, the Baggy Beds consist of thick, massive sandstones with
very thinly bedded sandstones and shales. The Lower Pilton Beds are distinguished
by the absence of massive sandstones and the predominance of thinly bedded
sandstones and slates, Although thinly bedded sandstones and slates are important
in the Upper Pilton Beds, a marked decrease in the proportion of sandstones

serves to distinguish these beds from the Lower Pilton Beds.

ii, The lithology of the Croyde Bay section.

At Croyde Bay the massive sandstones of the Baggy Beds form the northern

promontory, called Baggy Point. In addition to the massive, medium to coarcse
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grained, sandstones, which attain thicknesses of 10-40 feet, and display

current bedding, ripple marks, and a highly micaceous composition, two other
lithological types constitute the Baggy Beds. The bulk of the sediments are thinly
bedded sandstones and shales, while a very minor proportion of the rocks are
composed of fossiliferous limestones. The bedded sandstones and shales (or
sometimes siltstones) are laminated, the laminae ranging between % - 10 inches in
thickness. In any portion of the Baggy Beds succession where this lithology is
found, the proportion of sandstone to shale or siltstone can be equal, or

completely unequal with a greater percentage of one or the other. The thicker
sandstone laminae often show grading. Current bedding and ripple marks may be

strongly developed and the sandstones are micaceous throughout most of the

section.

The relatively uncommon limestones, which occur as thin lenses within the
thinly bedded sandstones and shales are most abundant at the base and the top
of the Baggy Beds. They are fossiliferous, those at the base being mainly
composed of small gastropods and pelecypods, while those at the top, where the
beds grade into the Lower Pilton strata, are more crinoidal, These three
lithological components coccur with complete irregularity, and display no

rhythmical pattern.

The Lower Pilton Beds of Croyde Bay:are composed predominantly‘of thinly
bedded sandstones and slates. The coloﬁration of these beds is doﬁinantly
brown and various shades of grey. The individual sandstones range from no
more than pencil-thin partings to beds over a foot in thickness, and the
thicker sandstones usually show grading. Thicker sandstone beds occur within
the sandstone and slates, attaining thicknesses of 4-5 feet and often occurring
in groups of 10-30 feet thick. The Lower Pilton Beds can be distinguished

lithologically from the Upper Pilton Beds on the possession of these thicker
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sandstones, which may be of two types; (1) fossiliferous, calcarecus sandstone,
which usually exhibits current bedding, and which is invariably decalcified to
a great depth, and (2) medium grained, brown-grey sandstone, without current

bedding. This second type 1s rarely fossiliferous.

Relatively pure black slates up to 5 feet maximum thickness are found
throughout the section. These may or may not be fossiliferous, and sandstones

are absent from these groups.

Dispersed randomly throughout the section are thin lenses of highly crinoidal
limestone. These bands are not common and yet are of particular importance ac
they are the major conodont-bearing horizons. They range in thickness from 2
inches to 1 foot and are often partly decalcified. A more detailed description

of these lenses is given on page 5h.

The six lithological components of the Lower Pilton Beds at Croyde Bay,
Which have been mentioned above, succeed each other irregularly. The occurrence
of any rock type is random, with no indication of any rhythmic or cyclic pattern
of deposition. Figure 18 illustrates a representative portion of the Lower
Pilton Beds lithology, north of the beach at Croyde Bay, between samples PB.19
and PB.26. The overall colouration of the rocks ranges from brown to inter-

mediate and dark greys, while the limestones, when fresh, have a bluish-grey hue.

Within the Lower Pilton Beds at Croyde Bay two tuff bands occur, each
approximately 2-6 inches thick. These bands have not been located inland.
The tuffs are excellent marker horizons and have been found on both sides of the
bay. The lower tuff, which Goldring called tuff A, occurs just under 1000 feet
above the base of the Pilton Beds, and is separated by approximately 250 feet of
overlying typical Lower Pilton strata trom tuff B, (the name given to the upper
tuff by Goldring). North of the beach only tuff A has been identified; tuff B

1s probably represented here but could not be found. Goldring believes that
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tuff B does not outcrop north of the bay because of erosion, but, in the opinion
of the present author, there are more than 250 feet of strata exposed abcve the

occurrence of tuff A in this part of the section.

South of the beach the two tuff bands are easily located; tuff A outcrops
four times owing to folding and faulting, and tuff B is exposed twice. When
fresh, the tuffs are a creamy-white colour and can easily be spotted against the
drab browns and greys of the rest of the Lower Pilton strata. An excellent
exposure of tuff A can be seen in the core of an anticline (433.382) at Downend.
An equally good exposure of tuff B can be seen just north of this at Downend,
due west of the coastguard lookout station. Microscopically the two tuffs are
identical, but, in the field they are readily distinguished by the presence of a
creamy, 6-8 inch band of thinly current laminated sandstone which, directly
overliies tuff A but not tuff B. When weathered, the tuffs are dark in colour
and very difficult to differentiate from the surrounding deposits. The local
succession in the vicinity of the tuffs is a useful aid in locating these bands
Where they are more poorly exposed. Figure 19 illustrates the characteristic

sequence of Lower Pilton deposits in the immediate vicinity of tuff A.

At the junction of the Baggy and Pilton Beds on the north side of the bay
there occurs a contemporaneous slump. It is a prominent feature running east-
west from Laticosta Cave (427.401) to Pencil Rock (423.403). The thickness of
the slump is between 50 and 60 feet and while its upper margin is virtually
concordant with the bedding, the lower margin is more irregular. Smaller
slumps of a similar nature can be seen Jjust to the north toward Baggy Point.

The slumped beds themselves are highly contorted and show some very well-developed
sedimentary structures; they consist of relatively coarse grained brown
sandstone. Goldring (1956), who regards the slumps as near the Upper Baggy

boundary, suggests that, together with the lithological change, they imply the
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relatively rapid development of a deeper water environment at this time.

A more detailed discussion of the fossiliferous limestone lenses is
warranted because of the fact that they yilelded the only significant conodont
faunas recovered from the Baggy and Pilton Beds. These lenses, when fresh, are
of blue-grey colouration but exhibit a brownish hue when weathered. Apart
from their sporadic occurrence throughout the section as a whole, they are
limited in their extent whenever they were present. They range in thickness
from 2 inches to 1 foot, and are restricted laterally from a minimum of 3 feet
to a maximum development of about 80 feet. At certain horizons they pinch and
swell, whereas at others they attain a uniform thickness throughout their
lateral extent and then lens out. In parts of the section displaying a ripple-
marked bedding plane, the limestone deposits are limited to the intervening depr-
essions between the ripple peaks. Thus the limestones are discontinuous
lenses or pockets occurring within the sandstone-slate sequence. The nature

of their distribution is apparently wave or current controlled.

Thin sections of these limestones were cut for microscopic study. The
limestones were identified as calcarenites (Pettijohn 1957, p.401), although
they are somewhat impure, and a few of the fossil fragments are of a size that
would indicate a calcirudite. The groundmass is composed of calcitic mud
within which small quartz sand grains, %5 - %6 mm. in diameter, are abundant.
This quartz sand constitutes about 25% of the rock. A further 35% is occupied

by large grains of recrystallized calcite, which in some cases incorporates

smaller quartz grains. This recrystallized calcite often replaces fossiliferous
material totally or partially. The fossil content represents the remaining
hO% of the rock. The organic material is represented by crinoids, brachiopods

and others, in that order of importance.



PLATE A. Outcrop of Tuff A and the overlying cream
coloured sandstone in the northern limb of an anticline
at Downend, south of the beach at Croyde Bay.

PLATE B. Enlargement of a portion of Plate A.



PLATE C. Outcrop of Tuff A and its associated cream
coloured sandstone, due west of the Middleboro Hotel,
north of the beach at Croyde Bay.

PLATE D. Outcrop of Tuff B due west of the Coast-Guard
Lookout’at Downend, south of the beach at Croyde Bay.



PLATE E. Deformation within the “Grand Slump®, north
of the beach at Croyde Bay.

PLATE F. Deformation within
the "Grand Slump®, Croyde Bay.



PLATE G. The ="Grand. Slump*
Croyde Bay, viewed from the
east.

PLATE H. Fremington Pill. The change in lithology
between the black muddy shales of Pilton Beds B to the
right, and the brown-grey slates and shales of the
Pilton Beds C. View of outcrop from the west. A
thrust-fault separates the two lithological types.



PLATE 1. The occurrence of the crinoidal limestone
horizon which constitutes sample PB. 12, Croyde Bay.

PLATE J. The occurrence of the crinoidal limestone
horizon which constitutes sample PB.27, Croyde Bay.



PLATE K. The occurrence of the fossiliferous limestone
horizon which constitutes sample F.5, Fremington Pill.

PLATE L. The occurrence of the fossiliferous limestone
horizon which constitutes sample F.2, Fremington Pill.
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According to Folk's classification (1968) these limestones wouldl fall into

the category of biosparites.

iii, The lithology of the Fremington section. (517.337)

The oldest rocks in this section occur at the northern end ﬁf the narrow
beach (see Figure 17). They are extremely weathered and composed of lenti~ular
sandstones and slates. These rocks are overlain with apparent conformity, by
younger material consisting essentially of fine grained, brown and grey chales
and slates. Within the slates thin lenses or lenticles of fossiliferous,
calcareous shale occur, which are totally decalcified and badly weathered. The
average size of the lenses ranges between % and 2 inches in thickness and 3 and

8 inches in length.

From this point southward to a thrust, which occurs approximately L50 feet
from the gate at the southermost end of the section, the lithology is composed
almost entirely of drab, brown and grey slates. Occasional fossil lenticles
and cherty nodules are present, and calcareous sandstone bands and other paler
sandstones occur infrequently. The calcareous sandstones, when present, attain
a maximum thickness of 2 feet. About 600 feet north of the gate, an almost

completely weathered basic dyke occurs cutting through brown and grey slates.

Immediately south of the thrust mentioned above, there is a vigible change
in lithology. Black, muddy shales exhibit a marked colour contrast with the
browns and greys of the adjacent slates. They are indicative of g deeper water
environment and intermittent, unweathered fossiliferous limestone bands occur
within the shales. They reach a thickness of 45 feet before being faulted out
and succeeded by 15 feet of brown and grey slates. These slates are in turn

faulted out, and a further 22 feet of black shales and associated limestones occur.
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Above this, faulting once more exposes the brown and grey slates, which dominate
most of the section, and these continue to the southernmost end of the Fremington

exposure, although here sandstones are more abundant than elsewhere in the secticn.

Despite the lithological changes, Goldring (1956) maintains that the rocic
of the southernmost 150 years of the Fremington outcrop all yield a B fauna.
Furthermore, the faults and thrusts which cut this portion of the cuterep =are

considered by him to have no cignificant throw.

The conodont bearing fresh, fossiliferous limestones which occur within
the black shales were thin sectioned for microscopic study. They were found
to be almost pure calcarenites, composed of 60-05% fousil material, mainl; in
the form of crinoid and brachiopod fragments. The fossil material is set in
a matrix of fine calcitic mud, which occasionally shows larger, more consolidated
mzcsses of the same composition. There in very little guartz sand and the size
of the constituent fossils ranges between:ésand 2 mm. There are a few larger

crinoid fragments but these are in the minority.

This is a purer calcarenite than the Croyde Bay limestones, with little
evidence of recrystallisation.  The thickness of these limestones ranges from
1 - L inches, and, like their Lower Pilton conterparts, they are pod-like or
lenticular in their occurrence. Their lenticular nature is less obvious here
owing to the size of the outcrop as a whole.  They are black in colour and

often accompanied by substantial secondary calcite deposits,

Figure 27 shows the lithology of the southern outcrop of Upper Pilton Beds

B. Figure 17 illustrates the lithology of the rest of the outcrop at Fremington.

iv.  The lithology of the Bampton section.

Only two lithological types occur within this relatively small seection;

brown and blue-grev shalec, and fine-rrainea Laminaued Dlac-tiseck limestones.
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The shales are intensely weathered and form the bulk ot the catcrop, while the
limestones occur irregularly and are fresh and devoid of macrofossils. The
limestones range in thickness from 1 to 3% feet and seven bands are well exposed
in the road cutting. Figure 20 illustrates the stratigraphic succession and

the lithology of the strata occurring at this locality.
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2. THE STRUCTURE OF THE BAGGY AND PILTON BEDS

i. Introduction

The Devonian and Carboniferocus rocks of the North Devon area form the
southern limb of a large anticline whose axis is aligned east-west and would
have been located in the Bristol Channel. These rocks also constitute the
northern limb of the Devonshire synclinorium, whose axis has a similar trend.
The overall regional dip is 10-20° southwards, although sections within the
area usually display dips as high as 50-70o or even greater. The average
strike of the North Devon strata, closely follows the trend of the major fold
axes, being approximately east-west. The folds plunge at a low angle toward
the west and this, together with the effect of the many large northwest-southeast
trending, dextral faults which cut the region, causes the local trend of the

North Devon outcrops to be WNW-ESE.

In general, the Baggy Beds are strongly folded and this 1s most obvious in

the inland exposures such as that of the Bray Valley. The same general rule
can be applied to the Lower Pilton Beds. Thrusting and faulting are the main
structural features of the Upper Pilton Beds. There is an overall increase

in the intensity of deformation from the older to the younger beds.

Within the region there are four main types of faults, recognised by their
direction of displacement. These include (a) east-west-trending strike faults,
which are encountered in both the Baggy and Pilton Beds, (b) northwest-southeast-
trending tear faults, the most common of the four types, being present in both
the Baggy and Pilton Reds, (c) northeast-southwest-trending tear faults and,

(4) north-south faults, which are the least common type, being restricted to the

Baggy Beds.

Goldring summarised the tectonic history of the area as follows:-



L, North-south normal faulting.

3. Tear faulting.

2. Thrusting and reverse faulting (the East-West strike faults).

1. Folding and imposition of cleavage.

The first three structural events he attributed to the Amorican orogeny,
while the development of the north-south faulting may belong to another tectonic
eplsode. Goldring also commented on the close association between the type of
structural features and the lithology, the prime example to thisc being the intense

cleavage developed in the Lower Pilton slates.

Figure 21 illustrates the major structural features affecting the outcrop

of the Baggy and Pilton Beds in the vicinity of Barnstable,

ii. The structure of the Croyde Bay section.

The location and recognition of two tuff bands 1s essential if the structure
of the Croyde Bay section is to be interpreted correctly. The structure on each
side of the bay is not difficult to determine, but the relationship between the
rocks either side of the bay would be most difficult to evaluate without the
occurrence of the tuffs. They are fairly easily distinguished and provide the
worker with two excellent marker horizons. The overall interpretation of the
structure at Croyde Bay by Goldring (1956) was fully confirmed by the work of the

pPresent author.

At Baggy Point the beds are not greatly folded, but they are frequently
disturbed by faulting along a north-south line. They dip generally southward
at angles of 65-750, except in the vicinity of the slumped beds where their dipe
are of a lower order. South of the slump the Lower Pilton Beds continue to dip

southward, with a few localised exceptions, at attitudes which range from
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near-horizontal to near-vertical. The average dip of these beds lies between

MOO and 70o. Within this part of the section, tuff A outcrops in a large and
Prominent gully, due west of the Middlebro Hotel, but tuff B has not been located
north of the bay. Fast-west faults are easily recognised by the deep channels

or gullies which have been eroded by the sea along these lines of weaknes:s.

Faults with this directional trend are the most abundant in this particulzr part
of the section. Northwest~southeast tear faults are élso common in this vicinity.
Small-scale, localised folding occurs occasionally, the best examples being at
Freshwater Gut, but in general the rocks of this area, north of the bay, dip

southward.,

South of the bay the structural picture is far more complex. There is
some uncertainty as to what happens across the bay itself, but the prescnce of a
large syncline has been postulated by Goldring (1956) and the present authors
work confirms this as the most probable and reasonable explanation. The rocks
immediately south of the beach dip northward at an angle of 25-30°.  They form
the north limb of an anticline whose axis can be seen at 434.388. The southern
1imb of the same anticline dips southward at angles of 40-45°, At Downend the
rocks are folded into a large asymmetrical syncline within which numerous smaller
scaled folds can be seen. The axial portion of this syncline is particularly
contorted. Figure 22a indicates the major structural features affecting the
Lower Pilton Beds to the south of the beach, while Figure 22b and 22c provide

a more detailed picture of the complex nature of the syncline developed at Downend.

South of Downend and around the coast to Saunton, the strata are folded by
a series of relatively gentle, shallow anticlines and synclines. A total of
four anticlines and three intervening synclines can be identified irn the Lower

Pilton Beds which outcrop to the south of the beach at Croyde Bay.

The faults affecting this part of the section are dominantly northwest-
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southeast trending tezr faults, although at the Saunton end of the outcrop

northeast-southwest faults are equally common.

Both north and south of the bay the slates are highly cleaved, the angle

of cleavage is always high, being between_75O and vertical.

Figure 23 indicated the overall structure of the Croyde Bay section.

iii. The structure of the Fremington section.

From a structural point of view, this is the most complex of the three
sections described herein. The rocks are both thrust and faulted, particularly
in the southern half of the outcrop. Only one normal junction occurs between
the faunal divisions that can be recognised here, the rest being formed by
thrust faults. The northern outcrop of Pilton Beds B exhibits dips that are
generally southward, but within these beds there 1s a small asymmetrical syncline
just to the north of their thrust Jjunction with the Pilton Beds C. The latter
occur as gently undulating beds into which has been intruded a basic dyke.
Their southern margin is thrust against the southern outcrop of the Pilton Beds
B. Thrusting and normal faulting are very common throughout this southern
outcrop of the Pilton B beds although the fractures are not considered to have
any great throws. The beds dip southward at angles of 500 - 60°, Figure 24

illustrates the structure of the Fremington section.

iv. The structure of the Bampton section.

In contrast to the coastal exposures, the strata in the road-cutting near
Bampton is relatively undisturbed. The beds form a conformable sequence which

dips at 270 N.187O, and there is no evidence of foldinrg, faulting nor metamorphism

is this section.



SNOY3IHAINOGYVYI)NYINOAIA

m

(I
1z "1

AjB C-

STRUCTURE OF

0
1 P
scale
Y)
n
/1
/1
*
KEY
Sand and shingle? Anticlinal axis
' Rock outcrop “ X Sync.ina! axis
Dy«e LWM’ Low water murk
Faults HWM-Hijgh water mark
Local luunal div- t.f - Thrust- fault

isions assigned
to the Pilton Beds
by Goldnng

THE

FREMINGTON

IOOvyards

SECT ION

FPEMING TOf.

STATION

FIGURE 24

CARBONIFEROUS



62

CHAPTEK L4

METHODS OF STUDY

In 1963 Miss J. Robinson embarked on a post-gradﬁate study entitled,
"Conodonts from the Devonian rocks of Devonshire'. She collected samples
from Middle and Upper Devonian outcrops in both North and Socuth Devon. Her
collections from South Devon were restricted to the Chudleigh area, while in
North Devon she concentrated on the Croyde Bay outcrop of the Baggy and Pilton
Beds, the Ilfracombe Beds at Combe Martin, and a series of isolated exposures

north of Barnstable Bay, which she termed collectively, 'Goldring's Localities’.

Upon returning to the University College of Swansea, Miss Robinson
Processed and examined the bulk of her South Devon samples, but before starting
any work on the rocks from North Devon she decided to curtail her studies in

this field.

Under the supervision of Professor F.H.T.Rhodes, the writer started at the
point where Miss Robinson had terminated her work. The Pilton Beds of North
Devon were potentially the most interest;ng of her collections owing to the
fact that they are a transitional group crossing the Devonian - Carboniferous
boundary. These samples were duly processed, as were those from her other
North Devon collections. Further sampling of the Croyde Bay section, the
Fremington Pill section of the Pilton Beds, the Ashford Strand section of the
Pilton Beds and the many inland exposures of the Baggy and Pilton Beds was

undertaken by the author.

Of the 76 samples collected by Miss Robinson from Croyde Bay, only 6

yielded conodonts. She implemented a sample interval of 5 feet or sometimes
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10 feet over much of the outcrop south of the beach, starting at the eastern
end of the section, below the Saunton Sands Hotel, and working her way west

and then north to Downend. It appears that she concentrated on this southerly
outcrop, as 70 of her total of 76 samples were taken from here. North of the
beach, where the outcrop is almost as long, and stratigraphically thicker, she
collected only 6 samples. Ironically, it was these 6 samples that yielded

conodonts, Miss Robinson's collection code for the Croyde Bay section was SS.

At Combe Martin Miss Robinson collected 7 samples of the Ilfracombe Beds,
and here her collection code was S(CM). These samples were in no stratigraphic
sequence, but merely isolated examples of the Ilfracombe Beds from various
localities within the Combe Martin area. No conodonts were recovered from these

grey-black limestones.

A further 7 samples were collected by Miss Robinson from various localities
in the area north of Barnstable Bay, namely, Heaton Punchard 498,357 and 505.358,
West Ashford 523.354, Ashford Church 533.353, Horridge 530.355, Bradiford 550.34k4,
and Westway 562.350. No conodonts were recovered from these samples which she

called 'Goldring's Localities’.

Despite the poor results obtained from the majority of Miss Robinson's
samples, in terms of conodonts recovered, one important fact did emerge which
was to help the writer in his own samplihg. The only productive horizons in the
Upper Baggy and Lower Pilton Beds were crinoidal limestone lenses, no conodonts
being recovered from the black slates and shales which dominate the outcrops of
these beds. Most of the slates, although treated with a variety of reagents,
could not be disaggregated, while the softer and more calcareous black shales

yielded no conodonts despite the fact that they could be broken down to some

degree.
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In view of these results, the present writer's collections within the
Baggy and Pilton Beds were directed toward the location of as many crinoidal
limestcne horizons as possible. In many exposures such horizons could not be
found, and when they were located, they were invariably uncommon and widely
dispersed throughout the sections which were dominated by slate and shale.

In exposures where no fresh limestone could be located the most calcareous of

the shales were sampled.

Owing to the sporadic occurrence of the crinoidal limestone lenses, no
systematic sample interval could be used; 1t was rather a case of locating
limestones wherever possible and recording their stratigraphic position

relative to each other and to certain marker horizons within the sections.

The exposures of the Baggy and Pilton Beds can be conveniently divided
into three types:- (a) those containing fresh limestone horizons from which
conodont: have been recovered, the dominant slate lithology proving unproductive;
(v) those containing fresh limestones and shales, neither of which have yielded
conodonts; (c) those which have no fresh limestones. The sections which may
be included in type (a) are; the Croyde Bay section, the Fremington Pill
section and the Bampton section. Type (b) exposures are mainly found in the
Bray Valley, however, the Bampton section could almost be included in this
category as only a single conodont specimen has been recovered from the limestone
horizons occurring there. Type (c¢) includes all the other inland exposures of
the Baggy and Pilton Beds together with the coastal section at Ashford Strand,

and Miss Robinson's spot samples which she called 'Goidring's Localities'.

The writer proposes to give only the detailed stratigraphic diztribution
of the samples Laken from the productive sections.  Each tection will be dealt

with in turn.
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Sampling of the Croyde Bay section.

Figure 25 indicates the stratigraphic distribution of those samples
collected by Miss Robinson, and the author, from the Croyde Bay section, while

Figure 25 indicates their geographic distribution.

A total of 36 crinoidal limestone horizons were located in the Upper Bazgry
and the Lower Pilton Beds of Croyde Bay. Their distribution was completely
irregular, with the result that the thickness of strata between successive
samples ranged from a minimum of 10 feet to a maximum of 250 feet. The 36
camples collected by the suthor included recollections of the 6 productive
horizons located by Miss Robinson. The crinoidal limestone lenses were
reletively abundant north of the beach, but rare to the south. Initially,

5 kilograms of each sample were taken, but almost all horizons were resampled.

The sample code used for these limestones was PB.

A further 32 samples of calcareous sandstone were also collected in the
hope that this lithology would yleld conodonts.  The sample code given to these
was CJ. Many of these bands were too decalcified to break down, and those that
were disaggregated to some extent proved to be non-productive, Figure 25

illustrates the stratigraphic distribution of these bands.

In all, 138 samples were processed from the Croyde Bay section, of which
only 34 crinoidal limestone horizons yielded conodont faunas. Figure 25
illustrates the stratigraphic distribution of these productive horizons within the
Upper Baggy and the Lower Pilton Beds. As the Croyde Bay section ic folded,
special care in recording the precise stratigraphic position of the samples was
essential. The tuff bands proved invaluable in locating the relative position

of the camples from either side of the bay.
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Sempling of the Fremington Pill Section.

At Fremington, the situation was the same as at Croyde Bay. A total of
8 fresh crinoidal limestone horizons were located at this outcrop. All the
horizons occurred within a vertical thickness of 70 feet in the southern third
of the section. The remainder of the section was devold of fresh material,
but two further samples, which proved unproductive, were collected from the

Pilton Bed C. These samples were of weathered fossiliferous shales,

The 8 limestone samples have been recollected several times but conodont
faunas were recovered from only three of them.  Within the 70 feet of strata,
the limestones were irregularly distributed, the thickness of rock between
successive samples varies from 3 feet to 35 feet.  The sample code for this
locality was F, and Figure 27 shows the geographic and stratigraphic distribution

of the limestones in this section.

Sampling of the Bampton Section.

At Bampton fresh limestone beds were more evenly dispersed throughout the
relatively limited section. Seven limestone bands were located within the
95 feet of rock outcropping here, none of which were more than 15 feet apart
stratigraphically. These seven bands, together with five samples of the
interbedded slates and shales, were collected and processed. Of the twelve
samples, only one yielded conodont material, and this was extensively
recollected. The sample code chosen for this section was B and the

stratigraphic distribution of the samples collected 1s indicated in Figure 20.

The age of the rocks occurring in the Bampton section has not been
established precisely, although they are almost certainly uppermost Devonian

or lowermost Carboniferous.
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PROCESSING.

A1l the samples from the Upper Baggy and the Pilton Beds, including those

collectad by Miss Robinson, were processed according to the following procedure.

Five kilograms of each sample were initially collected from each horizon
and this total weight was divided into two approximately equal portions of 2%
kilograms. The rock was then broken into small fragments of maximum diameter
1 inch. The fragmented portions were placed in plastic buckets and immersed in
a 15% commercial acetic acid solution. Each bucket was carefully labelled and
stored on wooden racks. After a period of 4 to 6 days the contents of each
bucket were wet sieved and any undissolved rock was reacided with the same
concentration of acetic acid. After a further 4 to 6 days the contents of the
buckets were sieved once again, and if necessary further acid treatment and
sieving continued until only insoluble rock material remained. Horizons which
were resampled were processed in the same way, a further 3 to 4 kilograms being

the average weight recollected.

The limestones collected were rapidly digested by this method, but the less
calcareous samples showed little or no breakdown. A variety of other reagents
were used in an effort to disaggregate the latter, including formic acid,
hydrogen peroxide, sodium hydroxide and kerosene, By far the most successful
was 90 volume hydrogen peroxide. Particularly durable slates were broken down

to some extent by the employment of freeze-thaw techniques.

Four sieves were used in the wet sieving process, the mesh sizes being,
from top to bottom, 25, 50, 100, 200. Material trapped in the first sieve was
retreated with acid, while that trapped in the bottom three sieves was retained
and air-dried. The recsidues retained on each of these three sieves were

isolated. Excess moisture in each residue was removed by simple filtering in
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a conical funnel, and then the sieved material was spread on filter paper and

allowed to dry at normal room temperatures.

When dry the samples (which were in three separate portions corresponding
to the cize of the sieves) were bottled and labelled. Some of the dirtier,
muddy residues recovered after sieving were washed and boiled in metal saucepans
to eliminate the very fine mud and silt. Immediately after the saucepan is taken
from the heat and turbulence stops, the heavier conodonts sink to the bottom

and the light, fine sediment, which is still in suspension, can be safely decanted.

In order to reduce the amount of material to be examined microscopically,
each individual residue obtained from sieving was separated by using heavy
liquids. Two methods of heavy liquid separation have been employed, one using
bromoform and another using tetrabromoethane. The former method was used
while the writer was working at the University College of Swansea, while the

latter was introduced during his year at the Universityof Michigan.

Bromoform Method.

The dried residue is poured into a separating funnel containing clean, pure
bromofrom, and stirred at frequent intervals. The specific gravity of the
bromoform is 2.6 to 2.8, whereas that of conodonts is 2.84 to 3.10, consequently
the conodonts, plus any other material with a density higher than that of
bromoform, fall to the bottom of the separating funnel. The lighter material
floats on the surface of the liquid. After one or perhaps two hours, the heavy
fraction is run off and caught in filter paper. The bromoform is drained from

the heavy fraction and rebottled, and then the sample itself is washed thoroughly

with methanol to remove the traces of heavy liquid. After washing, the sample
is rapidly dried in a furnace while the mixture of bromoform and methanol washings

1s set aside for later recovery of the bromoform.
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The light fraction ol the residue is now run off, washed and dried in a
similar way, and the bromoform rebottled for further use. To recapture the

bromoform from the methanol washings, the mixture is shaken irn a separating

funnel with clean water. The water extracts the methanol from the mixture
forming a milky liguid which floats on top of the bromoform. The funnel is
allcwed to stand overnight and the bromoform can be run off, If clear calcite

(specific gravity 2.72) floats on the heavy liquid it 15 then pure enough to be

used once more.

Tetrabromoethane Method.

The principle is exactly the same as that of the previously described
method. The use of tetrabromoethane is preferable because of its higher
specific gravity of 2.89, its lower toxicity, its low volatility and relatively
inoffensive odour. Furthermore, tetrabromoethane is very easily recovered
from washings, an important consideration when using this relatively expensive

liquid.

The residue is allowed to settle out in tetrabromoethane for one to two
hours, although a longer period of time is desirable if the liquid is very pure.
The dilution of such pure forms of this liquid, to a specific gravity of 2.75,
is recommended to make the process more rapid.  The heavy and light fractions
are washed with white gasoline before being dried, and the tetrabromoethane is

recovered by simply allowing the gasoline to evaporate,

Having dried the heavy and light fractions, the latter are stored and the
heavy material examined microscopically, using a binocular microscope capable
of magnifications of the order of at least x60. The material is scattered on a
petri dish, which has been squared by some means, then systemstically searched

for conodonts and other organic material. Using a fine brush, the conodonts
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are picked and mounted on microscope slides which are divided into 62 or 100

squares. Tragacanth is used to mount the specimens on the slides.

To aid identification the conodonts are photographed orally, aborally
and laterally. The photographic prints produced for this purpose display
magnifications of x40 the original size of the conodont elements. The camera
used in Swanseaz was a Leitz Aristophot, while that used in the University of

Michigan was a more sophisticated version of the same apparatus.

Preszervation of the conodont faunas.

The conodonts recovered from the Croyde Bay and Fremington Pill sections
were black and opaque. However, in some of the more delicate forms 'white
matter' was visible at the extreme tips of the denticles. The one conodont rec-

overed from the Bampton section was grey-brown in colour and also opaque.

A considerable number of the conodonts from the Pilton Beds were incomplete,
the blades of the platform types were often missing, and few of the bar, blade
and pick types were without some small fracture. However, the problem of break-
ages was less significant than that posed by minute quartz and calcite crystals
which were often found adhering to the surface of specimens, obscuring their
detailed form. Two techniques were employed in an attempt to clean specimens
of these crystals, (a) using ultrasonic vibrations and (b) using hydrofluoric
acid. The ultrasonic vibrator proved to be too violent and shattered the
conodonts themselves, while the procedure involving the use of hyrofluoric acid
is so intricate (too great a concentration of the acid attacks the conodont
material) that this was also abandoned. sSome cleaning was ultimately erfected
under the microscope, by careful and meticulous manual scraping of the specimens

with a very fine needle,.
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There follows a 1list of the collecting data for the unproductive coastal and

inland outcrops of the Upper Baggy and Pilton Beds investigated by the author,

Plaistow Quarries (576.373) at Bradiford Water - From this outcrop of the Baggy

Beds in the Bradiford Water Valley, four spot samples were taken from the thick

occasionally fossiliferous sandstones which dominated the lithology.

Exposures in the Caen River Valley - Outcrops of both the Baggy and Pilton Bed:s

occur in this valley, but no samples were collected due to the unsuitable

lithologies that were encountered at all the sections located.

Lobb (470.370), east of Saunton - No samples of the massive Baggy Beds sandstone

were collected from this outcrop.

North Lobb (470.380)- Two spot samples were collected from the almost horizontally

bedded fossiliferous slates and sandstones at this locality.

Quarries in the Bray River Valley between Brayford (680.3&0) and Charles (690.320) -

Here outcrop the best inland exposures of the Baggy Beds ina series of road-side
quarries. Collections were made at Council and Notts Quarries (693.327), where
seven and five samples respectively were taken from the interbedded sandy
limestone, massive sandstones and calcareous shales, Only the horizons which
appeared to be more calcareous were sampled and hence the sample interval was
inconsistent. No samples were collected from Bondy's Pit (688.339), Moule's

Chamber (689.338) and Wilcombe Quarry (688.336),

Rumsam Road, Barnstable (570.314) - At this outcrop the boundary between the

Upper Pilton Beds and the Codden Hill Cherts can be seen. A single sample of
the bedded cherts was collected, immediately above the last cccurrence of the

Upper Pilton slate lithology.
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Poleshill Quarry, North Barnstable (550.345) - No samples were collected at thisg

locality.

Barnstable Junction S3tation, Barnstable - Here the Upper Pilton Beds outecrop to

the south of the railway track in a relatively high rock face. Twelve samples
of the sandstone, slate and shale lithology were collected at 5 feet intervals

from the base of the exposure.

Blatchford House, North Barnstable (567.359) - No samples were collected from

this outcrop.

Ashford Strand - At this locality Goldring's local faunal subdivision A3 outcrops.

The exposures occur as reefs on the narrow shore, although occasional patches
of rock are found in the very low cliffline of the estuary. The lithology is
dominated by sandstones and slates, some of which are fossiliferous. Eleven
spot samples were taken of the more fossiliferous material located within this
section. The sample interval utilised was irregular in order to accommodate

the irregularity of occurrence of the more fossiliferous horizons.
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CHAPTER 5

FAUNA ASSOCIATED WITH THE CONODONTS OF THE UPPER BAGGY AND THE PILTON BEDS.

As has been explained in Chapters 3 and 4, the conodonts recovered from
the Pilton Beds and underlying Upper Baggy Beds were restricted to the infrequently
occurring crinoidal limestone lenses. These lenses were composed of shell
debris and limestone and the ratio of these two constituents wac higlly variable.
Some lenses were almost wholly made up of shell fragments, of which brachiopods,
crinoids, pelecypods, gastropods, trilobites and a few corals were most abundant,
while other lenses were composed primarily of crystalline limestone with only
disarticulated crinoid and blastoid columnals. Owing to the nature of their
deposition, the macrofossils found in the limestone lenses were invariably

difficult to identify.

In the slates, shales and sandstones which constitute the bulk of the
Pilton Beds, relatively well preserved macrofaunas may be collected. Goldring
(1955) recovered readily identifiable macrofaunas from both the Baggy and
Pilton Beds, but he made no detailed study of the fauna from the lower beds.
He noted that thick-shelled pelecypods and gastropods were the main faunal
elements in the Baggy Beds, together with an abundance of plant stems but a rarity
of plant leaves. Fish scales were also common in these beds but the only common
brachiopod was Lingula. Indications of former benthic life was present in the

form of burrows and tracks of various kinds.

The fauna of the Pilton Beds is more diverse. Brachiopods are represented
by productids, spiriferids, orthotetids, orthids, athyrids and rhynconellids.

Pelecypods, gastropods, and trilobites are not uncommon, and goniatites, although
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rare, were found in the Upper Pilton Beds. Corals, echinoderms and bryozoa

have also been identified from these beds.

On the basis of the characteristic macrofauna, Goldring was able to
divide the Pilton Beds into three major faunal divisions, the oldest of which
could be further divided into three subdivisions. Each of Goldring's divisions

and its characteristic fauna are listed in ascending order:-

PILTON BEDS A: - containing Phacops (P.) accipitrinus.

Pilton Beds Al: type locality Laticosta Cave (427.401)

- containing Whidbornella pauli, W. caperata, Hamlingella

capillaris, Mesoplica praelonga, Cyrtospirifer verneuili.

- absent Hamlingella piltonensis.

Pilton Beds A2: type locality 'Tuff' band A.

- containing W. caperata, H. capillaris, M. praelonga,

M. simplicoir, C. verneuili.

- absent W. pauli, H. piltonensis.

Pilton Beds A3: type locality Poleshill Quarry (550.345)

- containing W. caperata, H. piltonensis, M. simplicoir,

Dictyoclostus sp. 1, C. verneuili, Spirifer tornacensis.

- absent g. cagillaris.

PILTON BEDS B: type locality Fremington Station (517.335)

- containing Gattendorfia crassa, Cyrtosymbole (Macrobole)

hercules, C. (M) duodecimae, C. (M) mulesi, C. (Waribole)

porteri, Buxtonia paeckelmanni, Productina fremingtonensis,

Spirifer tornacensis, Syringothyris.
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- absent Whidbornella, Hamlingells, Cyrtospirifer

verneuili, M. praelonga, M. simplicoir.

PILTON BEDS C: type locality Ladywell Wood Quarry (517.358).

- containing Piltonia salteri, P. fremingtonensis,

Dictyoclostus porteri, Spirifer tornacensis.

These then are the local faunal divisions that Goldring was able to
recognise in the Pilton Beds, on the basis of the macrofossils that he identified.
A complete faunal list submitted by Goldring (1956) is given in the following

pages.

FAUNAL LIST FOR PILTON BEDS Al.

Phacops (Phacops) accipitrinus Rud. & E. Richter

Whidbornella caperata (Sowerby)

Whidbornella pauli Goldring

Hamlingella capillaris (Reed)

Mesoplica praelonga (Sowerby)

Pleurodictym sp.

Schizophoria resupinata (Martin)

Derbyia kayseri Gallwitz

Leptaena analoga (Phillips)

Cyrtospirifer verneuili (Murchison)

Athyris cf. lens (Winchell)

Nudirosta laticosta (Phillips)

Camerotoechia letiensis (Gosselet)

Aviculopecten (A) nexilis (Sowerby)

Ptychopteria damnoniensis (Sowerby)

Ctenodonta lirata (Phillips)
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FAUNAL LIST FOR PILTON BEDS A2,

Phacops (Phacops) accipitrinus Rud. & E. Richter

Whidbornella caperata (Sowerby)

Hamlingella capillaris (Reed)

Mesoplica praelonga (Sowerby)

Mesoplica simplicoir (Whidbourne)

Zaphrentis omaliusi Edwards & Haime

Pleurodictym sp.

Dalmanella interlineata (Sowerby)

Dalmanella whidbornei Gallwitsz

Derbyia kayseri Gallwitz

Leptaena analoga (Phillips)

?Spirifer tornacensis de Koninck

Cyrtospirifer verneuili (Murchison)

Cyrtospirifer julil Dehee

Athyris concentrica van Buch

Crurithyris unguiculus (Sowerby)

Camerotoechia letiensis (Gosselet)

Aviculopecten (A) transversus (Sowerby)

Aviculopecten (A) nexilis (Sowerby)

Aviculopecten (A) auritus (Whidborne)

Pterinopecten halli Whidborne

Streblopteria piltonensis (Whidborne)

Streblopteria lepis (Whidborne)

Ctenodonta lirata (Phillips)

Sanguinolites spp.

Raphistoma junius de Koninck
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Capulus compressus Goldfuss

Bellerophon labyrinthoides Whidborne

Orthoynchia acuta Romer

FAUNAL LIST FOR PILTON BEDS A3

Phacops (Phacops) accipitrinus Rud. & E. Richter

Whidbornella caperata (Sowerby)

Hamlingella piltonensis (Reed)

Mesoplica simplicoir (Whidborne)

Zaphrentis sp.

Pleurodictym sp.

Dalmanella bergica (Kayser)

Cyathaxonia sp.

Lophophyllum sp.

Dalmanella interlineata (Sowerby)

Rhipidomella michelini Leveille

Derbyia kayseri Gallwitz

Streptorhynchus (Schuchertella) paeckelmanni Gallwitz

Streptorhynchus (Schuchertella) portlockiani (Von Sem)

Leptaena analoga (Phillips)

Spirifer tornacensis de Koninck

Spirifer strunianus Gosselet

Cyrtospirifer verneuili (Murchison)

Cyrtospirifer julii Dehee

Spiriferellina bouchardi (Murchison)

Athyris concentrica van Buch

Crurithyris unquiculus (Sowerby)

Aviculopecten (A) transversus (Sowerby)

Aviculopecten (A) nexilis (Sowerby)
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Aviculopecten (Girtypecten) austeni (Romer)

Pterinopecten halli Whidborne

Streblopteria piltonensis (Whidborne)

Streblopteria hicksii (Whidborne)

Sanguinolites porteri Whidborne

Sanguinolites spp.

Streptorhynchus (Schuchertella) portlockiani (v. Sem

Imitoceras sp.

Gattendorfia crassa Schindewolf

Gattendorfia sp.

Cyrtosymbole (Macrobole) hercules Rud. & E. Richter

Cyrtosymbole (Macrobole) duodecimae R. & E. Richter

Cyrtosymbole (Macrobole) mulesi R. & E. Richter

Cyrtosymbole (Waribole) porteri Goldring

Brachymetopus (B) woodwardi (Whidborne)

Productina fremingtonensis (Reed)

Buxtonia paeckelmanni Paul

Buxtonia nigra (Gosselet)

Linoproductus cf. corrugatus (McCoy)

Avonia sp. nov. 1

Spirifer tornacensis de Koninck

Syringothyris spp.

Brachythyris ratingensis Paul

Spiriferellina spp.

Cleiothyridina roysii (Leveille)

Derbyia steinhagei Paul




Derbyia kayseri Gallwitz

Streptorhynchus paeckelmanni Gallwitz

Leptaena analoga Phillips

Schizophoria resupinata (Martin)

Camerotoechia pleurodon (Phillips)

Streblopteria piltonensis (Whidborne)

Aviculopecten cf. wasserfallensis Paul

Leiopteria bodana Romer

Ptychomphalus cf. sp. 1 Paul

Loxonema cf. anglicum 4'Orbigny

Pleurodictym sp.

Dalmanella bergica (Kayser)

Crurithyris unguiculus (Sowerby)

Aviculopecten (A) nexilis (Sowerby)

Pterinopecten halli (Whidborne)

Streblopteria hicksii (Whidborne)

Sanguinolites mimus Whidborne

Sanguinolites spp.

Cypricardinia scalaris Phillips

Ptychomphalus spp.

Raphistoma junius de Koninck

Bellerophon spp.
Spiriferellina perplicata North

Spiriferellina sp. nov., 1

Spiriferellina sp. nov. 2

Athyris concentrica von Buch

Athxris sp. nov., 1

Avonia schmidti Packelmann

79
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Streptorhynchus portlockiana (von Sem)

Ptychomphalus spp.

Imitoceras sp.

Piltonia salteri Goldring

Brachymetopus (B) woodwardi (Whidborne)

Productina fremingtonensis (Reed)

Avonia sp. nov. 1

Linoproductus cf. corrugatus {McCoy)

Spirifer tornacensis de Koninck

Cleiothyridina roysii (Leveille)

Aviculopecten nexilis (Sowerby)

Aviculopecten cf, wasserfallensis Paul

Cypricardinia scalaris Phillips

Ptychomphalus spDp.

Dalmanella bergica (Kayser)

Streblopteria hicksii (Whidborne)

Capulus sp.

Sanguinolites spp.

éEEXEiE sp. nov. 1
Spiriferellina perplicata North

Brachythyris ratingensis Paul

Streptorhynchus paeckelmanni Gallwitz

Plicatifera lamellosa Paul

Dictyoclostus porteri (Reed)
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In addition to conodonts, many other types of organic remains were
recovered from the limestone residues which were examined microscopically.
Most abundant were fish teeth and plates, sponge spicules, and ostracod molds
and casts, A small species of gastropod was particularly prolific in certain of
the Lower Pilton samples, and bryozoa were well represented in several horizons.

It has been mentioned in Chapter 2, Section C, that the spore Hymenozonotriletes

lepidophytus, has been isolated from three horizons in the Lower Pilton Beds.

Although this chapter is essentially concerned with the fauna associated
with the conodonts of the Pilton Beds, at this juncture it is convenient to
include a list of conodonts prepared by D.L.Dineley. All the conodonts listed
are from a horizon approximately 120 metres above the base of the Pilton Beds

on the Saunton Sands foreshore.

Gnathodus texanus Roundy

Hibbardella sp. & spp.
Icriodus Sp.
Ligonodina SPP-
Lonchodina Spp.

Lonchodina devonica n. sp.

Lonchodus distans Smith

Lonchodus Spp.
Oistodus spp.

Pelekysgnathus nigrus n. sp.

Pelekysgnathus serratus n. sp.

Pelekysgnathus thomasi n. sp.

Polygnathus adola Cooper

Polygnathus cf.'g. decorosus Stauffer
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Polygnathus cf. P. spicata

Polygnathus symmetrica

Neoprioniodus cf. P. confluens Branson & Mehl

Neoprioniodus cf. P. corniger Branson

-

Neoprioniodus spp.

? Ptiloconus n.sp.

Roundys ferex n.sp.

Roundya hassi n.sp.

Spathognathodus bassleri n.sp.

Spathognathodus elongatus Branson & Mehl

Spathognathodus cf. S. regularis Branson & Mehl

Spathognathodus sauntonensis n. sp.

Synprioniodina forsenta Stauffer

Tripodellucplanus n.Sp.

This list differs with that of the present author in three significant

respects. (1) It records no specimens of Spathognathodus aculeatus and its

close relatives, this species is very apundant in the author's collections.

(2) The genus, Pseudopolygnathus, does not appear on Dineley's list, a form

which dominates the conodont fauna in virtually all the Lower Pilton samples
examined by the author. (3) The author has noted specimens which look like

Gnathodus texanus, but considers that such forms are juvenile pseudopolygnathids

The two lists agree on the presence of Icriodus, Pelekysgnathus and

Polygnathus, and the absence of Palmatolepis.
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CHAPTER 6

DISTRIBUTION OF THE CONODONT FAUNAS WITHIN THE UPPER BAGGY AND

THE PILTON BEDS

An account of the stratigraphic distribution and total number of conodont
bearing horizons, located in the Upper Baggy and the Pilton Beds, has been given
in Chapter 4. The present Chapter concerns the distribution of the conodont
faunas themselves. A description of this nature may be conveniently accomplished
under two sub-headings, (a) the numerical distribution of the conodonts within
the horizons samples, and (b) the stratigraphic range of the genera, species

and subspecies within the Upper Baggy and the Pilton Bed successions.

(a) The numerical distribution of the conodont faunas.

Table 1 shows the total number of identifiable conodonts recovered from each
horizon sampled in the Upper Baggy and the Pilton Beds. The weight of rock
initially collected at each horizon is recorded, as is the weight of any
recollections that were made. A histogram has been constructed to express the
number of conodonts yielded per kilogram of rock from each of the productive

horizons (see Figures 28 & 29).

(b) The stratigraphic range of the important conodont taxa.

Figure 30 illustrates the range of the individual conodont genera within the
Upper Baggy and the Pilton Beds. Figure 31 shows the range of the species and

subspecies of the genus Spathognathodus, while Figure 32 of the genus Polygnathus.

The ranges of the pseudopolygnathid, icriodid and pelekysgnathid species are
included in the same Figure (Figure 33), as only two species of each genus were

identified.
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The 'blade’ and 'bar' type conodont elements recovered from the Upper Baggy
and the Pilton Beds, were present throughout the successions and consequently,
they were not stratigraphically important. They have been systematically

described in only a very general way.
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TABLE 1
THE NUMERICAL DISTRIBUTION OF THE CONODONT FAUNAS RECOVERED
FROM THE UPPER BAGGY AND THE PILTON BEDS
SAMPLE NUMBER WEIGHT OF WEIGHT OF TOTAL NUMBER
AND CODE INITIAL SAMPLE SAMPLE RECOLLECTED OF IDENTIFIABLE
CONODONTS
¥F.9 5 kilograms 0 kilograms -
F.8a 5 " 0 " -
F.8 5 " b 5 91
F.7 5 " 0 " -
F.0 5 " b " 140
F.5 5 3 "’ 51
F.5a 5 " 0 " -
F.3 5 " 0 " -
F.2 5 " 0 " -
F.1l 5 " 0 " -

PB

PB

PB.

PB.

PB.

PB.

PB.

PB.

F = Samples collected by the author from the Fremington coastal exposure.

.36
.35
3k
33
32
31
30
29

5 kilograms
5 "
L "
L.s "

L“ "

2 kilograms
3 "

1.5 "

62

179

12

16
15

110
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TABLE 1 (Continued)

TOTAL NUMBER
SAMPLE NUMBER - WEIGHT OF WEIGHT OF OF IDENTIFIABLE
AND CODE INITIAL SAMPLE SAMPLE RECOLLECTED CONODONTS
PB. 28 5 kilograms 4 kilograms 20
PB. 27 5 " 3 " 123
PB. 26 5 " 0 " 12
PB.25 5 " 3 " 561
PB. 2k 5 " 3 " 151
PB.23 5 " 5 " 56
PB.22 5 " 0 ! 10
PB.21 5 " 3 ! 206
PB. 20 5 " 2.5 " 322
PB.19 5 0 ! 12
PB.18 Lo 0 " 33
PB.17 5 " 2 " 217
PB.16 5 o L " L78
PB.15 5 " 3 ! L1
PB.14, $S5.103 5 2 ! 32
PB.13 5 " 0 " 145
PB.12 5 " 2 " 315
PB.11, SS.90 5 " 0 " 13
PB.10, SS.91 5 " b " 261
PB.9 5 " 1.5 " 98
PB.8, SS.102 5 " 2 " 36
PB.7, S8.101 5 " 2 " 13
PB.6, SS.100 5 " 2 " ‘ 42

PB.5 5 " 0 " 16
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TABLE 1 (continued)

_ TOTAL NUMBER
SAMPLE NUMBER WEIGHT OF WEIGHT OF OF IDENTIFIABLE
AND CODE " INITTIAL SAMPLE SAMPLE RECOLLECTED CONODONTS
PR.4 5 kilograms 3 kilograms 172
PB.3 5 " Y ! 33
PB.2 5 " 1 " 193
PB.1 5 " 2 " 8

PB = Samples of fossiliferous limestone collected by the author from

Croyde Bay.
B.12 5 kilograms 0 kilograms -
B.11 5 " b " -
B.10 5 " 0] " -
B.9 5 " p) " -
B.8 5 " 0 " -
B.7 5 " 25 " 1
B.6 5 " 5 " -
B.5 5 " o " ;
B.k4 5 " 0 " -
B.3 5 " 0 " -
B.2 5 " 5 " -
B.l 5 " 3 " -

B = Samples of fine-grained limestone collected by the author from
Bampton exposure.

N.B. In the three exposures listed above, all the sampled horizons are
arranged in stratigraphic order, The samples tabulated in the

remainder of Table 1 are not in stratigraphic order.
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SAMPLE NUMBER
AND CODE
CJ.
CJ.
Cd.
CJ.
CJ.
CJd.
CJ.
CJ.
CJ.
CJ.
CJ.
CJ.
Cd.
CJ.
CJ.
Cd.
CJ.
CdJ.
Cd.
CJd.
CJd.
CJd.
CJ.
CJ.
CJ.

CJd.

1

2

~N O W

10
11
12
13
1L
15
16
17
18
19
20
21
22
23
ol
25
26

WEIGHT OF
INITTIAL SAMPLE

4 kilograms

N

= Ul

3.5
3.5

n

1"

1"

WEIGHT OF
SAMPLE RECOLLECTED

0 kilograms

0

0

88

TOTAL NUMBER
OF IDENTIFIABLE
CONODONTS



TABLE 1 (Continued)

SAMPLE NUMBER WEIGHT OF
AND CODE INITIAL SAMPLE
CJ.27 5 kilograms
CJ.28 5 "

CJ.29 L "
CJ.30 5 "
CJ.31 5 "
CJ.32 5 "

SS.

S3.

88,

88.

8S.

SS.

S8.

S3.

88,

RISH

SS.

SS.

SS.

SS.

5S.

SS.

WEIGHT OF

SAMPLE RECOLLECTED
0 kilograms
O 1"

O 1"

89

TOTAL NUMBER
OF IDENTIFIABLE
CONODONTS

CJ = Samples of calcareous sandstone and sandy limestone collected by the

~3 (@)Y \ = w

10
11
12
13
1k
15
16

author from Croyde Bay.

5 kilograms
3 "
3 mn

w v w w w w
\n

n
\N

wm W W

0 kilograms
O 1"

O 4]



TABLE 1 (Continued)

SAMPLE NUMBER
AND CODE
33,
SS.
88,
S8.
S8.
S8,
S8.
83.
83,
SS.
SS.
SS.
SS.
83.
8S.
SS.
S8.
3S.
SS.
S8,
SS.
S8.
8S.
88,

58.

17
18
19
20
21
22
23
2l
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
Lo
b1

WEIGHT OF
INITIAL SAMPLE

3 kilograms

3

w W w T\

w w \Ji w w w N W w = W \Jl \N i

w W\

"

"

WEIGHT OF
SAMPLE RECOLLECTED

0 kilograms

0

0

90

TOTAL NUMBER
OF IDENTIFIABLE
CONODONTS
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TABLE 1 [Tontinued)

i L
N

TOTAL NUMBER

SAMPLE NUMBER -  WEIGHT OF WEIGHT OF OF IDENTIFIABLE
AND CODE INTTTIAL SAMPLE SAMPLE RECOLLECTED CONODONTS
535,33 3 kilograms 0 Kilograms -

83,84 2 : 0 " -
$8.85 5 " 0 " -
35.86 5w 0 " i
23.87 L ' 0 " -
£5.90,PB. 11 5 0 13
8€.91,PB.10 5 " L ) 261
$8.1.00,PP.6 5 2 " ko
$8.101,PB.7 5 2 ) 13
$5.1.02,PR.8 5 2 " 36
£S.103,PB. 1k 5 2 " 32

88 = Samplecs of slates, shales and 6 limestone horizons collected by
Miss J. Robinson from Croyde Bay.

5C. 2a k xilograms 0 kilograms )
5C. 2b Lo o ]
5B.5 L " 0 " _
5B.L 3 " 0 " )
SB.3 N " 0 " )
S Brad 5 " 0 " ]
5 (West) 5 0 " _

Samples of slates and shales collected by Miss J. Robinson from several
inland exposures, north of the Taw estuary.
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FIGURE 31

STRATIGRAPHIC RANGES OF THE SPECIES AND SUBSPECIES

OF THE GENUS SPATHOGNATHODUS IN THE UPPER BAGGY

AND THE PILTON BEDS

]
C
(o}
——] > |
T IS}
%)) & S{
‘ 3
B > - ;
I
c
= N A®] il
= et «? C
© (U:3 N
w < ) S T T
= > P o Sl
b j( 8 (@] + ——i
| & T Z N
i ©
m = e) . _
ol c i il vl
V)] -
o9 3
i 7{) ‘E;'
P o S
| ' 3 )
i Q U
@ ©
» . :
! C Wl )}
| O
| O
| .:’
Z | o
vA Al
| )
e | =
i @
I "
3
- N
QO
.
+
- n
)
a
j
I
‘ i
1 BAGGY i
L BEDS !
|



FIGURE 32
STRATIGRAPHIC RANGES OF THE SPECIES AND_ SUBSPECIES

OF THE GENUS POLYGNATHUS IN THE UPPER BAGGY

AND THE PILTON BEDS
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CORRFLATION OF THE UPPEP BAGEY AND PILTON BEDS

T OTHER AREAS OF THE WORL

o

A= has heea mentioned in earlier chapters, the Pilton Beds have been

.\
o
\O
N0
[

N
ot
@]
o

e of Devonian age in thelr lower part nnd

a

:sged by Goldring (L
Carbonifercus age in thelr upper part. Goldring studied the brachiopod,
trilobite and gonistite faunas of the Paggy and Pilton Beds, establishing
three loecal Taunal divisiconsz, A, B & C, the lowest of which, A, can be

further subdivided inbo three subdivisions. he Devonian - Carboniferous

houndary occurs at the junction of Beds A & B, but, the junction of the

J

Lower and Upper iithologleal divisions of the Pilton Beds falls within the

A3 faunal divicion (see Figure 24).

The conodont Taunss of the Baggy and Pilton Beds are relatively
poorly precerved and one less continuous stratigraphically than the

macrofaunse utilised by Goldring, by virtue of the Ffact that they may be
recovered only from sporadiczlly occurring, crinoidal limestone bands.
Nevertheleszs, the conOdoﬁts serve to verify the conclusions and results
of Goldring, particularly in the Lower Pilton Beds where they are most

abundant.

Tor ease of description, the conodont faunas of the Upper Baggy and
the Pilton Beds can be considered in two separate groups according to

their geographic localities. The first group includes the faunas located

at Croyde Bay, where the Baggy and Lower Pilton Beds outcrop, and local



FIGURE 34
THE LITHOLOGICAL AND LOCAL FAUNAL DIVISIONS
OF THE PILTON BEDS AND THEIR CORRELATION
WITH THE STANDARD _AMMONOID CHRONOLOGY.
(after Goldring 1956 with modern amendments)
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faunal divisions AL, A2 and lower A3 are found. The second group includeg
the feunae located ab Fremington Fill, where the Upper Pilton Beds outcrop

and local frunal divisions upper A, B and C are located.

In general =zpect the concdont faunas recovered from the Croyde Ray
section sre clearly Upper Devonian. Prominent members of the fauna are

spathognathodide typical of the Bpathognathodus costatus Zone, established

in the Cerman type section

representatives of the geners

Teriodus and Pelekysgnathus, which suggest a Devornian and Upper Devonian

age respechtively, and psevudopolygnsthids typical of Upper Devonian and/or
Lower Carboniferous rocks elsewhere in Britain, Europe and North Americs.
However, in detail the age determination of these beds is a little more

perplexing. The absence of representatives of the genus Paimatolepis fro

this Upper Devonian seguence suggesbs elther a very late Devonian age,

younger than the last occurrence of Palmatolepis within the Upper costatus

Sttt vt

Zone of Germany, or a RBaggy and Pilton Bed facies that was not conducive

ad
RRCIS N

to palmatolepid elements, indicating that Palmatolepis is facies controlle

(Many areas of the world exhibit youngest Upper Devonian faunas in which

The discovery of Palmetolepis in Lower Carboniferous rocks of Fac

5

Cornwall by Matthews (1969a), supports one or other of these interpretations
depending on whether or not these palmatolepids are indigenous or reworked.
If they are reworked (as was suggested for the palmatolepids recovered by

Voges (1959) from the Scaliognathus anchoralis in Cermany), then

Palmatolepis does not range from the Devonian through to the Carboniferous

and thus the poscibility that the Baggy and Lower Pilton RBeds are of

~3

Upper costatus Zone 2ge, after the last occurrence of Palmatolepis, is

sbill valid. However, LI they are indigenouc to the Lower Carboniferous,



absence of Palmatolenis from the Baggy

.

scies was inhosplitable,

n 1969, Ziegler announced the recopnition of the Profognathodus

kockeli Zone. which ocours in the Hangenberg Schiefer, immediately above
Upper Devonian age. No forms
Protognathocus have been recorded from the Baggy and Lower

latter are either younger or older

status 12 not represented in the

It becomes extinet at the top of the

and Lower Pilton Beds must, therefore,

kockell Zone. This conclusion is

0

tate of knowledge indicates that
rrence and its absence from any section

riation. Ziegler's designation of the

age of the P. Xockeli Zone as Upper Devonian i3 based on the occurrence,

in this Zorne, of the goniatite genera Prionoceras (Imitoceras) carinatum

<

and Prinonoceras {(Imitoceras) prorsum DYOrSum.

The species of the genus Spathognathodus from the Baggy and Lower
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ntical to those which characterise the German costatus

Zone, Specimens of $. aculeatus, S. bischoffi (§. costatus costatus),

and 8. zeipleri (9. costatus spinulicostatus) have been recovered although

no specimens of S. costatus ultimus have been found. The latter subspecies

i)

is Qiapgnostic of the Upper costatus Zone.  Other conodont elements that
are common to both the costatus Zone and the Baggy and Lower Pilton Beds

are:- Pseudopolygnathus dentilineata, Polygrathus communis, Polygnathus cf.

P. nodomarginatus and Spathognathodus strigosus.

Further evidence in szupport of the assignment of a late Upper Devonian
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hese Croyde Bay Beds. 1z the influx of polygnathids, similar to
those more characteristic of Lower Avonian faunas, in the upper portion

-

of the Lower Pilton zecuence. They occur side by side with spathognathodids

~f the rostatus group and therefore the fauna must still be congidered as

Upper Devenilan, but the rresence of these polygnabthlids indicates
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roxinity to the Lewer Carbonifercus and confirms the lat
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azoe of this otrata.

)

Thue twe interpretations remain open for consideration with regard to
the precise age of the Paggy and Lower Pilton Beds. (1) That they are

eguivalert to the uppermost part of the Upper costatus Zone, after the last

nccurrence of Pelmatclepis and before the firet occurrence of Protognathodus,
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lent to all or part of the costatus Zone, and that

+the absence of Palmatolepis can be explained by facies variati

e

on.

At present it is impossible Lo say which interpretation is correct, but

certainly these Croye Bay Beds must be of costatus Zone age. If the first

interpretation is accepted then S. costatus ultimus should be present in the

fauna, and Protognathodus might be expected to occur in younger Pilton Beds.

Spathognathodids generally maKe up no more than 20-25% of any given sample,

and their average percent a abundance is only & ”%. It may therefore be that

the absence of §. costatus ultimus is a result of insufficient recovery and/or
inadequacy of fossilifercus samples.  Other explanations for the absence of
this subspecies are facles variation, geographic provincialiem and homeomorphic
eplacerent and substitution.  Both facles variation and geographic
provincialism are possibilities but not probabilites, as all other
representatives of the S. costatus group had an apparently ubicuitous

stribution in the Upper Devonian and there 1s no evidence to sugpgest that

S, cogtatus ultimus was an exception. Homeomorphic replacement may have been
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for the absence of 8. cogtatus vltimus in the Pilton Beds, in

that sgpathognathodids refered to as Spathognathodus transitional and

S. zeiglerd in this study, are morphologlcally very similar to 8. costatus

ultimas and ] 1y served the same functilonzl purpose as this element,

4

causing ito develcoment To be unnecessary.

The abrenee of Protognathodus may be explained in one of two way:,

ocke between the Croyde Ray

and the Fremington Pill sections, or (b) that this genus was facle

controlled, or perhaps Seogry aphlcally provincial, and found the North Devon

area unfavourable.

If the second interpretation is accepted, the absence of S, costatus

Job Wil z LSO

ultimus would require no explanation, as the Bagzy and Lower Pilton Beds

could be older than the first occurrence of this subspecies. However, the

oceurrence of polysnathids of Lower Avonian azpect in thisz part of the Lower

™

Pilton Beds suggests that these beds at least are of late costatus Zone o,
By regarding them = ecquivalent to the uppermost Upper costatus Zone, then

the absence of £. costatus ulbtimus and Protopnathodus must again be accounted

for, This second interpretation is based on the premise that the absence

of Palmatolepis can be explained by facles variation, but all the possibilities

reviewed above for the absence of S. costatus ultimus can be advanced for the

abgenca of Palmatolepis. Nevertheless, present evidence from other areas of

the world indicate that Palmatolepis is susceptible to facies variation and

thus this explanation is probably the best for the absence of this genus in

Horth Devonshire.

There 1z evidence to suggest that this North Devon faunn was facien
controlled, however, regardless of which of the two possible interpretations

i1s correct, both point to a fairly late costatus Zone age for the Upper



Bagey and the Lower Pllton Beds.

-

Goldring (1956) correlated the Lower Pilton Beds with the Wocklumeria
Stufe, and suggested that the upper portion of the Baggy Beds were of

Clyvmenia Stufz2 age (see

igure 34). The oresent author does not consider
the Upper Baggy Rede to be appreciably older than the succeeding Lower

Pilton Beds, and would cuggest a Wocklumeria rather than a Clymenia age

for the former, based on the correlation of conodont zones with goniatite
Stufen in the standard German segquence. However, the macrofaunas collected
by Goldring (1956), and the microfaunas collected in this study, from the

Upper Baggy Beds, were both relatively meagre and any interpretation based

on these favnas must be somewhat tentative.

The conodont faunas gained from the Fremington Pill section provide
only inconclusive evidence with regard to the age of these rocks. The
faunas are small and no diagnostic forms have been found to suggest
either an Upper Devonian or Lower Carboniferous age. Three horizons, at
the base of Coldring's Upper Pilton faunal division B, have yielded conodonts,
and inferences as to the age of these horizons can be based only on rather

negative evidence,

The fauna is dominated by Polygnathus communis communis and two or

three specles of larger polygnathids identical to those found in the upper

portion of the Lower Pilton Beds, namely, P. lacinatus lacinatus, P. cf.

P. lacinatus, and P. inornatus. Another prominent feature of the fauna is
the presence of numberous bars and blades, of a very delicate nature, less
robust than the same species in the Lower Pilton Beds, From these
discoveries alone no objective conclusions can be drawn. However, the
absence of spathognathodids of the 'costatus' group, except for one dubious

specimen, and the absence of any other diagnostic Devonian forms, suggests
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that these rocks are younger than the Lower Pilton Reds.
honodellids, patrognathids, or clydagnathids, indicative of
heen recovered from these faunas. A
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I this sub-species ha
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Sir
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by Vozes (1659) in the Gatiendorfia
Sauerlandes. It ranges from the upper portion of the kockeli-dentilineatn
Zone to the top of the Siphonodella - triangula triangula Zone In Germany.
Ir the Hangenberg Kalk it is found associated with Polygnathus communis and
P. pura subplana, in addition to Gnathodus kockell, Pseudopolygnathus
dentilineata, Pseudopolygnathus triangula triangula and representativer of
Siphonodella, Most of these associated forms are absent from
and although the cccurrence of one specimen of
t is the conly positive indication of
a
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valid it suggests
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.5 but scant evidence,
Beds B, which confirms

If this interpretation is

It

e of these beds.

S

pura pura
(cul) age for the Upper Piiton

he =
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Gattendorfia Stufe

'Su.x
rturately, no productive horizons were located within that part of
ecquence between the uppermost Croyde Bay and the lowermost

estimation of the age of these beds (see Figure 34).

Goldring's

Unfo

, . s
Fremington strata, nor within the Pilton Beds C at Fremington.
subspecies identified from
b

The ranges of all the conodont species and
the Upper Bagey and the Pilton Beds, together with the Conodont Assemblage

rected on the basis of the distridbution of the faunal elements, are

o

zones

shown in Figure 35.

A cingle conodont specimen has been found in the rocks which outerop
The specimen is very poorly preserved in that it

in the Bampton section,
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la partislly brokern and the basal cavity is infilled with sedimentary
material. Nevertheless, the conodont can be identified as an icriodid
although no specific designation in possibple, If the conodont is

indigenous t0 these rocks, and not reworked, then this indicates an

Upper Deveonian age for the rocks of thils cection. However, the possibility
that this specimen has been reworked cannot be ruled out.  Goldring

(personal communicstion) has suggested a younger age for this outcrop, but

ne ohregsed that this was merely a suggestion based on the litholog

Sy 8

and

Three Conodont Assemblage Zones, one of which car be divided into two

Subzones, have been erected on the vasis of the stratigraphic distributicn
of the faunas recovered from the Baggy and Pilton Beds. The Zones were

established for the Croyde Bay

o)

nd Fremingbon outcrops, and although they
may have local application within the North Deven area, as do the faunal
divisions of Goldring (1956), lack of additicral exposures of conodont
bearing strata hac made it impossible to test thelr regional validity.

The Zones erected are shown in Figure 36, where they are correlated with

the faunsl divisions of Goldring.

The oldest Zone (Zone I) is characterised by an asbundance of

Spathognathodus aculeatus aculeatus, S. aculeatus nodosus and S. aculeatus

plumulus. No representatives of the genus Icriodus, or of the species
S. bischoffi have been found in this Zone. Other elements present are

3. anteposicornis, 8. strigosus, Polygnathus communiz and Pelekysgnathus

croydeus sp. nov. The Zone is correlated with the first two hundred feet

of Goldring's Pilton Beds faunal division AT, immediately below the

arbitrarily dofined voundary between the Baggy and Pilton Reds. The

boundery itself forms the upper limit of Zone I.
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e 2, the Spathognathodus blschoifl Assemblage Zone, has o lower limil

which is marked by the {irst occurrence of the species which gives the Zcene
its name. The vpper zonal boundary 15 taXen at the last productive horizon

ir the Croyde Bay cection, which is located approximately 1,410 feet above

the bourdary betweeon the Baggy and Pilton Beds. Two Subzones can be
ldentified within this Zone, the Icriodus Subzone and the Polygnathus 3Subzon:-.

The lower limit ot the Ieriodus Subzone coincides with the lower limif of

thae 8. bischoffi Tone and is marked by the filrst cccurrence of 5. bischoll

and. Leriodus. The upper Llimit of this Subzone is marked by the extinction

of icriodids and the first appearance of polygnathlid species other than

nd in this Subzone are Pgeudopolyonathuc

aculeatus, 8. aculestus plumulusn,

'<

tus nodosus, 8. anteposicornis, Spathognathodus (transitional)oetunen

{tn
av)
o
o
}‘;
D
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S. bischoffi and S. zeigleri), S. strigosus, Polygnathus communis and

Pelekysgnathus croydeus sp. nov. This Subzcne 1s correlated with the first

205-300 feet of Pilton Beds AI immediately above the Baggy - Pilton boundary.

The younger Subzone of the S. bischoffi Zone is the Polygnathus Subzone,
and is less clearly defined than the underlying Subzone. The lower limit
colncides with the first appearance of polygnathids other than P. .communis

group; these include P. lacinatus lacinatus, P. cf, P. lacinatus and P. cf.

P. nodomarginatus. This point also marks the extirnction of ilecriodids in the

Pilton Bed surceccion. Conodonts present in this Subzone, in addition to

those mentioned above, include Polygnathus communis communis, Pelekysgnathus

communis, Spathognathodus (transitional), S. aculeatus aculeatus, S. aculeatus

plumilus and Pseudopolygrathus dentilineata, This Subzone is correlat=d

the upper 175 feet of Goldring's Piltor Beds AI, the total thickness of

A2, and approximately the lower 85 feet of A3.



Zone 3 1z tentatively suggested to include the conodont bearing

Fremington Pill strata which occupy the lower U0 feet of the southern

's Upper Pilton Reds R faunal division. There is

1

outcrop of Goldring

only meagre evidence for the erection of this Zone, owing to the absence

3 egr > ?

of both diagnositc Devonian and Carboniferous elements other than a single
of Polvgnzthus pura pura.  The zonal boundaries are limited by

~F +he oldest and youngest productive samples in the
Tremington Pill section. Other conodont cpecies found in this Zone,

in additicn to P. vura pura, =re 2. lacinatus lacinatus, P. inornatus and

As haz been shown with the Cerman type section, a comparison of the

ilton Beds with those of European sections o
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2 comparable age is strikingly close, and nowhere are the North Devon

faunas metched more closely than at Huy in Belgium,

Bouckaert and Ziegler (1965) collected small faunas from a section at
Huy, Belgium which indicated a costatus Zone age. They claimed that a
more precise age debermination could not be derived from the Huy conodonts,
and thus they correlated this section with fhe vpper vart of the

Clymenia Stufe and/or port of the Wocklumeris Stufe, Bouckaert and

Ziegler recorded specimens of Spathognathedus costatus spinulicostatus

(Spathognathodus zeigleri), S. costatus costatus (8. bischoffi), S. aculeatus,

w

Pseudopolygrathus dentilineata, and a new genus. All these elements arc

“ound in the Tower Pilton Beds including a species of Ieriodus (Icriodus sp.nov.)

which is similar to the new genus described by Bouckaert and Ziegler. The
Huy fauna as a whole bears a closer resemblance to that of the older portion
A the Tower Pilton Beds (the Icriodus Subzone of the . bischoffi Zone)

than any other investigated. If the two faunas could be correlated this



would imply that the Huy fauna was equivalent to the upper part of the

Wocklumeria Stufe, rather than the Clymenia Stufe or any other part of

the Wocklumeria Stufe. Conil (196h4) studied the foraminifera of this
. .. ’

section and ascigned it a Tnla a2ge (Lower Tournasian - Lower Etroeungt

and Comblain-au-Pont Beds).

Correlation of the Paggy and Pilton Beds fauna with faunas from
North America is difficult, as there are few elements which are common
to both sectlons. In most outcrops of this age in North America,

Pelmatolepis occurs in the Upper Devonian and Siphonodells in the Lower

Mississippian. There are no Ffaunas such as those exhibited by the
Upper Baggy and the Pilton Beds. However, in the Mississippi Valley,
two Zones at the Devonian - Carboniferous boundary bear some elements

istic of the North Devon beds, although there are

jav]
@]
ot
D
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which are chars
many important differences also., If a correlation were attempted, the
Upper Baggy and Pilton Beds would be tentatively ecuated with all or part
of the Conodont Zones of the Middle and Upper Saverton and its lateral

equivalent the Louisiana Limestone Formation (Upper tovI). The

Spathognathodus aculeatus Assemblage Zone 1s confined to the Middle

Saverton, and the Gnathodus new sp. A. Assemblage Zone to the Upper Saverton
and Loulsiana Formation. Figure 37 shows the suggested correlation of
the Baggy and Pilton Beds with sections in Europe and North America, on the

basis of concdonts.

Goldring (1956) correlated the Baggy and Pilton RBeds of North Devon
with several other localities in Western Furope. His correlation table
shows a comparison of time-equivalence between the North Devon area, the
Velbert region of Germany, the Sauerland region of Germany, North France,

Belgium and Aachén and the Bristol and South Wales area.



FIGURE 37

CORRELATION OF THE BAGGY AND PILTON BEDS WITH SECTIONS IN. NORTH AMERICA AND '‘EUROPE,

ON IHE BASIS OF CQNOPONTS.
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concluded that the Pilton Beds A can be equated with the
Btroeungt Bedaz of Velbert, Germany, although the correlation of the bases

of these two grouprs of beds was only tentative. The éfroeungt Beds of
Germany were sutdivided by Paul (1937) into +three faunal divisionsx ,B, and
5. The oldest &, divislon is correlated with the Wocklumeria Limestone of
Saueriand, CGermary, while the two younger divisions can be eguated with the

Hangenberg Slates. Thus according to Goldring, the Pilton Beds A are

,A
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equivalent to the Wocklume ne and overlying Hangenberg Slaten of

T
- / .
Szuerland and 2luc to the Etroeungt Beds of France and their latersl

\

eguivalents, the Comblain-au-Pont Beds of Aachen and Dinant.

nta, the i

Tf this correlstion is correct then the Baggy Beds of North Devoer may

/
Sandstone which underlies the BEtroeungt and Comblain-su-Pont Bede of

o+

Relgium, France and Aachen. There 18 a close Llithological similarity
between the Condroz Sandstone and the Baggy Beds, although Goldring states

that the fauna of the Baggy Beds is too meagre and poorly preserved to

permit any direct correlation with any of its postulated equivalents in

=1

Lrope.

The Pilton Beds B display disinct faunal similarities with both the
Tournasian Limestone of Germany, which is equivalent in part to the
Hangenberg Limestone of Sauerland, and to the Hastiére Limestone of Belgium

and TIrance.

Thus correlation of the Baggy and Pilton Beds with many of the
European sections is not overly difficult, but by contrast correlation of

these North Devon beds with the Avonian type section and other outcrops in
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Wale=z is more complex,

rawn by Goldring.
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The proolem iies in attempting to cquate the

T the 'Konlenkalk' facies with the cephalopod

LI/l

dring concluded that the Zone of the Avonian

th the Wocklumeris Zone and thus with the Pilton

However, the presence of Liobolina in KI Zorie

2% leg

n

% with part of the Gattendorfia

N

out
25 of Pembrokeshire,

2un

3, which suggescts a

/
han the Etroeungt.

3

es are precbably better

.

B

ds A than the Beggy Beds. Goldring,therefore,
with part of the 0ld Red Sandstone of areac to
Bristol Channel, and the Pilton Beds B with the

its of K age (see Figure 38).

conodont faunas of the Baggy and Pilton Beds substantiate

The Upper Baggy and Lower Pilton Beds

can be compared with the upper or uppermost Wocklumeria Zone of the Devonian

type section in Germany.

In terms of Concdont Assemblage Zones erected

oy Ziegler (1962) for this type section, these North Devon sediments can

probably best be cquated with the Upper costatus Zone (Upper toVI).

The Upper Pilton Beds may be correlated only provisionally with part of

the Cul Zeone of the Hangenberg Kalk. The paucity of the faunas recovered

<
)

from these beds allows no more precision than thi
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CHAPTER &

VAIUE OF CONODONTD IN THE RECOGNITION OF THE DEVONIAN-CARBONIFEROUS

ROUNDARY, WITH PARTICULAR REFERENCE TO GREAT BRITAIN

The typeseript »1 a publication bearing the came title as that of this
chapter is included in Appendix I of this thesis, The paper, written by

Loistin, Druce, Rnondes and Williams, was read at the International Carboniferous

Congress at Sheffield in 1967, and was published in 197C.

Tneluded in the first half of this work is a brief history of the placement
of the Devonian-Carboniferous boundary and a discussion of the vroblems in
correlation between the cephalopod-bearing rocks of Devon and Cornwall and the
coral-brachiopod carbonate facies of the type section for the British Lower
Carvoniferous. In 2ddition, the difficulties in correlation of the British,
Belgian and German Lower Carboniferous type sections are reviewed, as are the
lithological criteria for the recognition of the Zower Carboniferous in Western

Europe

£

The latter half of the paper is devoted to an evaluation of microfossile
and in particular conodonts, in the recognition of the Devonian -~ Carboniferous
boundary. It outlines the advantages of using conodonts as zonal tools, and
describer a number of significant faunas from North America, Australia, Europe
and Great Britain, where it is now possible to recognise an almost ubiquitous

sequence of Upper Devonian-Lower Carboniferous Conodont Assemblage Zones.

Since 1967, continuing studies have brought to light new evidence which
allows refinement of that part of the text which describes the conodonts

recovered from the Bagegy and Pilton Beds of North Devon. Specimens of the
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genus Icriodus and of the spathognathodid specles S. bischoffi and S. zeigleri

(inclu&ing transitional forms between these two species) have been recovered

from the Lower Pilton Bede. However, no representatives of Palmatolepis have

been found in theze beds, nor in the Upper Baggy Beds. Pseudopolygnathus

13

¢

dentilineata is an abundant. faunal component, and in the upper part of the

lower Pilton Beds, polygnathids, similar in character to those of the lower

Avonian faunas, be faunal memvers.
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The abszence of zuch diagnostic Carboniferous elements as Patrognathus and

Clydagnathus, and the presence of S. costatus group forms, indicates that the

Lower Pilton Reds muct be regarded as Devonian.

No additional specimens of the reported new genus (similar to that
figured by Bouckart and Ziegler (1965, pl.5, figs.9-11)) were recovered, and

hence no definitive assumptions regarding an Icriodus-Pseudopolygnathus

transition can be made. However, very recently, a fauna from the base of

Tn 1b in Belgium has chown such a transition (Austin, personal communication).

Seversl publications on this general topic of conodonts and the Devorian -

boniferous boundary have appeared in the past two years, two of which deserve

Conil, Pirlet & Lys (1967) described the biostratigraphy of the Dinantian
of Belgium. They showed the distribution of species of six individual fossil
groups (cephalopods, corals, brachiopods, spores, conodonts and foraminifera)
in the uppermost Devonian and the Dinantian of this country. Their collections
were made from four localities to the south and southwest of Liege, namely
Dinant, Comblain, Modave and Dolhain. Plate 1 of their publication is a chart
summarising the findings of these authors, and part of this chart, recording
the faunal distribution in the immediate vicinity of the Devonian - Carboniferous

boundary, has been reprcduced in Figure 30,
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VONIAN-CARBONIFEROUS BOUNDARY
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On the evidence of goniatites and spores, the boundary in Belgium is
probably best taken to be the base of Tnlbs . However, on'the basis of
conodonts the boundary would be most conveniently located at the first

occurrence of Siphonodella, at the base cf TnlbB. Recent work indicates

that the

renge of Sivhonodells in Belgium may be different

Lo that shown jn Tlgure 20,

, et ; f
Royer., Krylatov, Tevre and Stoppel (1268) described conodonts from

the Upvner Deovoniarn and the Deveonian - Carboniferous boundary of the Rlack

Mountains of France, where there ig an uninterruvted {tronsition in a
carbonsfe seouence, from one system to the other, The conodont assemilapge

ZONCS rocoosl oad Ny thecs uthors are illustrated in flp;.il-.‘ ve.19 and in
Zones rocognlsed 2y uvhaece a & s YEeLly

and they compare closely with those of the
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Gerus ANGULODUS? Huddle, 1934
(Fig.h0)

1934 Angulodus Huddle, p.76.

Type species. Anpulodus walrathl (Hivbard, 1927)

Diegnosic
.

Laterally compreszed, arched blade with a large basal cavity occupying thne

\\

mid-third of the unit. The cavity bears lips.  The denticles of the mid-third
are small, of uniform height, and are bounded anteriorly and posteriorly by
larger denticles, Beyond the larger denticles developed on the anterior blade,
smaller, partislly fused denticles occur, and beyond those on the posterior blade,

smaller discrete denticles are developed.

Description,

Orally the unit is straight or the posterior and anterior blades are curved
gently inward. Laterally the mid-third of the conodont is straight but the
anterior and posterior thirds are deflected downward at angles of between 30 - 45°

from the horigzontal. This gives the form an arched outline.

The anterior third of this conodont bears 6-8 denticles, the first 3-5
denticles Trom the anterior end =2re small and partially fused, only their tips
being discrete. The Tollowing three denticles are extremely large and curved
slightly toward the posterior. These denticles are also discrete only at their

tips.
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The mid-third oU the tlade consists of 6-8 denticles, all of which are small

and almost entirely fused., These denticles all abttain approximately equal height.

The veginning of the posterior third is marked by 2 or 3 large denticles,

-

While the rest of th': froction of the conodont bears 3 or 4 slightly smaller

buv strong discrete dentlolen.

Anorelly there 1o o falrly large basal cavity, which is locabted in the cerntral

third of the unit. The cavity bears Lips and is tapered anteriorly and
Pozteriorly: it 4o bilaterally symmetrical. Keelcs are present =t the anterior
and vosterior ende of the unit, thelr length being dependent on the lonsitudinal

o~

exfencion of the cavity »nd its 1ip:o.

Remarks.
These forms do not compare exactly with the description of Angulodus Huddle.
They appear to pozsess some characteristics of this genus and some of the genu:

Falcodus. Angulodus and Falcodus are closely related, 1f not synonymous, and

an intermediate form such as this would tend to lend weight to this consideration.

The figured specimens of this genus are represented by a single species.

Material studied. 3 cspecimens
Occurrence. PR.2 - PB.L

Catalogue numbers of the figured specimens. JW.239 - JW.2k1
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Genus BRYANTODUS? Bassler, 1925
(PL.13, figs. 1lka,b.)
(Text fig.hl)

1925 Bryantodus Bassler, p.219
1926 Bryantodus Ulrich & Bassler, p.cl.
Type species. Bryartodus typicus Ulrich & Bassler, 1926.

A blade or bar-like genus which has a basal caﬁity (which may display lips)
in the mid third of the unit, a centrally located main cusp, (which is considerably
larger than the other denticles of the blade) immediately above the cavity, and
an approximately equal number of denticles on the anterior and posterior portions
of the blade. This genus resembles Ozarkodina but is distinguished by a
triangular outline to the blade or bar in transverse section, the oral side
being broad and the aboral side sharp-cdged. — There is alzo a tendency for the

main cusp to develop a short downward projection which is not a feature of

Ozarkodina.

A single broken specimen of this genus was recovered from the Lower Pilton

Beds.
Material studied. T specimen
Occurrence. PR.25

Catalogue numbers of the figured specimen. JW. 250
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Cenus FALCODUS Huddle, 1934
(P1. 13, figs. ba,b.)
PN

1934 Falcodus Huddle, .27
Iype species. Falecdus angulatus Huddle, 1934

One partially broken specimen nag been assigned to this genus, which 15
characterised by a posterior bar which exhibits a marked downward deflection
through an angle of abour 90°.  The denticles of the bar at the point of
deflection are commonly larger than those immediately adjacent. The bagal
cavity is extremely emall and there is no distinct main cusp developed above

it. The shorter anterior bar usually bears one or two very large denticles.

The unit is leterally compressed and has a distinctive outline.

Material studied. T specimen
Occurrence. 7.6
Catalogue number of the figured specimen. JW. 27

Genus HIBBARDELLA Bassler, 1925
(Fig.h3)

1925 Hibbardella Bassler, p.219

1926 Hibbardella Ulrich and Bassler, p.37
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Type Species. Prioniodus angulatus Hinde, 1879

The genus Hibbardella was established by Ulrich and Bassler (1926) for
a group of arched, blade-like conodonts which bore a very large apical denticle,
The denticles of the anterior arch were discrete, slightly curved inward and
usually few in number. These authors did not mention the groove-like nature
of the basal cavity nor the development of the posterior, denticulated bar,

but later work revealed these Teatures as further characters of the genus.
3

Rhodes, Austin and Druce (1969) argued that various authors had erected
several new genera which differed in only minor morphological respects from

the penus Hibbardella. These included Roundyz Hass (1953), Ellisonia Muller

(195€) and possibly Diplododella Bassler (1925).  The solution proposed by

Rhodes et al (1969) for this situation was to divide the genus Hibbardella
into three subgenera;-

(2) Hibbardella (Hibbardella)

(b) Hivbardella (Roundya)

(¢) Hibbardella (Hassognathus)

These three forms can be distinguished by the nature of the basal cavity
and gpical denticle.

(2) Hivbardella (Hibbardella) is characterised by an apical denticle which

1s compressed antero-posteriorly, the lateral edges being sharp, and by a’
small basal cavity which is restricted to the aboral surface of the apical
denticle. However, aboral grooves are present on the anterior and posterior
bars,

(b) Hibbardella (Roundya) is characterised by a large basal cavity and the whole

aboral surface of the apical denticle is hollowed out. The apical denticle

itself is sub-circular in cross-section in its lower half, becoming compressed
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(¢c) Hivbardella (Hassognathus) is characterised by a conspicuous basal cavity

which is largely developed below the posterior bar, although it is also present
below the apical denticle which is sub-circuiar in cross-section, and

unornamanted.

Hihbardells (Hibbardella) cf. H. microdentata Thomas, 19hy

(p1.12, figs.la-lc,3,4a-ke,62-Tb)
1949 Hivbardells macrodentats Thomas; Dp.422, pl.h, fig.25.
1949 Hibbardella (Eibbardella) cf. H. macrodentata Thomas: Rhodes, Austin &
Druce; p.Lll5, pl.25, figse.lba=-13c.
1969 Hibbardells (Hibbardella) cf. H. macrodentata Thomas: Druce; p. 6k,
pl.9, Tigs.lha-6.
Desgcription.
The anterior arch is symmetrical, compressed laterally and bears a keel
on its aboral surface. The oral surface of the arch exhibits 5 to 7 strong,

discrete, peg-like denticles on either side of the apical denticle. These
denticles are slightly inclined posteriorly and are sub-circular in crosse-

3ection.

The apical denticle is tall, posteriorly inclined and also sub-circular
in cross-section. The posterior bar 1s strongly developed, subcircular in
cross-section and bears small, discrete, peg-like denticles, but in all the

Tipured specimens the posterior bar is broken.

The basal cavity is small, sub-rounded and occurs directly beneath the

apical denticle.



One specimen (P1.12, fig.7a-b) possesces an anterior arch typical of

H. macrodentata except that it bears no obvious apical denticle. This

may possibly be interpreted as a pathological variant of H. macrodentata.

Material studied. 3 specimens
Occurrence. PR.2 - F.8
Catalogue rumbecr of the figured szpecimens. Jw.eek, Jw.226, Jw.228, Jw.ero,

Hibbardella (Hibbardella) sp.

(pL.12, fig.5a~b)

Description.
s e S et s e

These are small elements with a symmetrical enterior arch which is laterally
compressed. The angle between the two limbs of the arch varies between 45° to
600, and each limb bears 5 to 7 small but discrete denticles on its oral surface.
The posterior bar is laterally compressed and bears very small, closely set
denticles at its anterior end, the rest of the bar being broken off in the two

Specimens recovered.

The apical denticle is sub-oval in cross section, two to three times the
size of the largest arch denticle, and surmounts a tiny aboral cavity from

which short keels radiate along the anterior arch and posterior bar.

Remarks.
e e —
Only two specimens of this type were recovered from the Pilton section and

both were incomplete.
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Material studied. ? specimens
Occurrence. PB.35
"-—q_,.“——._

Catalogue number of the fipured specimen. JW. 227




Cenus HINDEODELLA Bassler, 1925

(Fig. i)
1925 Hindeodella Bassler, p.219
1926 Hindeodella Ulrich & Bassler, p.38
Type species. lindeodella subtilis Ulrich & Bassler, 1926

This genus is a member of the subfamily Hindecdellinae Hass 1959, which
ic characterised by the presence of a distinct main cusp, which usually
separates a long posterior bzr or blade from a shorter anterior bar or blade,
Ulrich and Bassler (1926) erected this genus for those long, stralght, bar-like
conodonts which bore up to 10 small denticles on the anterior bar and numerous
small denticles, which often alternate in size, on the posterior bar.  The
main cusp was larger and stronger than the other bar denticles.  The basal
cavity, although not described by Ulrich and Bassler, is small, often occurring

as a narrow groove on the aboral surface. The anterior bar was commonly curved

in oral view.

Numerous fragments of bars and blades were found throughout the Baggy and
Pilton sequence, and although many could be identified as belonging to this

genus, specific identification was impossible.

Hindeodella subtilis Ulrich & Bassler, 1926

(p1.12, figs.8a-c, lOa-c, lha-c)

1926 Hindeodella subtilis Ulrich & Bassler; p.39, pl.8, figs.l7-19.
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subtilis Ulrich & Bassler: Cooper; p.l47, pl.20, fig.Q.

Hindeodella

pumilla Cooper; p.236, pl.28, fig.18.

Hindeodella

subtilita Cooper; p.236, pl.28, fig.l7.

Hindeocdella

delicatula Branson & Mehl; p.280, pl.22, fig.30.

Hindeodella

alternidens Huddle; p.hl, pl.5, fig.13(non P1.5,

Hindeodella

Tig.1l2 = Hindeodella sp.).

snculus Huddle; .44, pl.5, fig.1i5.

Hindeodella

erandis Huddle; p.4l, pl.k, fig.22,

Hindeodella

laticlavis Huddle; Dp.43, pl.5, figs.9,10.

YinGdeodells

delicatula Branson & Mehl: Branson & Mehl; pl.33,

Hindeodella

fig.3k.

subtilis Ulrich & Bassler: Cooper & Sloss; p.170,

Hindeodella

pl.28, figs.22,32,33.

atteridens Huddle: Cooper & Sloss; p.170, pl.28,

Hindeodella

fig.23.

petila Cooper: Cooper & Sloss; p.l70, pl.28, figs.26,35.

Hindeodella

deflecta Hibbard: Cooper & Sloss; Dp.170, pl.28, figs.27,

Hindeodella

3k4.

germana Holmes: Cooper & Sloss; p.170, pl.28, fig.28.

Hindeodella

grandis Huddle: Cooper & Sloss; p.170, pl.28,

Hindeodella

figs.31,37,30.

laticlavis Huddle: Cooper & Sloss; p.170, pl.28, fig.38.

Hindeodella

germana Holmes: Sannemann; p.130, pl.2, fig.hs.

Hindeodella

deflecta Hibbard: Sannemsann; p.129, pl.5, fig.8.

Hindeodella

deflecta Hibbard: Helms; pl.L ) fig, 32, pl.1, fig.17.

Hindeodella

germana Holmes: Zimmermann; pl.1l, fig.l6.

Hindeodella

Hindeodella

Hindeodella

permana Holmes: Budurov; p,262, pi.3, fig.ll.
sp. Winder; p.91, fig.1,6,

germana Holmes: Spasov; 7p.86,87, pl.1l, fig.l10.

Hindecdella

similis Ulrich & Bassler; Spasov; p.87, pl.l, fig.ll.
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1960 Hindeodella subtilis Ulrich & Bassler: Rhodes, Austin & Druce;
p.125, pl.29, figs.6a-Tb, 9-10b.

1969 Hindeodella subtilis Ulrich & Bassler: Druce; p.69, pl.10, figs.3,kL.

Pescriptggg.

The apical denticle is tall, laterally compressed, biconvex in cross-
section and inclined posteriorly. The anterior bar is deflected laterally
through 9005 or deflected only slightly in a lateral sense. The anterior

bar is also laterally compressed, bearing 4 or 5 small denticles.

The posterior bar is thin, and often comparitively deep, bearing
nmumerous discrete denticles. There is some variety in the pattern of the
posteriorly inclined dentition of this bar, as 1t may be cyclic or the
denticles may bte of relatively uniform dimensions. Toward the posterior
end of the bar the deniticles become flat lying or Inclined at a very low

angle to the horizontal.

The basal cavity i1s small and situated beneath the apical denticle.

This group was by far the most abundant identifiable form of hindeodellid
in the Baggy Pilton Beds, occurring in all thé samples collected from Croyde
Bay and Fremington. Many of these specimens were broken, the anterior bar

or part of the poscterior bar being missing in most cases.

Material studied. 83 specimens
Occurrence. PB.1 - F.8

Cataloguc numbers of the figured specimens. JW.230, JW.232, JW.236
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Hindeodella cf. H. tenuis Clarke, 1960

(Pr.12, figs.12a-13b)

1960 Hindeodella tenuls Clarke; p.8,9, pl.1l, fig.10,11.

1969 Hindeodella tenuis Clarke: Rhodes, Austin & Druce; p.126, pl.28,
fig.27.

Description.

The posterior bar is long, straight in its anterior two thirds and
gently down-curved in its posterior third. The denticles increase in size
posteriorly and are discrete though relatively closely set along the oral
Surface of the bar. The denticles are inclined posteriorly, the degree of

inclination being greatest in the posterior third of the bar.

The apical denticle is recurved, massive and tall, its basal width being

2 to 3 times that of the largest posterior bar denticle,

The anterior bar is relatively short and only gently inflexed. The
basal cavity occurs directly beneath the apical denticle and is small and
slit-like with a prominent keel extending from it along the aboral side of the

bPosterior bar.

Remarks.
The present specimens are similar to those described by Rhodes, Austin &
Druce, except for one morphologic feature that the Pilton specimens do not

share with those described from the Dibunophyllum Zone of the Lower

Carboniferous of the North Crop of the South Wales coalfield. The Pilton
forms lack the presence of smaller denticles between each of the larger

denticles of the posterior bar.
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Material studied. 17 specimens
Occurrence. PB.1 - PB.16
Catalogue numbers of the figured specimens. JW. 234, Jw.235

Hindeodella corpulenta Branson & Mehl, 1934

(P1.12, figs.%a-c, lla-c)

193L Hindeodella corpulenta Branson & Mehl; p.281l, pl.22, figs.32,33.

1934 Metaprioniodus fractus Huddle; p.ll, figs.1l,15.

1934 Ligonodina conidens Huddle; p.63, pl.12, figs.18,19.

1938 Ligonodina angulata Branson & Mehl; p.1h42, pl.34, fig. k3.

1939 Ligonodina conidens Huddle: Cooper; DP.390, pl.45, fig. L5,

104k Ligonodina angulata Branson & Mehl: E.B. Branson; pl.39, fig.43.

? 1947 Hindeodella millerella Youngquist & Peterson; p.2hk5, pl.38, fig.1-5.

1949 Hindecdella cf. Hindeodella corpulenta Branson & Mehl: Thomas;
p.408, pl.1, fig.h.

1969 Hindeodella corvulenta Branson & Mehl: Rhodes, Austin & Druce; p.120,
pl.29, figs.l6a-17c.

1969 Hindeodella corpulenta Branson & Mehl: Druce; p.68, pl.10, figs.5-7.

Description.

The anterior lateral bar is deflected laterally through 90° and depressed
downward through 60° to 90°. It bears between 4 to 6 discrete subcircular
denticles which may be vertical, anteriorly or posteriorly inclined. These

denticles are commonly inclined posteriorly,

The apical denticle is tall, ovate at its base becoming semicircular

toward its tip. It is gently recurved and inclined posteriorly.
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The posterior bar is straight or gently bowed in lateral view, bearing
5 to 6 large, isolated, posteriorly inclined denticles which increase in size

and inclination toward the posterior end of the bar,

The basal cavity is large and expanded beneath the apical denticle and
extends approximately two thirds of the way along the aboral surface of the

posterior bar before tapering to a point.

Material studied. 38 specimens
Occurrence. PB.10 - 7.8

Catalogue numbers of the flgured specilmens. JW.231, JW.233
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Genus HINDEODINA Hass, 1959

(Fig.%5)
1959 Hindeodina Hass, p.382
Type species. Hindeodina simplaria Hass, 1959

Hass'sdiagnosis of this genus is as follows:-

"Flongate blade-like or bar-like unit; anterior bar may be flexed inward.
Main cusp aborted, indistinct, distinguished from bar denticles only through
its position above the pulp cavity. Bar denticles may be of more than one
size. Greater part of aboral side sharp edged. Lips of pulp cavity

either absent or extremely small.”

This genus is distinguished from Hindeodella and Cervicornoides by the

absence of a large, well developed main cusp. It is distinguished from

Brammehla and Coleodus by its more elongate nature, and from Bactrognathus by

the possession of a sharp-edged aboral side and only small lips to its basal

Cavity, if it has lips at all.

Hindeodina simplaria Hass, 1959
(PI. 13, figs. la-2b)

1959 Hindeodina simplaria Hass, p.382, pl.L8, fig.17

Three specimens of this species were recovered from the Lower Pilton Beds.
They compare closely with Hass's (1959, p.382) original description. Many of
the broken conodont bars and blades recovered in this study are probably
fragments of this genus, but in most cases, it is impossible to distinguish

Such fragments from broken hindeodellids.
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Material studied. 5 specimens
Occurrence. PB.21 - PB.35
Catalogue numbers of the figured specimens. JW.237 - JW.238

Genus ICRIODUS (Branson & Mehl, 193L)

(Fig. ko)
193k Icriodus Branson & Mehl, p.225 (nomen nudum)
1938 Icriodus Branson & Mehl, p.159
Type species. Icriodus expansus Branson & Mehl (1938) p.160-161, pl.2

figs. 18-21, by original designation,

Branson and Mehl's original description of this genus was as follows;
"Platform-like teeth with high sides either straight or flaring near the
lower margin, of more or less spindle-shaped or lachrymiform outline in
superior view and without a distinct anterior blade as in polygnathids.
The aboral side is deeply excavated its entire length and the oral

surface consists of two or more longtitudinal rows of low, sharp cusps.”

These authors noted that this genus seemed closely related to Gnathodus
but could be distinguished in that the aboral cavity of Gnathodus consisted
of a circular cup at the posterior end of a long blade, and the oral surface

Posterior to the blade was convex rather than platform-like.

Thomas (1949) described a new genus which he called Pelekysgnathus. He

commented that its generic relationships were doubtful but the morphology of

Of one of his specimens suggested an affinity with Icriodus, It is true that
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the genera Icriodus and Pelekysgnathus are closely related, and since 1949

opinions have varied with regard to the criteria that should be employed to
distinguish them. Klapper (1966) summarised the problems which have arisen,

and the present author proposes to follow his arguments and conclusions.

The present interpretation is that Pelekysgnathus differs from Icriodus

in possessing only one row of oral denticles. Icriodus normally has three
such rows, although forms with two rows of oral denticles have been recorded
(e.g. Voges 1959, Taf.33, fig.4d; Voges calls his two rowed forms,
Pelekysgnathus sp.A). Muller & Muller (1957) diagnosed forms with two rows
of denticles as belonging to Icriodqg, but they emphasised that such forms
were a rarity. Klapper (1966) expressed his agreement with Muller & Muller's

interpretation.

According to this interpretation, Pelekysgnathus costata Thomas 1949,

should be assigned to the genus Icriodus, because of the presence of two
lateral rows of denticles which have become fused transversely. Similarly,
Voges (1959, pl.33, fig.4h) illustrated a conodont with two rows of nodes,

which he called Pelekysgnathus sp., and this too should be included in the

genus Icriodus.

Ethington et al (1961) decided that the best criteria for distinguishing
the two genera in question were the more prominent inclined main cusp and the

greater degree of arching of Pelekysgnathus. However, evidence that icriodids

have developed long inclined cusps at various stages in their evolution is
substantiated by the icriodids from the Lower Pilton Beds, all of which
display prominent main cusps. In a number of cases the main cusps of the
ieriodids are more prominent than those of the associated pelekysgnathids.
Thus, the possession of a long inclined main cusp is not a feature which is

unique to Pelekysgnathus, and, as suggested by Klapper (1966), "the degree
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of arching does not seem fo be character of sufficient value for generic

ditferentiation in platform conodonts”.

According to the ceriteria of Ethington et al (1961), Icriodus costatus,

which can be arched and which does possess an inclined main cusp, should

be assigned to the genus Pelekysgnathus despite the fact that it has three

rows of denticles.

Another point of conjecture, during the past thirty years or so, has
been the orientation of Tcriodus. Branson & Mehl (1934c) and Thomas (1949)
orientated the genus with the main cusp when present, and greatest width of
the aboral cavity, as posterior. The same orientation is used by Hass (1962)
in the Treatise on Invertebrate Palaeontology (Part W Misscellanea).
Muller & Muller (1957) interpreted the main cusp as a reduced blade, and thus
orientated the genus with this cusp and the maximum width of the basal cavity
as anterior. Ethington & Furnish (1962) also orientated Icriodus in this
way, as did Anderson (1966).  However, ziegler (1960), Klapper (1966),
Sannemann (1955), Lindstrom (1944) and Glenister and Klapper (1966) advocate
the former method of orientation for icriodids, because of the inclination of
the main cusp when it is present. In all obther conodont elements the
posberior end is indicated by the direction of inclination of the denticles,
and these authors note that it would be wrong to make Icriodus the exception.
The writer proposes to follow this argument and orient the members of the
gemus with the main cusp as posterior; the maximum width of the large

excavated basal cavity is thus also posterior.

Teriodus costatus (Thomas, 1949)
(PT.7, figs.9a - 10c, PL.8, figs.la-c, 3a-c)

1949 Pelekysgnathus costata Thomas; p.uok, pl.2, fig.9




non

non

128

1949 Icriodus cf. I. rectus (Youngquist & Peterson): Thomas; p.u43k,
pl.1l, figs.17,18.

1955 Tcriodus cornutus Saﬁnemann; p.130, taf.4, figs.19a-c, 20, 21.
1958 Icriodus darbyensis Kalpper; p.1086, pl.1k4l, figs.9,11,12,
1961 Pelekysgnathus darbyensis (Klapper): Ethington, Furnish & Wingert;
p.765, pl.90, figs.12-17.
1964 Pelekysgnathus darbyensis (Klapper): Lindstrom; p.53 & 161,
text fig. 17A, 56h.
1966 Icriodus cornutus (Sannemann): Glenister & Klapper; p.804-805,
pl.95, figs.2,3,.
1966 Icriodus costatus {Thomas): Anderson; p.406, pl.52, figs.1-6,10.
1966 Icriodus costatus (Thomas): Klapper; p.30, pl.6, figs.19-22.
1967 Teriodus cornutus (Sannemann): Wolska; p.380, pl.ll, fig.5a-b.
Diagnosis.

Prominent main cusp inclined peosteriorly, three sub-paralled rows of
denticles ornament the oral surface. The denticles of the lateral rows
are aligned with those of the carina. In mature forms, transverse ridges
may develop connecting the denticles of the three rows. Basal cavity

widest posteriorly, often displaying flared margins.

Description.

Disregarding the prominent main cusp, the overall shape of these units,
in oral view, can vary from those with sub-parallel sides to those (more
mature forms) with platforms which taper gradually toward the anterior.

The aboral cavity in both juvenile and mature forms alike, is widest

posteriorly, tapering to a sharp point anteriorly.

Orally these elements are dominated by the large, posterior cusp which

projects out beyond the platform of the conodont unit. On the platform



129

itself the ornamentation consists of three rows of denticles, a carinal or
central row and two lateral rows. The three rows run sub-parallel for the
greater part of the platform length, but the denticles of the lateral rows
become markedly smaller toward the anterior end, owing to the tapered nature
of the platform. In some cases the most anterior carinal denticle is
unaccompanied by lateral denticles, but often minute lateral denticles are
visible, budding off the sides of this carinal denticle. The nodes of the
lateral rows are aligned opposite those of the carina and in mature forms
all or most of the carinal nodes are connected by transverse ridges to the
adjacent lateral nodes. The number of denticles composing the carina
ranges from 6 to 8, excluding the main cusp. Both lateral rows of any

one specimen invariably consist of one fewer denticle than the carinal row.

Individual units are bilaterally asymmetrical, the outer side being
convex while the inner side is straight or slightly concave. This is
true of both right and left forms and consequently right and left forms

are mirror images of each other with regard to oral ornamentation.

Aborally the basal cavity of right and left forms is also bilaterally
symmetrical, but the cavity of an individual unit is bilaterally asymmetrical.
The maximum width of the large excavated cavity, which occupies the whole
of the aboral surface, is located at the posterior end of the unit. The
cavity is rounded posteriorly and tapers gradually toward the anterior end
where it terminates in a point. The outer edge of the aboral cavity of an
individual element is convex, while the Inner edge is convex in the
posterior third becoming concave in the middle and anterior thirds, after
curving sharply. The margin of the cavity may be flared, particularly in

the posterior half of the unit.

In aboral view the prominent, inclined main cusp on the oral surface
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can be seen projecting beyond the posterior limit of the basal excavation,

Laterally the units are slightly arched to straight; the main
posteriorly inclined cusp dominates the lateral profile. It projects from
the platform at an angle of 45° to 650, and often it is curved gently
upwards, having a hook-like appearance. The denticles of the three oral
rows all attain approximately the same height but are considerably lower
than the posterior cusp. In laterally arched forms, the denticles of the
anteriormost portion of the carina are not as high as the rest of the
platform denticles, but this is due solely to the arching. With the
exception of the main cusp the oral and aboral edges are parallel, whether

i

or not the unit is arched or straight.

Remarks.

Klapper (1966) diagnosed this species, stating that the lateral and
median rows of denticles were always connected by transverse ridges. This
was apparent only in mature specimens of this species, from the Lower Pilton
Beds, smaller forms usually displaying three distinct rows of nodes with no
connecting ridges. However, in every case the lateral and median rows of

nodes were aligned, if not connected, transversely.

Icriodus costatus is similar to Icriodus symmetricus in that they both

possess aligned rows of denticles, but Icriodus symmetricus lacks a prominent,

horn-like, posteriorly inclined main cusp. Anderson (1966) noted that

specimens which he called Icriodus costatus generally did not develop

transverse ridges and he concluded that his specimens were transitional forms

between Icriodus cornutus Sannemann and Icriodus costatus, as illustrated

by Thomas (1949), Klapper (1958 & 1966) and Ethington et al (1961).  The

author has considered all the forms from the Pilton Beds with prominent
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posterior cusps and aligned lateral and median denticles (With or without

connecting transverse ridges) as Icriodus costatus, those without ridges being

interpreted as immature forms. However, Anderson's conclusions that those

forms without ridges are transitional may well be valid.

Icriodus cornutus Sannemann has alternating lateral and median nodes and

is distinguished from Icriodus alternatus Branson & Mehl by the possescion of

a prominent main cusp, which is strongly inclined posteriorly. Although the

photographs are not perfectly clear, Icriodus cornutus illustrated by Wolska

pl.2, fig.5a-b, apparently has aligned denticles characteristic of Icriodus

gostatus.

Material studied. 23 specimens

Occurrence. PB.10 - PB.16

Catalogue numbers of the figured specimens. JW.178 - JW.180, JW.182

Teriodus sSp. nov,
=Crioutis

(PL.8, fig.2a-c)

Diagnosis.

Prominent, curved main cusp, two lateral rows of seven denticles which
can be nodose or ridge-like. Central or carinal row of denticles fused for
the greater part of their length, occurring as a longtitudinal ridge. Basal
cavity extremely large and the edges prominently flared; it is as wide as
long. Maximum width of the basal cavity is much greater than the maximum

width of the oral platform. In lateral view the platform is boat-shaped.
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Description,
Orally the ornamentation shows no precise symmebry. The platform sides
are bi-convex, approximately twice as long as broad. Two distinct lateral

rows, each consisting of seven denticles, are visible, some of the denticles
comprising these rows are restricted to the platform margins and are nodose;
others are ridge-like and connected transversely to the median or carinal

e, The nodes of the carina are fused for the greater part of their
length, occcurring as a low continuous ridge, but three distinct nodes
belonging to the carina can be seen, two at the anterior end of the ridge
and one at the posterior end (other than the main posterior cusp),. These
three nodes and the ridge, which compozse the carina, do not run in a straight
or gently curved line but have an angular distribution, and thus the oral

surface 1s markedly asymmetrical. The main cusp at the posterior end of the

unit is prominent and curved.

This specimen is apparently a right form; this is based on the overall
curvature of the unit, and if this designation is correct then there is a
shallow trough developed on the outer side of the platform between the carina

and the outer lateral row of nodes.

Aborally the anterior tip of the basal cavity is missing, but, the rest
of the cavity is well preserved. The cavity is extremely large and widely
flared, the length and width being approximately equidimensional. The
outer edge is convex while the inner edge is convex in the posterior half
and then sharply curved to become concave in the anterior half of the unit.
The posterior margin of the cavity is rounded and, although the extreme
anterior portion of the cavity is missing, the nature of the sides leading

to this region suggest a pointed anterior margin. The maximum width of the
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aberal cavity 1z ccnsiderably larger than the maximum width of the oral

platform; this ie due to the flared nature of the margins of the excavation.

Laterally the unit has a boat-like profile. The flared margins of the
basal cavity form 2 sturdy base, and the platform, including the main cusp,

1

resembles a boat sitting on this hase. The posterior edge of the unit
curves backward anteriorly meeting the flared posterior margin of the basal
cavity at an angle of just under 90°. The anterior margin curves back
posteriorly, but, because the anteriormost portion of the basal cavity is

missing, 1t i1s impossible to ascertain the angle of the junction between the

anterior margin of the platform and the basal cavity.

The posterior main cusp is by far the largest denticle, but, the platform
rises gradually from the base of the main cusp to the anterior extremity and

the height of the main cusp is thus eguated by the anteriormost denticle of the

carina. The carinal ridge of the platform is obscured by the larger denticles
of the lateral rows in this view. The main cusp itself is curved or hook-like

and although its base is inclined posteriorly, the tip of the cusp is

inclined vertically if not slightly anteriorly.

Remarks,

Only one specimen of this type was recovered despite extensive resampling
of the horizon from which 1t came. This specimen could be cited as an
argument against the orientation of Icriodus with the main cusp as posterior.
This orientation is recommended by many authors based on the direction of
inclination of the cusp, but in the present specimen the main cusp is directed

vertically, if not slightly anteriorly.

Only two other forms have been located in the literature which show any
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resemblance to this specimen, This resemblance is merely in overall cshape,
and in detail there are significant differences, The two forms in question
are N. g. and n. sp. Bouckaert & Ziegler (1965, pl.5, figs.9,10,11) and

Icriodus constrictus Thomas, as illustrated by Anderson (1966, p.405, pl.52,

figs.14-16). Only a few specimens of both of these forms have been recoverad
and described as yet, and hence the range of intraspecific variation is not
yet establiched. The multitude of complex transverse ridges serves to
dictinguish Bouckaert and Ziegler's specimen from that of the Pilton Beds,
together with a differently shaped basal cavity. Andersen's illustration

of Ieriodus constrictus resembles this Pilton form in general shape, but

possesses characteristic bifurcating transverse ridges and no prominent
main cusp. Klapper's (1966) illustration of this species (pl.6, fig.18)

does not even resemble the Pilton form in overall shape.

Until more is known with regard to the limits of intraspecific
variztion within forms such as these, the author prefers to regard this as

a separate and new species.

Material studied. 1 (one) specimen

Qccurrence. PB.15

Catalogue number of the figured specimen. JW.181

N. 2. One specimen of Icriodus from the Lower Pilton Beds had a very
flared cavity developed conspicucusly on just one side of the unit.
However, this specimen was only partially preserved and consequently no
valid assumptions could be made as to its specific affinities. Despite
this, the nature of the cavity is unique in the Lower Pilton Beds and this
incomplete specimen is apparently not a member of either of the species

described.
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Depgpite thisz, the oral orramentation displays three rows of nodose
denticles typical of icriodids, and, although incomplete the specimen,
has a characteristic icriodid outline in oral view. The aboral side of

the unit has a flared margin, typical of many specles of this genus.

Thiec specimen 1z nobt a member of either of the icriodid species
described from Croyde Bay. The oral ornamentation, which is a combination

ing and aligned lateral and medilan denticles, 1z unlikoe

of beth alternating

that of the obher Pilton icriodids.

T the present identification is correct, this would indicate that the
Pilton Beds 2t Bemnton are of Upper Devonian age (Lower Pilton nme ).
Neturally the evidence of a single, broken specimen is far from conclusive,

and furthermore one cannot rule out the poesibility that this specimen has

been reworked.

Despite extensive resampling no other conodonts were found in any of

the Bampton horizon:z.

Material studied. 1 (one) specimen
Occurrence. B.7
Catalogue number of the figured specimen, JW.177

Genus NEOPRIONIODUS Rhodes & Muller, 1956
(Fig.hk7)

1956 Neoprioniodus Rhodes & Muller, p,698.

Type species. Pricnicdus conjunctus Gunnell, 1931
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Pander's (1856, p.29) original definition of the genus Prioniodus

waz very broad in nature, encompassing all forme which displayed a large

o

N

fang, a posterior and possibly an anterior bar or blade, and a long narrow
basgal cavity. Phodeg & Muller (1956) refined Pander's genus inte five

genera namely,

Prioniodus 3. 2.

Neoprioniodus Rhodes & Muller

Ligonodina Ulrich & Bassler
Bl e . b et
CGenus indet a

Genus iIndet ©

Their diagnosis of the genus Neoprioniodus was as follows:-

"Compound conodonts consisting of a denticulated vosterior bLar, at
the anterior end of which a large fang (main cusp) is developed.

The base of this fang may or may not extend downward below the level
of the bar to Torm an 'anticusp', the anterior edge of which may or
may not be denticulated. There 1s usually a basal cavity below the
fang, which may be extended as a shallow groove on the aboral surface

of the posterior tar."

Neoprioniodus confluens (Branson & Mehl, 193k4)

(P1.13, figs.7a-0b)

1934 Prioniodus confluens Branson & Mehl; 1p.206, pl.l5, fig.7
(non pl.15, fig.17 = N. alatus)
1934 Euprioniodina prona Huddle; p.52, pl.6, fig.19, (non pl.ll,
fig.8 = E. alternata)
1939 Prioniodus alatus Hinde; Cooper: p.40O4, pl, 46, figs.6,8.
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1949 Prioniodus aphanes (Cooper); Thomas: p.4il, pl.4, figs.20, 34,
1049 Prioniodusz obtusus Branson & Mehl; Thomas: p.408, pl.l, figs.l1,7.
1955 Prioniodus prona (Huddle); Sannemann: p.152, pl.3, fig.1l.

1957 Prionicdus prona (Huddle); Ziegler in Flugel & Ziegler; p.ho,

pl.b, fig.6.

1961 Neoprioniodus armata (Hinde); Scott & Collinson; p.127, pl.?

;0 p.l27, pl.z,
Tig.2h (non pl.2, rig.22 =
N. armata).

1669 Neoprioniodus confluens (Branson & Mehl): Rhodes, Austin & Druce;
-5 .
?.150, pl.2l, figs.2,8.

1969 Neoprioniodus confluens {Branson & Mehl): Druce; p.76, pl.lh,
Tigs.,1lla-12.

Description.

[&2])

The anterior denticle is tall, laterally compressed, ovate in crog:c-
section, znd extended aborally to form a prominent anticusp. The basal
cavity, which commonly displays a flared margin, is located at the
Junction of the anticusp and the posterior bar. The position bar is very
long and sbtraight or gently bowed in lateral view. Several specimens
displey a bar which is straight in its anterior two-thirds and gently
deflected upward, through an angle of approximately MSO , in its posterior
third. The posterior bar possesses at least 10 and in some specimens

ag many as 35 denticles which are discrete only at their tips.

Material studied. 73 specimens
Occurrence. PB.1 - 7.8

Catalogue numbers of the figured specimens. JW.o42 ~ JW. 24k
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Genus OZARKODINA Branson & Mehl, 1G3k

(pl.13, figs.l0a-1llc)

2
3
(Text fig.hd)

193k Ozarkodina Brancon & Mehl, p.51
Type species. Dzarkodina typica Branson & Mehl, 1934

Branson & Mehl erected the genus Ozarkodina for those conodonts which
consisted of thin, denticulated, arched nlades or bars with a large main
cusp near nid-length, and an approximately equal number of smaller denticles
on either side of this cusp. The denticles were compressed laterally and

the basal cavity was located beneath the main cusp.

'l_
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D

The figured specimens of this genus are represented by a sing

Materisl studied. 18 specimens
Qccurrence. PB.2 - F.0
Catalogue numbers of the figured specimens. JW. 245 - JW.246

Genus PELEKYSGNATHUS (Thomas, 1949)

(Fig.L9)
1949 Pelekysgnathus Thomas,p.h?&, Les
1961 Pelekysgnathus Thomas: Ethington, Furnish & Wingert, p.764, 765
Type specles. Pelekysgnathus inclinata Thomas 1949, p.425 by original

designation.
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Shale of South-east Towa, The problems of differentiating Pelekysegnethus

5

from Ieriodus have bpeen discussed in the systematic deseription of the lattor

ger:
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Thomas's original description of Pelekysegnathus was as follows:-

"Dental unit composed of a thin, moderately deep blade that in straight

to clightly arched in lateral view. Oral surface of the blade marked

D

by low, discrete or fused, node or ridge denticles thet are

not evident
as germ dentlicles within the blade. Posterior end of the blade
conainte of a ma’or thorn-like denticle that iz directed postericrly at
varying degrees. Aboral surface cymmetrically thrcoughout it: entirve

length: Dpit deepest beneath major fang. Thin lips project downward

Thomas noted that the generic relations of thiz group were doun tful,
but that the rature of the basal cavity and sometimes ridge-like oral
denticles suggested an icriodid relationship, whereas the main thorn-like

fang suggested a prioniodid relationship.  Klapper (1966) stated that the

reference of Pelekysgnathus to the prioniodidae by Hass was doubtful.

The apparent restriction of Pelekysgnathus to the Upper Devoniean,

makes it possible that this genus represents a descendant of Ieriodus.

Anderson (1966) considers that the two rowed forms of Icriodus, which are

rare, represent the transitional stage from Icriodus to Pelekysgnathuc.

The evolution of Pelekysgnathus from Icriodus would be effected by a

reduction in the number of oral denticle rows from three to one (those with
two rows are regarded as icriodids). Some authors include the development
of a prominent posterior fang as a second trend although several species of

Teriodus exhibit this feature.



The orientation of Pelekysgnathus

pocition of the main cusp indicating the posterior end.

K

P

b=l

similar to

that of Icricdus, the

This orientation

is followed in the present paper for the same reasons cited in the

systematic description of the genus Icriodus,

The diagrostic
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features of the genus Pelekysgnathus are:-

ight
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red basal cavity.

which may be nodose

possession of a prominent posterior cusp.

n lateral view.

Pelekysgnathus communis Thomas, 104Q

(p1.8, figs.lka-c, Sa-c, Ga-c)

1949 Pelekysgnathus
1966 Pelekysgnathus
1966 Pelekysgnathus
1966 Pelekysgnathus

Diagnos’s.
Prominent posterior cusp;
which are discrete only at their tips.

only gently arched in lateral view.

communis Thomas;p.42k, pl.2, figs.6,7,8
inclinata Thomes: Anderson, p.L0g
sp. Glenister & Klapper;p.826, p1.95, fig.10

communis Thomas: Glenister & Klapper;, p.826

three nodose denticles comprising the blade
Aboral and oral edges straight or

Basal cavity tapers symmetrically

toward anterior and displays flared edges, this being particularly obviocus

at the posterior of the unit.

Description.

Orally the unit can be subdivided into two distinet parts, the large



pocterior cusp and the short thin blade. The blade i1z stralght and in all
five apecimens, is composed of three nodeose denticles which are Tuped for

the greater part oi their length and discrete only at their

cusp is markedly inclined toward the vosterior and may be

maln

inner or outer side of the unit, The expanded morgins

curved toward The
of the bassl cavity filare out prominently below the main cucp and less

o © g
Low the hlade.

prominently pe

Ly excavated throughout.

and symmetrically toward the anterior. The posterior edge of the cavity in

rourded and the anterior edge bluntly pointed. The margins of

the cavity
the posterior half, and here the deepest excavation occurs,
anterior

corresponding to a point directly below the main cusp. In its

nalf the cavity zhows Llittle or no flaring.
In lateral view the aboral edge is straight
but, the oral edge 1s a little more complex.

comprising the blade,
height very gradually

substantial gap where

from anberior to posterior.

or only gently arched,

The three denticles

which point vertically or almost so, increase in

There 1c then a

the blade is undenticulated and finally the prominent

Posterior cusp is encountered, inclined at an angle varying between hSO and

65° posteriorly.

that of the maximum height of the blade,

The maximum helght of the cusp is approximately twice

The angle made by the junction

] v L. S . No)
of the aboral and anterlor margins 1s variable but generally around 907

The ratio of the height to width of the blade is 2:3 or

Remarks.

Anderson (196A) recommends that three of Thomas's

smaller.

original gpecies of
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this genus should be considered as belonging to a single species. He

states that Pelekysgnathus nodosa Thomas and P. communis Thomas are

distinguished from P. inclinata Thomas by only minor details such as
inclination of the main cusp and fusion of the denticles of the blade.
Anderson considers that these minor differences do not warrant the erection
of three individual species and suggests that such variation can ve
attributed to infraspecific variablility within a single species. He

selects B inclinata, the type speciles of the genus, as the valid name.

Anderson's assumptions are probably well founded, but, the pelekysgnathid
specimens from the Pilton Beds are not numerous enough either to substantiate
or refute them. The reason why these Pilton zpecimens have been included
in what is possibly an invalid species, 1s that they comply very closely

with Thomas's original description of Pelekysgnathus communis.

Material studied. 11 specimens
Occurrence, PB.16 - PB.35

Catalogue numbers of the figured specimens.  JW.183, JW.18L, JW.186

Pelekysgnathus croydeus sp. nov.

(P1.8, figs.Ta-10c, Text fig.50)

Derivation of name. From its occurrence in the Pilton Beds exposed at

Croyde Bay.

Type specimen. Holotype JW.185, P1.8, fig.7a-c.

Paratypes JW.187, JW.188, Jw.189, P1.8, figs.8a-10c.
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Pelekysgnathus croydeus sp. nov.
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Smalil conodonts with blade composed of a single row of four to six
denticles which are compressed transversely and as a result wedge-shaped.

Posterior cusp large by comparison with fthe blade denticles. Bazal cavity
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In oral view the unit ig slender, the blade being composed of 4-6
transversely compressed, ridge-like denticles. The overall shape of each
denticle iz wedge-like, similar to an inverted triangle, they become wider
upward and are discrete for only half their total length. Orally the main
posterior cusp is distinguished from the blade denticles by 1ts nodose nature

and its posterior inclination. The flared margins of the basal cavity make

this feature obvious, even in oral view.

92}

The basal cavity occupies the whole of the aboral surface and its sides
are sub-parallel, The cavity tapers very slightly anteriorly from its widest
development beneath the main cusp. Both anterior and posterior margins of
the cavity are rounded. The inner and outer margins of the basal cavity are

flared, particularly in the posterior half of the unit,

In lateral view the unit is lowest anteriorly, the three most anterior
denticles of the blade increase gradually in height toward the posterior.
At this point the outline of the blade becomes straight, the rest of the blade
denticles attaining an equal elevation, At the posterior end of the blade
the profile of the unit is marked by the thicker, posteriorly inclined, main
cusp. The cusp, when complete, reaches a height which is approximately twice

that of the larger blade denticles. The posterior inclination of the cucp

. o 0 .
varies between 60~ and 90~ from the horizontal. However, the cusp does not



.

dominate the profile of this species to the extent that it does n other

speclies of this genus.
o

The aberal edge of the unit is straight or only gently archec in lateral

view. The angle made Ly the junction of the aboral and pochtericr odges iz

Remarks.

These specimens are regarded as pelekysgnathids because of the single
row of denticles on the oral surface, and the presence of a large, posteriorly
inclined main cusp. However, careful examination of two specimens revealed
that one or two of the blade denticles, in both cases, have twe peaks. Theze
pesks are imperceptible in oral view but visible, though indistinct, in lateral
view, The presence of two peaks on these ridge-like denticles may indicate
that the ridges were formed by the fusion of two previously discrete nodes,
If all the ridges were formed in this way then this would indicate the fusion
of two previously discrete rows of nodes. As stated in the systematic
description of the icriodids, such forms with two rows of oral nodes are

P

considered as members of the genus Icriodus.

This provides further possible evidence of Pelekysgnathus and Icriodus

having close genetic ties with possibly the former developing from the latter
through a reduction in the number of rows of oral denticles. However, the
pelekysgnathids recovered from the Pilton Beds were extremely small both in
size and number, and no definitive conclusions could be drawh from the results

of this study.

The two specimens from the Pilton Beds which have dual peaks to one or
two of their ridges are still regarded as pelekysgnathids however, because,

(a) the peaks are indistinct, and if fusion has occurred it is at a most
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advanced stage; =and (b) most of the ridges of the blade are flat fopped,
showing no evidence of thelr ever having bYeen the result of fusion of two

distinct nodes.

Materiai sbudied. 20 specimens

Qccurrence., PR,.2 - FPB.29

Catalogue numbers of the figured speclimens. JW.185, JW.187 - Jw.180
-, 24 = = Jy uwil. N LY

Genus POLYGNATHUS Hinde, 1879

(Fig.51)
1879 Polypnathus Hinde; p.362-36k
1889 Polygnathus Hinde: Miller; Pp.520
1926 Polypnathus Hinde: Roundy; P.13
1926 Polygnathus Hinde: Ulrich and Bassler; 1p.43
1957 Ctenopolygnathus Muller and Muller; p.108k
1964 Polygnathus Hinde: Ziegler, Klapper and Lindstrom; p.hol-423
1968 Polygnathus Hinde: Huddle; Dp.37-38
Type species: Polygnathus dubia Hinde, 1879, by original designation

Miller, 1889.

Polygnathus robusticostata Ziegler, Klapper and Lindstrom,

The validity of the name Polygnathus has been a point of conjecture for
many years. The arguments and theories which have arisen over this topic,

have been summariced in a short note published by Ziesler, Klavper and
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Lindstrdm (1964).  The problem arose, when Hinde {1879) neglected to
designate a type species for his newly erected genus, Polygnathus. This

genus was proposed for 20 species of conodonts recovered from the Upper

Devonian of New York. One of the specles, Polygnathus dubia, recognised

by Hinde was supposed to represent a natural assemblage, composed of 30

2

iscrete concdonts preserved on a single slab of rock, and thus he selected

no holotype.

Miller (1889) subsequently designated Polygnathus dubia as the type

species, and Roundy (1926) selected Hinde's specimen pl.XVI, fig.17, as the

lectotype of this species, although he had not seen Hinde's material, Only
the lateral view of the lectotype is exposed, as it is partially emvedded in
shale.

Several suthors, including Ulrich and Bassler (1926), noted that Bryant

(1921) designated Polygnathus pennata as the type species of this genus,

although no statement to this effect can be found in his work. Neverthelens,
Miller was first to revise Polygnathus and thus his type species should

have prilority.

Ziegler, Klapper and Lindstrom (1964) regarded the type species,

Polygnathus dubia, as a nomen dubium, and they stated also, that if the genus,

Polygnathus, was regarded as a nomen dubium then one must accept the carliest
junior synonym as the name bearer of those forms previously called

Polygnathus. The genus Macropolygnathus Cooper (1933) is considered by some

as a subjective junior synonym of Polygnathus, (herein it is considered to

be a subjective junior synonym of Pseudopolygnathus) as is Ctenopolygnathus

Muller and Muller (1957). However, Ziegler, Klapper and Lindstrom (1964)
recommended that the name Polygnathus be retained, in the interests of

nomenclatorial stability, but they requested that the type species be changed
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to Polygnathus robusticostata Bischoff and Ziegler (1957 p.95-96). They

further proposed new subspecific names tor Polygnathus dubia dubia, and

Polygnathus dubia asymmetrica which were, Polygnathus asymmetrica ovalis

Ziegler and Klapper, and Polygnathus asymmetrica asymmetrica respectively.

The proposals of these authors have been gene

=

ally accepted, and as a result,

the Polygnathus dubia zone of the Upper Devonian of CGermany has been rensmed.

D

the Polygnathue asymmetrica gzone, although, the designation of Polygnathun

robusticostata ac the new type species for the genus has yet to be accepted.

Huddle (1968) redescribed the conodont genera and species recognised hy

Ulrich and Bassler (1926), and his description of Polygnathus is as follown: -

"Tanceolate conodonts with a nearly symmetrical thick plate divided by
a carina which continues anteriorly into a free blade. Oral surface
marked by nodes or ridges; or, rarely, smooth. Aboral side has a
continuous keel corresponding to the carina, a small basal cavity,

growth lines and a narrow crimp'.

This genus developed from Spathognathodus, and specimens from the

Saverton Shale of North America show this development. Polygnathus gave

rise to several other genera including Ancyrodella, Polylophodonta,

Siphonodells and Palmatolepis. Polygnathus differs from Ancyrodella in

having a differently shaped plate, and no secondary keels or carinae.

Siphonodella is distinguished from Polygnathus by a strong rostrum and

rostral ridges, a sharp deflection of the axis immediately posterior to
the rostrum and by the presence of both nodes and ridges in oral ornamentation.

Palmatolepis differs from Polygnathus in having a central node, sigmoidal

curve of the carina and a generally thinner plate. Polylophodonta has an

oral surface ornamented with nodes and ridges commonly arranged concentrically

around the apex of the basal cavity, and a suppressed carina.
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Polygnathids can be subdivided into three basic groups, on the nature of

the platform ornament.

a. Those species with transverse ridges - Found in the Devonian and very

common in the Lower Mississippian.

b. Those specles with nodose platforms - Common in the Upper Devonian.

c. Those species with smooth platforms - Typically Devonian, but not very

important stratigraphically.

Rexroad and Scott (1964) stated that the most important morphological

features that can be used for specific differentiation of polygnathids are:-

a. Overall shape of the platform.

b. Type and pattern of oral ornamentation.
c. Length and outline of the anterior free blade.
d. Nature of the aboral side, including the size, position and shape

of the basal cavity.

Furthermore, Rexroad and Scott remark that polygnathids are extremely
variable in form and many species have been erected. Minor differences in
the four categories listed above should not be considered taxonomically
significant, but study should rather be made of the stratigraphic distribution

and changes which occur in the faunal succession.

The 'Polygnathus communis' group

Polygnathus communis was originally described by Branson & Mehl (1934b)

from the Bushberg Sandstone of North America. Hass (1959 p.390-391)



distingrished twe subspecies of Polyenathus communis, in addition to

P, communis s.a., which he named Polygnathus communis bifurcata and

——

Polygnathus communis carina. The diagnostic feature of P. communis

vifurcata wa:s the dzvelopment of 2 secondary carina at the posterior end

of the outer platfcrm and a corresponding secondary keel on the aboral surface.

feature of P. communis carina was the development of a noded

The diagnostic

ridge on either side of the anterior platform, running from the point where

the anterior blade met the carina, to the anterior margin of the platform.

Hass (1959) orientated polygnathids with the blade as posterior, however,

55}

most workers orientate this genus in the opposite direction.

Rexroad and Scott (1964) renamed Polygnathus communis s.s. Branson and

Mehl, Polygnathus communis communis, in order to clarify its taxonomic

status.  Their diagnosis of the subspecies Polypgnesthus communig carina is

L,

more Tlexible than that of Hass, as they include forms which display nodose
¥ £

ornamentsation on the anterior portion of the dlatform regardless of precise

trend of the rodes.

Bischoff (1956) distinguished Polygnathus glabra from Polygnathus communis

on the basis of the chape of the platform and the thick-lipped, rounded, basal

il

. 7~ . N -
cavity in Polygnathus commnis.  Freyer (1961) reported transitional stages

in the basal cavity between P. glabra and P. communis. The only reliable

distinection between these two speciles is considered to be the precence of a

saed ares immediately posterior to the basal cavity in P. communis.

o)
)

o]
[
)
[}
83

Polygnathus adola Cooper, was reported from the Pilton Beds by Dineley,

however, this is concidered as synonymous with Polygnathus communis communis,

Diagnosis.

The species Polygnathus communis Branson & Mehl is characterised by a

~ b}
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small lanceolate platform and o nodose carina which may bifurcate posterioriy.
The platform 1s either mooth or ornamerted only at the anterior end by short
ridegesn, The aboral surface has a raised keel which vifurcates posteriorly
when the carina wifurcates on the oral surface, The basal cavity is small
and subcirculsr, and that portion of the keel immediately posteriocr to the

£

cavity 1o depresced and Ilatt

Q
O_\

Poiyegnathus communis carina Hacss, 1959

- s 0. Man Ty e
1856 Polygnatiue communis Branson & Menl: 1°fs,

E

b
1.2, fig
commuris)

1959 Polygnathus communis Branson & Mehls carnia Hass, n.var. p.39lL,
PL-QK, figs.8,9

1952 Polypnathus cf. sbyriaca (ziegler): Voges; p.ogk, pl.3k,

196k Polymnatbus communis carina Hass: Rexroad & Scott; p.3&,
flgs.Ph-05,

1967 Polygnathus communis carina Hass: Boogaert; pl.2, figs.3,k.

1969 Polygnathus communis carinus Hass: Druce; .95, pl.18, fige.lla-c

Diagnosis.

A polygnethid with the development of a ridge, which may or may not be

ncdose, on cne or woth sides of the platform at the anterior end. Dlatform

otherwise smooth, sapart from a nodone carina.

Des rlnt1on.
Orally the platform is unornamented except for a nodose carina and the

development of a short, but well defined, ridge at the anterior end, In all
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specimens the ridge is

n
Q
i
}.._J
<3

obvious on one side of the platform. It is
developed on the inner cide of the platlform of right forms and on the outer
gide of left forms, and in this sence the subspecies is bilaterally
Aoymmetrical. The lengbh of the ridge ic approximately f of the total

19

length of the pletform and runs diagenally toward the carina from the anterior

edge of the platform. A corresponding diagonal Trough occurs between the

roundea, Tha carina may run the whnie lengtn of the platform or stop

shruptly, just short of the posterior Hip. Tt is composed of 6-11 nodes
which become smsller pcesteriorly. Invariably the carina curved and this
feature is used to distinguish rignt and Lleft forms.  Either side of the

carine, throughout itc enbire length, there 1s a distinet trough, and on

form which bears the anterior ridge, the trough opens

out at the antericr end of the platform where it coalesces with the diagonal

the inside of the ridge.

ot
put
Q
<
Q
5
O
3

The anterior blade which projects from the platform was completely or

partially broken in 211 specimens of this subspecies recovered from the
Pilton Beds. Posheriorly the blade merges into the carina.

B

Aborally the unit bears a keel which corresponds to the anterior blade
and carina of the oral zurface. A mmall subcircular basal cavity is
located Just posteriocr to the Junction of the blade and the platform.
Immediately posterior to the cavity the keel is depressed and flattened, and

this depression 1s a more prominent aboral feature than the cavity itself.

Laterally the carina is hidden from view by the higher lateral platforms.
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The antericr ridge is the highect topographic point on the platform, and the
anterior blade attains approximately twice the height of this ridge. The

avoral edge of thece forms

=
65}

distincetly arched to almost straight in lateral

view, but the oral edge is always shtraight, increasing very gradually in

Ui

Q

2levation from prosterior to anterior. Specimens displaying an arched margin

are concave venenth the platform and slightly convex beneath the antericr

Haoss's (1959) original diagnosis of this subspecies stated that it had

© noded ridpe developed on each side of the platfeorm, Rexroad snd Scott (TQ’)‘!)
that it was characterised by nodose ornamentation, while Boogaert

(1967) diagnosed two or more nodose ridges.  Thus over the years the diagnosis

of P. communiz carins has been cwpanded to incorporate those forms with more

than two nodose ridpes, those with a distinet nodose ridge on only one side of

the platform, and those with irregularly arranged nodes, The specimens from

t

h

]

Lower Pilteon Beds, which have been included in this subspecies, bear
ridges which are not nodose but smooth, yet in all other respects they are

identical to P. communis carina. In the present study the diagnosis has

been expanded once again to irclude forms which develop ridges, which may or

may not be nodoge.,

Material studied. Q gpecimens
Occurrence, PB.L - PBR.13

-
\O
o

Catalopue numbers ol {igured specimens, JW.191 -
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Polygnathus communis communis Branson & Mehl, 1934

Polygnathus

(PL.9,

communis

Polygnathus

communis

Polygnathus

communis

Polveonathus

communi 2

.
ig BRranson & W

communis

communi s

communis

Polygnathus

communis

Polyenathus

commani s

Polygnathus

communis

Polyonathus

communis

Polysnathu

s communis

Polygnathus

communis

Polygnathus

communis

Polygnathus communis
Polygnathus communis

figs.ba-12c,

Branson &

BX‘ LN S0N 8(', RS

Branson &

Brarcon &

Brencon &

Brancson &

Branson &

Branson &

Branson &

Branson & 1}

Branson &

Branson &
Rranson &
Branson &

Branson &

Branson &

Branson &

ﬁ.R Branson;

Mehl;
flge.39-41.

Branson & Mehl;

3 pl'399

Menl:

17T

Mehl & Thomas; p.l5, pl.T,

Pim. 36,
fehl:  Youngouist & Pattwrson.
p.o2, pl.15, figs.7,9

e gy !

Mehl: Thomas;

0.60, pl.3, fig

Dy MLz

Mehl: Vouiqquiﬁt & Downs; p.787
pl.3, figs.h,5,19,20.

Mehl: Hass; ».35, pl.I, fig.l0

Mehl: Bischoff & Ziegler; 1p.156,
pl.12, figs.1-3,

Me?l: Hass; p.286, pl.2, figs.2-3,
wnon PLL2, figs. b-5, = P. communis

carina)

Bischoff; p.h2, pl.?2,

1 & Ziegler; p.h6, pl.

Mehl: Hass; p.390, pl.49, figs.9-
Mehl: p.288, pl3k, figs.l-
Mehl: Ziegler; pl.I, fig.9.

Mehl: Scott & Collinson;
fips.6-10, pl.2, fig.30.

130,

Mehl: Ziegler; p.&7.
Mehl: Hipgins, Wagner-Centis and

Waegner; nl,5, fig

. 30.

p‘l

p.145, pl.3k,

23

11,13,

7.
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1966 Polygnathus communis Branson & Mehl; Klapper; p.2l, pl.6, figs.6-11.

1966 Polyenathus communis Branson & Menl: Anderson; p.hll.

1967 Polygnathus communis Branson & Mehl; Wolska; p.ull, pl.1h,
fige. 1,2a-b.

1939 Polyenaktrus adola Cooper. p.399, pl.39, figs.33-36.

196k Polyenathus communis comeunis Branson & Mehl: Rexroad & Scots:; p.33,
pl.2, figs.17,18.

1967 Polygnathus communis communis Branson & Mehl: Boogaert; p.l&3, pl.2,

e R 3
Tig.37.

Diagnosis.

Tae oral curface of this subrpecles dirplays o central nodose carina and

‘o obherwise vnornamented.

The platform iz lanceolate, tapered posteriorly, and ornamented hv a
medial carina. Tn some specimens the carina is dictinetly nodoce throughout

its lengbh, but the majority of specimens display a carina which is nodose
only in its mid-third, the nodes of the anterior and posterior thirds being
fused forming an uneven ridge. The carina becomes lower and thinner toward
the posterior maroin of the platform, which may he charply pointed or bluntly

rounded. The carina itself may or may not reach the posterior extremity.

The anterior end of the carina merges featurelessly into the anterior blade
N

which is as long as the platform. A Tew specimens exhibit an even longer
blade. The O-172 denticlecs of the blade are discrete only at their tips.

The smooth lateral margins of the platform are upturned with the result that
there are 2 distincet furrows running either side of the carina. Aborally

this subspecies is identical to Polygnathus communis carina. Laterally

these specimens are also identical to Polygnathus communis carina, except

that there are no ridges on the anterior vortion of the platform.



Remarks.

Thic subspecies is by far the most common form of Polyggathuo in the
Pilton Beds. The shape of the platTorm has been described in general terms
as lanceonlate, but, the platform outline shows certain variations such as

indenftations and thickened mzrging. some gpecimens display posterior

marging which are sharply pointed, whereas cthers are bluntly rcunded in this

region. Rexroad & Scott (1964) have suggested that future studies on the
posterior platform outline may be useful iIn further taxonomic refinement.

Polygnathus communis communis specimens, displaying both sharply pointed and

o floy

bluntly rournded posterior platform marglins, are common in all horizons
besrirg thiz subspecies in the Upper Baggy and Pilton Beds. A plot of the

ratic of both variationsz, from eleven horizons where P, communis communis

N

was particularly abundant, was made to determine whether or nct the ratios

jab]

themselves might be utilized as zonal tools, The ratio:

]

arc expressed Aag
a percentage of the total P. communis communis population in each horizon,

(

useful. In the lower horizons those forms with peinted posterior platforms

1

ee Figure 52 ). The results of this plot did not prove to be particularly

n

were more abundant, Higher in the succession the distribution of the two
1

variations becomes more or less equal while higher in the succession the

dominance of polinted forms recurs.

Material studied. 38k specimens
Ocecurrance. PR - 7.8

Catalogue numbers of the figured specimens, JW.194 - JW. P20k

i)
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FIGURE 52

A PLOT OF THE RATIO OF POSTERIORLY

POINTED AND POSTERIORLY ROQUNDED

FORMS OF POLYONATHUS COMMUNIS

COMMUNIS FROM ELEVEN PILTON BED
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a

"Polygnathus ilnornata

124

group

Rexroad and reported t

that some

remerkably varicd

ion

S

V)

betwen

cited above, rccommend the suppression of

3

.
,
&

Q

may be based on an artificial distinctio

Rhoders, Auss
P Tnornatun o, <
. LAoTnAatus S.8

n these two species was

by most worker:s,

hat Polygnathus inornatus was a

of their specimens were transitional

v (2L

a2luo noeted

. inornatus

and P. lobatus are

and nelther of the publicaticns,

et

P. lobatus on the grounds that it

1.

L. . .
sLinguiched

anbericr end of theo ianece platform margl
for this pars of ithe orm margin to
pocterior part of the same side of the D

vexatue 1g lance

movae

..... This resulits from o tendency
toward the anterior blade, the

Latform becoming lobate.

olate platform and a longer free

blade,
Polygnathus inornatus inornatus Branson & Mehl, 1934
(P1.11, figs.(a-8c)
Lok Polygnrthus inornata Branson & Mehl: p.203, pl.obk, figs.35-7.

‘nornata

Polygnathus inornata Branson &

Polygnathus inornata Branson &

Mehl:

E.R. Branson;
figs.6,26.

p.309, pl.”5,
D.132,146,

Mehl: Cooper; p.400, pl.39, figs.
11,12.(=P. inorneta rostrata).

P. inornatus



non

non

1o6L

19AL

1966

1967

1969

[
N
o

Polygnathus inornata Branson & Mehl: FE,B, Branson; pl.3 fig.37.
Polygnathus inornata Branson & Mehl: YOUHROUL.t & Pattercon; p.6u,
pl.17, figs.4,5,9,13.
Polygrathus lnornata Branson & Mehl: Thomas; pl.3, fig - 36.
Polygnathus inornata Branson & Mehl: Youngoulist & Downs: pl.3,
figs, 17,18,
Polygnathus inornata Branson & Mehl: Bischoff and Ziegler; p.157,
pl.l2, fige.k,5. (fP.flabella)
Polyenathus inornata Branson & Mchli: Haso: pl.2, figs.1lh,15.
Polyenathus inornnta Bronson & Mehl:  Bischoff; p.h2, pl.2, figs.17,
15,20,21. (:P lacinata lacinata).
Polygnebshus inornata Branson & Mehl: Cloud, Barnes & Hass; pl.5,
Pig. 6.
Polyenatime inornata Branson & Mehl: Klapper; p.1089, vl.1hz,
o ips. 0.3 ’
LLlE e el
Polysnathus inornate Branson & Mehl: Voges; p.291, pl.34, figs.l12-
- 16. (non P1.34, figs.17-20
P. lacinata lacinata).
Polyenathus inornata Branson & Mchl: Higgins, Wagner-Gentis & Wagner;
pl.5. fie.P9, (=P.lncinata lacinata).
Polygnathus inornata Branson & Mehl: Rexroad & Scott; p.35, pl.2,
figs.19,20
Polygnathus inornats Branson & Mehl: Klapper; p.l9, pl.l, figs.7,8
9,10; N*.h i p%._,h (non pl.l1,
: ~lhy o pllh, fip.3 = _13. of.
4 rostrata).
Polygnathuc inornats Branson & Mehl; Boognert; p.18k, pl.2, figs.
39,40,
Polygnathus inornatus inornatus Branson & Mehl: Rhodes, Austin &

DlagnON”.

Lanceolate, displaying a short high blade and = straight
curved carina.
anteriorly it bears deep troughs

upturned.

The amount of upturning on either

The posterior part of the platform is

because the platform margins

Druce; 1p.186, pl.l0, figs.ha-6c.

to strongly

fairly fluat, dbut
are strongly

cide of the platform is



typilcelly urnequal. The platform ornamentation and outline are extremely
varisble, and the basal cavity 1s small, subcircular, and moy Lave prominent
lips=.

The anterior third of the platform bears deep troughs on either side o

the carina, due to the marked upturning of the margine of the platform in

cr
5
|t

2

In the mid-third the elovaticn of the upturned marging becomes

lezs proncunced until the platform is almost flat in the posterior third.

Oral ornamentation con:

edge as low noded. The strength of the ribbing is extremely variable, T
carina is nodose and may ne straight to strongly curved, It pacses

N

anteriorly into the short free blade, and terminates as a point at the
posterior end of the platform. The whole unit is sub-asymmetrical and

ommenly arched in lateral view,

Aborally the subspecies 1s keeled and bears a small, subecircular basal

of transverse ribs which terminste on the vlatfor

cevity which is loceted just posterior to the junction of the anterior blade

and the carina.  The cavity may display thickened lips.

Remarks,

Only = very limited number of forms, assigned to this subspecies, were

recovered from the Pilton Beds, and the zpecimens involved exhibited a great

deal of variation in hoth platform ornament and outline. One specimen
(P1.11, fig.6a,b.) is more elongate than the rest and probably should be

considered as =n example of the subspecies P. inornatus vexatus. Another

specimen (PLl.1)., fig.?a-c-) displays a carina which bifurcates nt the
posterior end of the platform. Thic may be considered by many authors as

representative of arother new subspecies of P, inornntus however, no

conclusiong may oz drawn from the nresent study an only a single npocimen
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chows this featuro,

Meoterial studied. (. specimens
Occurrence, PE.35 - 7.5
Cztalogue numhers of the figured specimens, JV.218 - JW.220

Polygnabhus lacinatus Huddle, 193k

-

P, lzecinatus T

L

They maintained that the nature of the bvasal cavity of P, lacinatus served

Lo distinguicsh it in this respect. Prior to this, Rexroad & Scott (1964

D.35) had included P. sagittaria Youngaulsht & Patberson, a ‘unior synonym of

P. lacinatus within the species P. inornatus Branson & Mehl.

Huddle (193L) initlated the species P. lacinatus for certain polygnathids

e W [==]

with r lanceclzate platform and an elongate, ~ycavated basal cavity. This
species was identified by Cooper (1939) wut Youncquist and various co-authors

(10kom 1050 & 1951) referred these forms to & new species P. sagittarius

Youngquizt & Patterson.

U

Tn addibion to Rexrond & Scott (1964), German workers have included

P. lacinatus cynorymy with P, inornatus,

The identification of P. lacinatus in the Piltcn Beds, involves the
downward extenclor of the range of this zpecies. which was thought previoucly

to be rectricted tc¢ beds of CuIIﬁy% age in Europe.
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Rhides, Auatin & Druce (1969) recognised four subspecies of P. lacinatus

inecluding P. laocinatus s, 3. The specles displayse a basal cavity which is

auite different {rom tha* which typifies this genus as a whole. It is

reminizeent of the cavity of Psevdopolygnathus, bub its symmetrical and

postericrly ©r outline, togather with the polypnathid nature of the

)

oral curface, 2ervo To

Tistineveich this form from Poeudopolyenathus,

Thne three subupecics erechbed, in addltion to P, lacinatus lacinatu:

wrot-  Poolacinatus asymmetricus Rhodes, Avstin & Druce (1969, PL.XT,

Tima. la-4c) which iz charnctericed by 2 reduction of the posterior part of
the irmner nliatform whiach, oo o remltt, does not extend to the posterior end

nodes, Austin & Druce (1960, PL.XT,

platform edge which is wrapped around the

posterior end of the unit,

t

which tends to be produced as a lobe, narrowing rapidly toward the posterior

ilton fauna, only specimens of P, lacinatus lacinatus were
recovered, althoush a few forms showed a tendency toward the development

5f the features characteristic of P. lacinatus asymmetricus.

Polygnathus lacinatus lacinatuc Huddle, 193k

(pl.10, figr.3a - 8c)

1934 Polypnathus lacinata Huddle; p.95, pl.8, figs.1-3.
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1930 Polygnathus lacinsta Huddie: Cooper; p.hoOl, pl.MO, fige.3,h,

Lala Polysnothae cacittaria Younoouict & Patterson; p.66, pl.15, figs.9,10.

1050 Polypnathus oaff, Polyennthus sagittaria Younggui=t & Patterson:
Youngoulast, Miller & Downs; p.527,
p_.GY, figs.2-4,

Polverathas sacitharis Youngaulst & Pattercon: Youngouil ot Down sy

0.788, pl.3,

1959 Polyeonatrus inornata Branson & Mcehl: Voges; p.291, pl,3k, figs.17-20,
(non pl.3k4 Tige.lP2-10 P. inurL@uu)

1969 Polyonsthug lacinatus lacinatus Huddlie: Rhodes, Austin & Druce;
0,189, pl.XI, figs.%-10c.

Diagnonis,

Tovcnolate polymethide with a marked longfitudinal extention of Lhe
Lipe of She basul eavity, which i often over half the length of the platform,

Descz{gtiog
The piatiorm 10 Lanc
narrowing toward the post
of the length of the plat
Orally, the platform

nlmost straight to strongly curved. Often the
platform =5 a short posterior blade; the carinal

fal
=1

s

his region.

D

eolnte, two
erior.

Torm.

ig ornamented by

Ain vnornamented trough runs on either

to three times

The free plade

strong

o
e}
92}

long as wide,

"
is

approximately one third
carina, which may be
carina extends beyond the
nodes are slightly larger in

side of the carina, and

1g accentuntod, nart

atrongly

PR S BT 2
uphurnoed

commonly

icglarly 2t the anterior end of the platform, by the

The cuter marcin of the platform

levaticn thon the in

o

er, nlintform itseld ie

ae

Pl

which t

ornamented by transver

margins, glving the unit

1atform ornament varies

N

as a whole. The

utline may

ridges terminate in denticles
a crenulate lateral outline.
considerably, as does

be almost straipght, convex,

The nature of

sl

on the platform

the

the outline of the platform

ightly lobed or
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nearly concave,

Iaterally, thz aboral

(SRS A

edge of the anterior blade is straight, while the
2 g5,

platform is arched. The anterior blade is high, consisting of six to eight

denticles which are discrete only at their tips. They are highest just
anterior of mid-length, decreasing regularly in height toward their junction

with the platform and the anterior edge, The carinal nodes are almost

totally fused, forming ar irregular vl

<o

, but, those forms with a short

dirplay larger, more disecrete denticles in this region.

fborally, the unit i very distinctive, the bazal cavity being large

and elongate. It is widest anteriorly, gradually narrowing posteriorly.
In addition tc the length of the basal cavity itself, the lips around the

cavity are even more conspicuous, being strongly extended both laterally and

L1y

longitudinalily. The Lipe extend further posteriorly than the cavity,
terminating within the posterior third of the platform, They narrow

posteriorly from their maximum development at the mid-point of the cavity.
There is a sharp anpular junction between vhe lateral margins of the cavity
lips 2nd the cloping aboral surface of the platform, The overall length of
thic aboral feature igs approximately threc-quarters of the total length of

the platform, =nd its development 1g bilaterally symmetrical,

A short grooved keel is present at the anterior and posterior ends of

the aboral surface.

Remarks,

This subspecies is distinpguished by the large basal cavity. Rhoders,

Austin & Druce (1969) remarked that forms described as P. marginata Bran~on
& Mehl, by Rexroad & Scott (1947, p.37) are recorded as having large basal

cavities and may be refershlc Lo P, lacinatus s.s. However. the absence of
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an aboral illustration deterred Rhodes et al from including P. marginata in

SYNONYIY .

Orally P. lacinatus s.s. i3 highly variable and often difficult to

distinguich from P, incrrnatus. The nature of the basal cavity 1s the most

listinctive feature, together with the narrower, more elongate, platform

A Few spocimens chow a bendency toward the reduction of the inner
posterior platform, which is the diagnostic feature of the subspecies,

P. lacinatus asymmetricus, However, this feature is not as obviously

developed as in specimens Tigured by Rhodes, Austin & Druce (1969), and for

thin veszon have been retained in the subspecies P, lacinatus lacinatus.

UL C

Material sztudisd. 51 specimens
Qccurrence, PR.16 - F.8
Catnl ous vom orn of the figured specimens, JW.205 - JW.210

Polygnathus cf. P. lacinatus Huddle, 1934

(P1.10, figs.9a-c, P1.11, figs.la-5b)

193L Polygnathus lacinata Huddle; p.95, pi1.8, figs.1-3.
Decscription.

The morphology of these forms is closely comparable with P. lacinatus s.=o,

with one minor exception. The large, elongate basal cavity, which is



165

diagnostic of P. lacinatus s.s., is present in these forms but not as fully
developed posteriorly. The lips surrounding the cavity taper posteriorly,
from their widest development adjacent to the basal pit, but they extend to
about the mid-pcint of the platform. The result of this is an elongate,
symmetrical, but more oval basal cavity outline, and a longer grooved
posterior keel than in P. lacinatus s.s. The longitudinal extension of the

cavity lips is less than half the total length of the platform.

Orally and laterally there are no significant differences between these

forms and P. lacinatus s.sS.

Remarks.
Polygnathus cf. P. lacinatus has the same stratigraphic range as

Polygnathus lacinatus lacinatus in the Pilton Beds, and should probably be

included as an infraspecific variant of the latter, It is possible, however,
that these forms represent a transitional stage between P. inornatus and

P. lacinatus s.s.

Material studied. 4L specimens
Occurrence. Pp.16 - F.8
Catalogue numbers of the figured specimens. JW.212 - Jw.217

Polygnathus cf. P. nodomarginatus E.R.Branson, 1934

(P1.11, figs.9a-10c; Pl.12, figs.2a-c)

1934 Polygnathus nodomarginata E,R.Branson; p.310, pl.25, fig.10,
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Diagnosis.

A nearly bilaterally symmetrical platform which is lanceolate in outline.
The oral surface is ornamented by a nodose carina and lateral nodes which are
restricted to the upturned margins of the platform. The basal cavity 1is
exceptionally large, and bears prominently flared lips. The cavity has an

asymmetrical outline and is closely comparable with that of Pseudopolygnathus.

Description.

The platform is lanceolate in outline and nearly bilaterally symmetrical.
The margins of the antericr portion of the platform are subparallel, at
approximately mid-length there 1s an expansion in the width of the platform
and from here it tapers rapidly to a sharp point at the posterior tip of the

unit.

The carina is s prominent feature, composed of parially fused, rounded
nodes, which tapers gradually from anterior to posterior. It is low,
nearly straight or only gently curved, and sometimes extends beyond the limit
of the platform forming a short posterior blade. Anteriorly the carina
meets the high anterior blade and the junction is marked by a considerable
change in elevation. The anterior blade is composed of 4-6 denticles which
are laterally compressed and discrete only at their tips. It is highest
at about mid-length from which point it drops sharply to the level of the
carina. The blade is about one third of the total length of the unit, and

is as high as it is long.

The platform margins are strongly upturned, particularly at the anterior
end of the unit, and unornamented troughs parallel the carina from anterior
to posterior. The upturned edges of the platform are ornamented by low, short,

transverse ridges which terminate in blunt nodes on the lateral margins.
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Laterally the units are straight or gently arched. The upturned margin
of one side of the platform attains a greater height than the carina, while

the other equals the carina in elevation.

Aborally these forms bear prominent grooved keels running anteriorly
and posteriorly from the basal cavity. The cavity itself, which is located
at the anterior end of the platform, is large, elongate and displays thick,
prominently flared lips which are strongly developed both laterally and
Longitudinally. The outline of the cavity is asymmetrical and the aboral

surface, as a whole, is typical of Pseudopolygnathus.

Remarks.

Aborally this species closely resembles Pseudopolygnathus, but the oral

morphology is more typically polygnathid in nature.  Thus, there are valid
reasons for assigning such forms as these to either of these genera. 1In
the vast, it has been the practice of most workers to refer these forms to
the genus Polygnathus, and this philosophy has been followed herein. This

indicates a close relationship between Polygnathus and Pseudopolygnathus,

which may be of genetic or merely functional significance.

These Pilton forms, and polygnathids from other Upper Devonian sections
which have been referred to this species, are considered to be homeomorphs of

the Polygnathus nodomarginatus development in the Hannibal of the Mississippi

Valley and the Avonian of Bristol.

Rhodes, Austin & Druce (1969) prefer to consider these forms as
pseudopolygnathids rather than polygnathids, thus in their publication these

elements are systematically described under Pseudopolygnathus nodomarginatus

(pp.212-213, pl.9, figs.l-U4, pl.12, figs.ba-8c, 10a-c).



Material studied. 12 specimens
Occurrence. PB.16 - PB.35
Catalogue numbers of the figured specimens. JW.221 - JW.223

Polygnathus pura pura Voges, 1959

(P1.10, fig.l0a-c.)

1959 Polygnathus pura pura Voges, p.291-292, pl.34, figs.21-26.

Diagnosis.
Voges's original description of this subspecies may be translated as
follows: -
"A species of the genus Polygnathus which has a platform which is flat
or only gently arched. The oral surface of the platform is smooth
even when it is finely grained. The platform outline is asymmetrical
and leaf-like, pointed posteriorly. The platform is a half to two-
thirds of the total length of the unit. The carina is composed of
broad, fused nodes, but the individual nodes are nevertheless
discernable. A small basal cavity is located in the anterior third

of the platform, on the aboral surface'.

Description.

The platform is flat to very gently arched, and except for the carina
it is smooth and unornamented. The maximum width of the platform is
developed anteriorly, and it tapers asymmetrically to a point at the posterior

end. The cutline of the platform as a whole is pear-shaped. The carina
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and the anterior blade merge together and consist of many fused nodes, which
are only discrete at thelr tips. The carinsg curves over the oral surlace

of the platform, terminating just short of the posterior extremity.

The anterior blade iz highest anteriorly, gradually becoming smaller
toward the posterior, where 1t merges with the carina. The carina continues

to gradually decrease in height posteriorly.

Aborally, a small basal cavity 1s visible, corresponding to a point
Just posterior to the Junction of the anterior blade and the platform on the
oral surface. A fine, thin keel runs from the cavity to the posterior and

anterior extremities of the unit.

Remarks.

This subspecies is distinguished from P. pura subplana Voges, by its flat

or gently convex platform. The platform of P. pura subplana displays

unturned margins, particularly in the anterior and central thirds. Members

of this subspecies, and those of P. pura subplana, are very similar to

to P. communis in oral view, but may be distinguished by a less slender
platform, and the absence of a depressed, flattened area immediately posterior

to the basal cavity.

Voges includes three specimens of P. communis illustrated by Bischoff
(1957, pl1.2, figs.23,25,26.) in synonymy, but the author is reluctant to do
this because two of these figured specimens are of the oral surface, while
the one that does show an aboral view is obscure in the critical region.
Furthermore, Bischoff (1959, p.l4t2) mentions, in his description of P. communis,
that all the forms that he assigned to this species possessed the

characteristic depression immediately posterior to the basal cavity.
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Material studied. - 1 (one) specimen

Occurrence, 7.8

6]
-
o

Catalogue number of th igured specimen. JW.211

Genus PRICNIODINA Bassler, 1925

(P1.13, figs.l2a-13b)
(Text fig.53)

1925 Prioniodina Bassler, p.219

1926 Prioniodina Ulrich & Bassler, .18

193k Subbryantodus Branson & Mehl, p.285

Type species. Prioniodina subcurvata Ulrich & Bassler, 1926,

Bassler (1925) erected the genus Prioniodina, and one year later, he

and Ulrich publiched the following description of this group of concdonts.

"Base of tooth more or less curved, crowned with numerous, subparallel,
rounded, discrete denticles all inclined in one direction, one of which,

located in the median third, i1s considerably larger than the others".

Branson & Mehl (1934b) erected the genus Subbryantodus for essentially

similar forms, which differed from Prioniodina in possessing fused oral
denticles and a tendency toward a split aboral edge. Rhodes, Austin &
Druce (1969) consider that the differences cited by Branson & Mehl (1934b)
do not warrant the erection of a separate genuc, and they consider

Subbryantodus as a junior subjective synonym of Prioniodina. The

suppression of the genus Subbryantodus has been followed herein.
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The modern diagnosis of Prioniodina is essentially the same as that
initiated by Ulrich & Bassler (1926) except that the basal cavity of this
genus, and other members of the Family Prioniodinidae Bassler, is considered
to be typically developed at or near the posterior end of the blade or bar.
Diagnosed thus, they can be readily distinguished from the members of the
Family Prioniodontidae Bassler, (e.g. Ozarkodina) which are characterised

by a basal cavity which is located in the middle third of the unit.

The figured specimens of the genus Prioniodina are represented by a

single species.

Material studied. 22 specimens
Qccurrence. PB.2 - PB.10
Catalogue numbers of the figured specimens. JW.248 - Jgw. 249

Genus PSEUDOPOLYGNATHUS Branson & Mehl, 1934

(Fig.54)
1934 Pseudopolygnathus Branson & Mehl, p.297
1939 Macropolygnathus Cooper, p.392
Type species. Pseudopolygnathus prima Branson & Mehl, 1934, p.298

This genus was first identified by Branson & Mehl (1934b), from the

Bushberg Sandstone of North America. Their description was as follows:-

"Teeth consisting of a thick plate, lanceolate and arrow-shaped,

pointed posteriorly with a free, wide, vertical blade which extends
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considerably in front of the plate margin. Blade grading into a
disbinet carina which divides the oral side of the plate into two
lateral areas or platforms of unequal lateral and anterior extent.
Oral surface of each platform traversed by coarse sharp transverse
ridges and deep intervening valleys, most of which extend from the
margin of.the plate to the carina. Aboral side smooth save for an
exceptionally large navel at the anterior end of the plate and a
proncunced keel that extends from the navel to the posterior end of
the plate. In most specimens the navel is wider than long and is

more or less set off from the plate surface by a raised margin".

Pseudopolygnathus, although showing a certain oral resemblance to

Polygnathus Pander, is developed from the genus Spathognathodus Branson &
Mehl. Specimens have been found which show a complete gradation between

Spathognathodus and Pseudopolygnathus.  The latter is easily distinguished

from Polygnathus by the anterior position, and greater size of the basal
cavity. The cavity of Polygnathus is located at mid-length and is slit-
like in appearance. Branson & Mehl further maintain that orally the sharp
transverse ridges, at about the level of the carina, and the deep intervening

valleys, also serve 1o distinguish Polygnathus from Pseudopolygnathus.

However, specimens from the Avon Gorge and Croyde Bay have aboral cavities
which are either tygically polygnathid or pseudopolygnathid in nature, and

yet their oral morphology is identical.

Cooper (1939), described a prolific conqdont fauna from a Bushberg-
Hannibal horizon in Oklahoma. From this fauna he identified a new genus

which he named Macropolygnathus (p.392), and 19 species of this genus.

Hass (1959), and others, considered that Macropolygnathus (Cooper) was a

junior subjective synonym of Polygnathus Hinde (1879), and Hass has referred

the former genus its type species, Macropolygnathus itha, and the other
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18 species of this genus to the species Polygnathus allocata (Cooper).

Rexroad & Scott (1964) stated that the nature of the basal cavity of

Macropolygnathus itha suggested that this form was more closely related to

Pseudopolygnathus than Polygnathus, and the location of forms transitional

between Macropolygnathus itha and Pseudopolygnathus fusiformis substantiated

this theory. Many authors have expressed their agreement with this line

of thought and in this thesis Macropolygnathus is included in synonymy with

Pseudopolygnathus.

THE DEVELOFPMENT OF PSEUDOPOLYGNATHUS

Much has been published on this topic and in general most authors agree
thmt his genus has been derived from the spathognathodids. — Bransen & Mehl
(1934b) observed this development, and reported a series of transitional

forms between the two genera.

Hass (1959) figured a sequence of paratypes of Pseudopolygnathus

lanceolata Hass (Pl.k7, figs.19-26). The smaller paratypes, figs, 20 & 21,
which Hass calls juveniles of P. lanceolata, are spathognathodid elements,

fig.2l being a straight-bladed spathognathodid with three lateral denticles.

Voges (1959) pp.295-301 examined the derivation of Pseudopolygnathus

from Spathognathodus in his study of conodonts from the Gattendorfia and

and Pericyclus Stufen. He subdivided the Gattendorfia Stufe, Cul, of the

Hangenburg-Kalk at the Honnetal Railway Cutting into three zones with the
aid of pseudopolygnathid species. His studies led him to conclude that

Pseudopolygnathus prima and certaln other pseudopolygnathids which were

bilaterally asymmetrical were developed initially from Spathognathodus c.f.

costatus sensu Bischoff & Ziegler, by the addition of denticles on the inner
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side of the platform of right forms and the outer side of left forms.

Voges recognised two forms within the Spathognathodus costatus group, a

right and a left form, whose basal cavities were bilaterally symmetrical,
Both forms were bilaterally asymmetrical in that the outer margin of the
platform of right forms and the inner margin of the left forms were convex,
In the right forms there was a row of nodes or ridges on the ocuter side of
the platform which extended for three-quarters of the length of the unit,
and in left forms thig row of nodes and ridges occurred on the inner side

of the platform. Small left forms usually showed no nodes on the outer
side of the platform, although one or two may be present in larger specimens.
Voges further recognised two variations of right forms which today are

considered as two separate species, Spathognathodus spinulicostatus ultimus

Ziegler, and Spathognathodus spinulicostatus spinulicostatus (renamed

Spathognathodus zeigleri Rhodes, Austin & Druce 1969.  Both variations

showed a secondary row of nodes on the inner side of the platform extending
posteriorly from the middle of the basal cavity. The form now called

Spathognathodus costatus ultimus showed more strongly developed secondary

nodes with a furrow replacing the blade nodes in the posterior third of the

unit. Thus Voges interpreted Spathognathodus ziegleri and 3. costatus

ultimus as the right forms and 3. costatus as the left form of the same
species. It was Ziegler (1962) who found left forms of §. ziegleri and

S. costatus ultimus and right forms of S. costatus costatus, (renamed

Sp. bischoffi, Rhodes, Austin & Druce 1968).

The following is a summary of the development of Pseudopolygnathus prima

from Spathognathodus cf. costatus as documented by Voges (1959, p.296, fig.h).

Voges identified three stages of development (see Figures5s); Stage I was

represented by the Spathognathodus ci. costatus group, and from this Stage Ila

was derived, represented by Pseudopolygnathus dentilineata, by the addition of
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denticles on the outer side of left forms and the inner side of right forms.
The basal cavities of right and left forms were bilaterally symmetrical, but

the two halves of the basal cavity of individual elements were bilaterally

asymmetrical. This nature of the basal cavity was retained during the
further development of the oral surface of the P. prima group. Stages 1llb

and 1llla were represented hypothetically by P. foliacea E.R. Branson and
P. apetodus Cooper. According to Voges, these stages developed by the
extension of nodes and ridges, towards the anterior on the outer side of
the platform in left forms and on the inner side in right forms, and also
the extension of the nodes and ridges of the opposite side of the platform
to a point nearer the anterior extremity. A symmetrical element was
present in the platform ornament when the inner anterior angle of the
platform of right forms and/or the outer anterior angle of left forms was

accentuated, Stage 111b is represented by P. triangula inaequalis from

which developed P. triangula triangula, both these subspecies were symmetrical

elements in terms of oral denticulation.

Klapper (1966) expressed his agreement with Voges that P. dentilineata

probably developed from double-rowed forms of Spathognathodus (see Voges

1959, p.296, Tagel 5). He qualified his remarks by noting that this

development at least applied to the Lower Carboniferous forms of P. dentilineata.

In his discussion of Voges's interpretation, Klapper suggested that Stages 1lb
and 1lla, said to be hypothetical, were possibly equivalent to P. foliacea
and P. apetodus respectively. He considered both these species to be junior

synonyms of Pseudopolygnathus prima, Stage 1lb (2. foliacea) corresponding

to an early representative of P. prima, still transitional with P. dentilineata,

and Stage 1lla (p. apetodus) corresponding to a more advanced form of P. prima.

Klapper regarded specimens such as P. irregularis Branson (1934) pl.26,

figs. 25 & 26, as being transitional between P. prima and E. dentilineata.
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He stated that the distinction between these two species was purely arbitrary,
based on the size of the basal cavity relative to the width of the platform.
Klapper further noted that if it was accepted that P. apetodus (Voges

Stage 11la) was equivalent to P. prima, then P, triangula inegualis (Voges

Stage 111b) probably developed from P. prima in the manner suggested by
Voges. Another point of interest recorded by Klapper was that the basal

cavity of P. triangula trianguls was referable to the genus Polygnathus in

a strict morphological sense. However, P. triangula inaequalis hagd a

typical pseudopolygnathid cavity and Voges's lineage (Abb.S, p.297, 1959)
showed a consistent trend toward the reduction of the basal cavity.
Klapper stated that this phylogenetic evidence should be given precedence

over morphological similarities and thus P. triangula triangula should be

retained in the genus Pseudopolygnathus.

Rhodes, Austin & Druce (1969) concluded that there had been three separate

developments of the genus Pseudopolygnathus in the type Avonian of Great

Britain. One in the Lower and Middle part of the K zone, a second at the
base of the 71 zone and a third in the Middle and Upper part of the Z1 zone.
He stated that all three developments had been along similar lines, the
starting point of each being a straight-bladed Spathognathodid with lateral

denticles. Austin compared specimens of his Pseudopolygnathus vogesi

development, from the Lower and Middle K zone, with specimens from the

Pseudopolygnathus dentilineata development of Voges (1959).  Similarly he

compared Pseudopolyqnathus prima, from the Lower Z1 zone, with forms from

the stage Voges referred to as "having specimens similar to P. foliacea and

P. apetodus".

Rhodes, Austin & Druce (1969), in their report on the Avonian conodont
Taunas of Great Britain, remarked that "since the laterally nodose

spathognathodids, which gave rise to the pseudopolypgnathids, are homeomorphic
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and at least three chronologically distinct evolutionary lines have been

demonstrated, it follows that the genus Pseudopolygnathus is polyphyletic".

The authors stated that the forms from the Lower K zone arose from the
platform evolution of Upper Devonian toVl nodose spathognathodids, while
those from the Upper Z zone can been seen to have evolved directly from

forms which the authors have renamed Spathognathodus costatus costatus

(previously Spathognathodus costatus Branson). The latter form of

Spathognathodus is restricted to the Lower and Middle Zone. The two

youngest pseudopolygnathid developments in the Avon Gorge of Great Britain
are referred to the same phylogeny as that described by Branson from the
Hannibal of Missouri. The third and oldestvdevelopment, P. vogesi n.sp.
Rhodes, Austin & Druce, is regarded as a separate phylogeny and a homeomorph
of the younger pseudopolygnathid forms. The stage of development in Voges's

fauna represented by P. triangula inaequalis and P. triangula triangula is

not represented in the Avon Gorge, where P. multistriata developed from

P. prima.

Rexroad and Scott (1964) suggested Spathognathodus aculeatus (Branson &

Mehl) and Spathognathodus anteposicornis Scott, as possible ancestors of

the genus Pseudopolygnathus. They also included P. striata Mehl & Thomas

in synonymy with P. multistriata Mehl & Thomas.

In the Pilton Beds of North Devon, the two most abundant genera are

Spathognathodus and Pseudopolygnathus. The former is present throughout

the succession and the latter restricted to the upper two-third. Although
the faunal evidence does not afford complete gradation along similar lines
to that documented by some of the authors quoted above, the mere existence

and stratigraphic location of S. aculeatus, S. bischoffi, S. ziegleri and

P. dentilineata in the Pilton succession, tend to endorse the supposition
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that Pseudopolygnathus was developed from Spathognathodus. However, the

evidence from the Pilton Beds suggests that the derivation of Pseudopolygnathus

dentilineata may have been twofold: firstly, through the Spathognathodus

costatus group, as documented by Voges (1959), and secondly, directly through

Spathognathodus aculeatus, as postulated by Rexroad & Scott (1964).  This

second alternative trend of development is briefly mentioned in the remarks

on Spathognathodus aculeatus nodosus (p. 209). This sub-species is considered

as the last stage in the development of Spathognathodus aculeatus before it

gave rise to a pseudopolygnathid form similar to that described later as

Pseudopolygnathus sp.nov. (p. 196). Evidence of this path of development is

further substantiated in the Lower Pilton Beds by the presence of several

specimens which are identical to S. aculeatus nodosus except for the presence

of a fine narrow ridge on the inner side of right forms and the outer side of
left forms. This ridge is developed posterior to the single node which

characterises the sub-species 5. aculeatus nodosus. Theoretically, such

forms still have only one node on this subspecies. However, this ridge is
obviously the precursor of other denticles, which 1f developed would define
the specimen as a pseudopolygnathid. Whether or not these forms with ridges
aretconsidered to be one genus or the other is of little importance, as they

are truly transitional. The stages of development from Spathognathodus

aculeatus through S. aculeatus nodosusto Pseudopolygnathus are shown

diagramatically in Figure 56.

Whether or nobt this trend ultimately gave rise to P. dentilineata in

the Lower Pilton Beds cannot be stated with any certainty, it may have ended

with forms like Pseudopolygnathus sp. nov. However, it 1s possible that

the latter forms did give rise to P. dentilineaté and consequently this

alternative development of Pseudopolygnathus may be of more sighificance than

implied herein.
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Orientation.

Taking Pseudopolygnathus dentilineata as the example, the curvature of

the longtitudinal axis is a bilaterally symmetrical element. The ornamentation
of the oral surface, the shape of the basal cavity and cross-section through

the blade near the platform are bilaterally asymmetrical elements. The

two sides of the basal cavity and of the platform of an individual right or

left form are also bilaterally asymmetrical, although some specimens show the
former feature to be almost symmetrical. The inner and outer platform margins
of these conodonts are convex in both right and left forms. Individuals

are designated as being right or left by orientating them with the anterior

blade placed forward and then noting the curvature of the longtitudinal axis.

Identification of the Pseudopolygnathids in the Pilton Beds,

Some of the most recent ideas on pseudopolygnathid taxonomy were
forwarded by Klapper (1966), in which he expressed his agreement with Voges

(1959) that P. dentilineata was transitional with Pseudopolygnathus prima.

Klapper considered the arbitrary distinctlon between these two species to
be that the basal cavity of P. dentilineata was as wide as the platform
whereas that of P. prima was more restricted. Furthermore, the margins

of the basal cavity were more flared in P. dentilineata. Thus, Klapper

disregarded specific identification on the basis of variation in the oral
ornament, for these species. The author is in agreement with this approach

in the light of the vast variety of platform ornamentation possible.

Rhodes, Austin & Druce (1969) considered P. vogesi from the Avon Gorge

to be homeomorph of P, dentilineata Branson, and similar but not identical

to P. dentilineata Voges. Klapper's diagnosis of'g. dentilineata would

include P. vogesi Rhodes, Austin & Druce (1969), and it is also interesting

to note that Klapper placed a great many named pseudopolygnathid species in
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synonmy with P. prima. He stated that "They were proposed primarily on the
basis of details of the upper surface ornamentation, here regarded as within

the range of intraspecific variability".

At any one horizon in the Pilton Beds, containing pseudopolygnathids
of sufficilent number, the variety of platform shape, denticle number and
arrangement is found to be diverse. However, it was readily recognised that

many of the elements could be veferred to the species Pseudopolygnathus

dentilineata Branson. Forms similar to Pseudopolygnathus vogesi were found

in association with P. dentilineata at a2ll horizons where the latter was

present, as were forms which orally resembled Pseudopolygnathus multistriata.

The author considers that the forms similar to P. vogesi are infra-specific

variants of P. dentilineata and that the fact that the former shows ridge-

like denticles does not warrant the erection of a separate species in the
Pilton Beds. Both forms have identical pasal cavities and there are a
variety of intermediates between them. However, in the Lower and Middle
K zone of the Avon Gorge, there may be a valld case for isolating this

particular variant of P. dentilineata and designating it as a separate species,

s here it is nob associated with any other pseudopolygnathids.  Klapper's

diagnosis of P. dentilineata includes several of the morphological features

regarded as characteristic of 2. VOgESi.

No forms identical with Pseudopolygnathus prima have been located in the

Pilton Beds, but there are forms in which the nodes have become either
thickened and ridge-like or else, simply more numerous on both sides of the

platform. Such specimens are treated as varieties of P. dentilineata, since

the basal cavity is not restricted but is typical of that described for

P. dentilineata by Klapper (1966).  Like the forms similar to P. vogesi and

those which resembled P. multistriata, these forms are always found wherever

E. dentilineats is found.
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The specimens which orally are similar to 2. multistriata are aborally

dissimilar, in that they also have basal cavities which are not restricted
but the same width as the platform. On this basis they are inciuded as

further variants of the species P. dentilineata.  Klapper (1966) calls

P. multistriata and P. dentilineata homeomorphs, distinguished only by the

difference in their basal cavity dimensiors. Because they can be distinguished
in this way they sre not true homeomorphs,but rather near homeomorphs. Thus,

according to Klapper's classification, the present author's use of the phrase

'forms which orally resemble P. multistriata’ is invalid, because the oral

surface cannot te used as a criteria for distinguishing P. dentilineata,

P. multistriata and P. prima. Klapper's diagnosis serves to describe all the

pseudopolygnathids recovered from the Pilton Beds.  His diagnoris is:-
"Right side of the platform more fully developed anteriorly along blade.
Single row of large nodes or ridges on each side of the platform. Bacal
cavity covers entire width of platform in mature specimens and hag

flaring margins’.

Tor the reasons cited, the pseudopolygnathid population of the Pilton

Beds is considered to be represented by a single species, P. dentilineata,

with the exception of only a few specimens.  Although variation in oral
ornamentation is diverse, this is regarded as infraspecific variation. The
basal cavity of all the pseudopolygnathids studied is consistently large and

flared, with no evidence of restriction.

A few mature specimens from three of the lowest horizons at which
pseudopolygnathids have been found in the Pilton Beds, still possessed a large
flared cavity, but were of particular interest for three reasons. (a) The
platform was restricted to the mid-third of the unit, usually overlapping

slightly into the anterior Luird. (b) The platform supported only 3 or L
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denticles on either side of the carina even in mature forms. (c) These forms
were restricted to the three horizons mentioned, and at one of these horizons
were the only pseudopolygnathid representatives found. Such forms could be

interpreted as further variants of P. dentilineata, but the position and

chape of their platform, and more important their restriction in terms of
stratigraphic occurrence, has prompted the author to treat them as a separate

species, Pseudopolygnathus sp. nov.

INFRASPECIFIC VARIABILITY IN PSEUDOPOLYGNATHUS DENTILINEATA E,R.BRANSON IN

THE PILTON BEDS OF NORTH DEVON.

Seott and Collinson (1959) stated that:-

"Conodonts lend themselves to studies of variability because (1) specimens
are exceedingly abundant; (2) the stratigraphic occurrence of conodonts

in Paleozoic rocks, despite the gaps apparent in the literature, is one

of the most nearly complete in the fossil realm; (3) each specimen

carries a record of its ontogenetic history; (4) preparation and
examination of great numbers of specimens is both easy and rapid; and

(5) conodonts are resistant to weathering and to abrasion so that specimens
sre commonly perfectly preserved and are suitable for detailed study".

The suthors further noted that variation had received only scant attention

and that it was common to find 10-20 subjective synonyms for a single species.

In their publication, Scott & Collinson (1959), described the infraspecific

variation that they recognised within the species Palmatolepis glabra Ulrich &

Basgler. They interpreted groups of infrapopulation variants, not as separate
species, but as ‘morphotypes', which were each distinguished by a Greek
letter. The authors pointed out that further studies of P. glabra populations

may indicate that one or more of the morphotypes differ sufficiently from
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other palmatolepids to warrant individual specific names. However, until
thattime occurs, the conodont worker is not "burdened with a lot of
arbitrarily defined species which are gradational and may be without
stratigraphic value'. Given the correct clircumstances, all species could

probably be seen %o be time gradational.

In the present study of P. dentilineata, the author achered closely

to the methods of Scott & Collinson, as this approach was considered to be
the most suitable in the interpretation of the pseudopolygnathid population
of the Pilton Beds. The preceding quotation from the work of these authors
is considered to be most relevant to the problem at hand, in that the

variants of Pseudopolygnathus, in the Pilton Beds, have no individual

stratigraphic value with the exception of Pseudopolygnathus sp. nov.

CONSTRUCTION AND INTERPRETATION OF THE INFRASPECIFIC VARIATION DIAGRAMS
(FIGS. 57 & 58)

Variability within a population was just one of three types of
infraspecific variation summarized by Muller (1956, p.1330 & 1331). The
two other types he noted were (vb) variation within a single natuial
assemblage and (c) ontogenetic transfromation.  To these three categories
Scott & Collinson (1959) added (d) the effect of injury and regeneration

and (e) variation produced by genetic trends and natural selection,

In the following discussion the present author is dealing with normal
infraspecific variation, or variation within a population. The term
population is used loosely. The principal morphologic variants found in
the Pilton Beds are illustrated in Figure 57, and the frequency distribution
of these variants recorded graphically in Figure 58. Trueman et =i,

(in Imbrie, 1957) devised a similar technique to that of Scott and Collinson,
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with one major difference. Whereas Trueman et al interpreted the
infrapopulation variants as separate species, Scott & Collinson chose to
use the term 'morphotypes', as applied by Sylvester-Bradley (1958), for

their major groups of variants.

At this juncture it is convenient to repeat that the nature of the
aboral cavity is a non-variable feature, the variability dealt with herein

being only that which occurs in the oral ornamentation.

Figure 57 was constructed as follows:- Iwo hundred mature specimens of

Peeudopolygnathus were isolated from a single horizon, PB.16. The only

criteria used in choosing these specimens was that they were mature and
ccsentially unbroken (the anterior blade was missing in a great number of
specimens). No athention was pald to the oral ornamentation at this stage.
With the aid of photographs the variants were sorted into groups with
morphological similarities, and a total of four groups were recognised by
the author. As stated by Scott & Collinson, "this division is somewhat
arbitrary and other workers might recognise fewer or more groups. It is
doubtful, however, that such differences would significantly affect the
conclusions drawn herein'. The figure was then constructed placing one
specimen, representing the most common form present in the population, in

the centre. This centrally illustrated specimen is similar, but does not

conform precizely to the original description of P. dentilineata by Branson

(1934).

Thirteen other specimens are illustrated in Figure 57 to show the type
and range of variability found. These specimens are arranged concentrically
around the central specimen, those furthest from the centre are thought to
show the greatest degree of variation from the 'normal’ form. The trends

of divergence are indicated by the arrows e.g. trend 1 is considered to
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represent the development of ridge-like denticles and intervening furrows
on one side of the platform, with or without an increase in the number of

denticles.

In the construction of Figurc 58 the present author preferred to
deviate from the methods of Scott & Collinson. The frequency distribution
diagram used by these authors gave only a very generalised picture of the
density statistics, whereas the plot used herein represents the figures
more lucidly and simply. Figure58 indicates graphically the freguency
distribution of the individual variants recognised within each morphotype.
Purthermore it readily shows the relative frequency of each morphotype as

a group.

The maximum length of the platform of the outer side of right forms,

and the inner side of left forms, is considered to be satisfactory criterion

for indicating the ontogenetic stage of development of P. dentilineata.
The platform length of all 200 specimens used in the construction of Figures

57 & 58 was greater than 0.64 mm.

DESCRIPTIONS OF THE MAIN GROUPS OF VARIANTS OF P, DENTILINEATA.

Theoretically each variant in Figure57 should be described individually,
but as four arbitrary groups have been recognised, it is more practical to
restrict descriptions to these well defined collective units, which are based
solely on the 200 specimens used‘in the construction of the variation
diagrams. It must be remembered that the descriptions of these four groups
of 'morphotypes' are generalisations expressing only the major variations in

the P. dentilineata population. There are an infinite number of other minute

variations, in denticle number and shape, which are unspecified in Figure 57
To clarify this let us consider a hypothetical trend showing an increase in

denticle number from five to nine; apart from the end members of this trend,
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forms with six, seven and eight denticles would have been observed but they

would not have been recorded in the diagram.

The bilateral asymmetry of the units means that the descriptive terms
'outer side of the platform of right forms' and 'inner side of the platform
of right forms' used in the following paragraphs, also imply a corresponding
development of the 'inner side of the platform of left forms' and 'outer side

of the platform of left forms' respectively.

MORPHOTYPE I (PL.4, figs.9a-10c; PL.5, figs.la-2c)

This group is characterised by a marked thickéning of the denticles,
(5 or 6 in number), of the outer side of the platform of right forms. The
net result is the production of prominent ridges and alternating furrows,
which traverse this side of the platform and are in contact with the carina.
The denticles of the inner side of the platform of right forms show no change,
remaining the same size, shape (nodose) and number (usually one more than the
opposite side of the platform) and furthermore they remain restricted to the
margin of the platform. Of the 200 specimens studied, 33 are members of this

morphotype.

Within this group; two trends are recognisable, the first, trend a, shows
even further thickening of the 5 or 6 ridge-like denticles on the outer side
of the platform of right forms, without any other significant change in the
conodont platform. The second trend, trend b, shows the development of
more numerous ridge-like denticles (maximum number 8) on the outer side of
the platform of right forms, while the opposite side of the platform undergoes
no change other than corresponding increases in the number of nodose denticles.

There may or may not be further thickening of the denticles of the outer side
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cof right forms. A further result of both trends a and b is to lose the

discrete denticulation of the posterior third of the carina.

Trend a results in forms which are similar to P. vogesi, from the Avonian
of the Avon Gorge. Austin (personal communication) has encouraged the

present author in his consideration of these forms as variants of P. dentilineata,

and it would seem that Austin now thinks that he was incorrect in establishing
2 new species, locking upon the first development of pseudopolygnathids in

the Avon Gorge as a P. dentilineata development. However, as explalned

earlier, these are the only pseudopolygnathids found in the Lower and Middle K
zone of the Gorge, and the present author contends that there may be a case

for isolating this particular variant of P. dentilineata, and elevating it to

a speciles.
MORPHOTYPE II (P1.5, figs.3a-7c)

This group is represented by only a small number of specimens, 19 in all,
and is characterised primarily by the development of an offset, accessory
denticle on the inner side of the platform of right forms. This denticle is
located between the third and fourth platform denticle from the anterior end
of the unit. Once again two trends can be recognised namely,‘trend ¢ and
trend d. Trend ¢ is toward the development of a platform bearing denticles
which are all nodose and restricted to the margins. The number of denticles
on each side of the carina is either 6 or 7. Trend d variants show the
denticles of the outer sidé of the platform of right forms to become ridge-like,
crossing the platform to meet the carina. Those denticles on the opposite
side of the platform are restricted to the margin. The end products of
trends ¢ and d are very similar in overall appearance to those of trend T,

Morphotype ITII and trend b, Morphotype I respectively, but are differentiated
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by the presence of the accessory lateral node. Both trends ¢ and d are

equally common with regard to numbers of specimens.

Having pointed out that specimens of Morphotype II can be referred to
both Morphotypes I and IIT, this emphasises that these groups are purely
arbitrary and often based on the presence of just one common character, in

this cacse the development of an accessory lateral denticle.

MORPHOTYPE III (Pi. 5, figs.B8a-9c; Pl. 6, figs.la-hc)

This group is characteristed by the restriction of the 5 or 6 platform
denticles, on both sides of the carina, to the margins of the platform.
A well marked trough occurs between the denticles and the carina, on both sides
of the platform. The denticles are nodose, and two trends of variation are
recognised within this group. Representatives of this Morphotype are twice
as numerous as the next largest group. Many of the forms of this Morphotype,
which show only a small degree of civergence, are very similar to the original

description of P. dentilineata Branson (1934). Trend e indicates further

regression of the denticles toward the platform margin, where they become
rounded in shape. The denticles are still 5 or 6 in number on either side

of the platform. This is the most prominent trend.

Trend f is toward a unit in which the denticles are restricted to the
margin but are more numerous on both sides of the platform, The maximum
number of denticles increases from 5 or 6 to 9 or in rare cases 10, The den-
ticles retain their triangular shape as opposed to becoming rounded. In
Figures 57 & 58 there is one illustration which is not directly included in
either trend. A few specimens achieve the ultimate development of both trends
e and T, having rounded denticles restricted to the margin and more numerous

denticles. Such specimens may be derived from either or both trends.
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.The result of trend £ 1s not unlike representatives of the species,
P. prima Branson & Mehl, but differs in that the basal cavity is unrestricted
and it bears no lateral lobe on one side of the platform. It is considered
that these variants are homeomorphs of P. prima from the Avon Gorge, and from

the Cul of Germany.

MORPHOTYPE IV (P1.6, figs.Sa-Tc)

Specimens displaying an increase in the number of denticles, of the order
of one to three, on each side of the platform, together with a tendency for
these denticles to become ridge-like on the outer and inner posterior side
of the platform of right forms, are ascribed to this group. The anterior
portion of the inner side of the platform of right forms bears a prominent
unornamented trough between the marginal nodes and the carina,. As g result
of this the inner anterior portion of the platform is lower on the carina
than the outer anterior portion in right forms. Two trends can be
recognised, the most important being trend h, in which, the ridge-like
nature of the denticles extends over the whole platform on both sides of the
carina. In a few specimens the most anterior denticle on the inner side of
the platform of right forms mey be the only exception, in that it fails to
extend to the carina. There is no prominent trough present and these forms
are identical, orally, to P. multistriata Mehl & Thomas, although, aborally,
the basal cavity is as wide as the platform, and is not restricted. (Klapper

(1966) considers P. multistriata Mehl & Thomas to be a Lower Osage homeomorph

of E. dentilineata). The present author considers P. multistriata Mehl &

Thomas to be a homeomorph of this variant of E. dentilineata.

Trend g chows that the ridge-like denticles remain restricted to the

outer and inner posterior portion of the platform; in right forms, however,
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the inner anterior itrough is lost. The inner side of the platform of right
forms tvecomes elevated to a position higher on the carina, so that the
platform on both sides of the carina 1s of egual height. The result of this
is tc suppress the trough, and this, together with the elevation of the

platform, constitutes trend g.

CENTRAL SPECIMEN (P1.7, figs.la-T)

This type of specimen represents over 25% of the total number of conodonts
used in this variation analysis. It is characterised by the presence, on the
cuter and inner sides of the platform of right forms, of 5 and 6 denticles
respectively. The denticles of the outer side of right forms are intermediate
between nodose and ridge-like, in two senses. Firstly, they are intermediate
in their actual shape, many of the individual denticles being tear-shaped in
outline, tapering toward the carina. Secondly, forms are found in which a
few of the 5 deﬂticles are ridge-like, almost reaching the carina, while the

rest are nodose and rounded, restricted to the margins of the platform.

THE NATURE OF THE BASAL CAVITY

Figure 59 was constructed to show the basal cavities of the specimens
used tc illustrate oral variation in Figure 57. A3 can be seen from

Figure 59 the aboral similarity of all the specimens is most striking.

To further illustrate the consistent nature of the basal cavity of the
pseudopolygnathids in the Pilton Beds, a series of graphs has been constructed.
The graphs in Figures 60 & 61 expreés the maximum width of the basal cavity
as a plot against the maximum width of the platform. A separate graph is
constructed for each of the Morphotypes outlined in the previous pages.

All the graphs plotted as straight lines indicating a constant relationship
between the basal cavity and platform width, and furthermore the lines were

all at an angle of 45° indicating that the widths of these two morphological
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FIGURE 60
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FIGURE ©1
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features was essentially the same for any one individual. A comparison of
the 4 graphs indicates that none of the major groups of variants has
restrictad basal cavities, but rather cavities which are as wide as the oral
platforms. Specimens from horizons throughout the Lower Pilton Beds were

used in plotting this data.

Two other graphs were constructed in order to ascertain the relationship
between the rate of growth of the conodont unit and the increase in the
number of denticles on the platform. Figure 62 compared the number of
denticles on the inner side of the platform of right forms, or the outer
side of the platform of left forms, with the length of those sides of the
platform, while Figure 63 compared the number of denticles on the outer side
of the platform of right forms, or the inner side of the platform of left
forms, with the length of +he corresponding sides of the platform in this
case, Specimens from sample PR.20 were used in the construction of both
graphs. The data indicate that there are two patterns of growth, the first,
and dominant trend, is simply the increase in length of the platform on both
sides of the carina. Both sides of the platform increase in length at
approximately the same rate, and as the denticle number remains constant
then the denticles are increasing in size as the platform grows. This
trend is apparent throughout the ontogeny, end particularly apparent in
the juvenile members of the species. The second trend does not become
obvious until maturity, when there appears to be an increase in the number
of denticles on the platform without an increase in the platform length.

The two trends are mosb apparent when expressed graphically and despite
determined efforts, the author has been unable to show these two trends
convineingly in diagrammatic form. The probable reason for this is that

the patterns of growth are very closely allied.
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In an effort to understand the relative rates of growth of different
parts of the same individual, Figure 64 was constructed. This shows a
comparison of the length of the outer side of the platform of right forms
(inner side of left forms) with the total length of the conodont, from
anterior to posterior extremity. The graph indicated that the length of
the platform of any one individual increases at a greater rate than the
overall length of that conodont. A juvenile form may have a platform
which is half the overall length of the unit, whereas the mature form will

exhibit a platform which is three-quarters the overall length.

At all the horizons in the Pilton Beds in which pseudopolygnathids were
abundant, the four morphotypes were always evident and hence no zonal scheme
could be produced based on their stratigraphic distribution. A chart was
constructed (Figure 65) to show the relative percentage of each morphotype,
and the central specimen, at these horizons which contain numerous

pseudopolygnathids.

AS can be seen from Figure 65, the percentage of each morphotype and
the central specimen is variable throughout that part of the succession
from which pseudopolygnathids were recovered, However, there are no
significant fluctuations in the relgtive percentages that could be utilised
for zonal purposes. The morphologic variation is therefore interpreted as

infraspecific.

Pseudopolygnathus dentilineata E.R. Branson, 1934

(p1.L, figs.9a-10c; PL.5, figs.la-9c; PL.6, figs.la-Tc;
P1.7, figs.la-T7)

non 1947 Pseudopolygnathus multistriata Mehl & Thomas; p.16, pl.l, fig.36.
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non 1966 . Pseudopolygnathus prima (Branson & Mehl): Klapper; .14, pl.h,

fig.8.

1934 7Pseudopolygnathus dentilineata E.R. Branson; p.317, pl.26, fig.22.

1957 Pseudopolygnathus dentilineata (E.R. Branson): Bischoff; p.50-51,
pl.b4, figs.29-32,3k.

1959 Pseudopolygnathus dentilineata (E.R. Branson): Voges; p.300-301,
pl.34, figs.h9,50, text-fig.5, fig.2.

1962 Pseudopolygnathus dentilineata (E.R. Branson): Ziegler; p.99.

193k Pseudopolygnathus varicostata E.R. Branson; p.318, pl.26, figs.19,20.

1939 Pseudopolygnathus varicostata (E.R. Branson): Cooper; p.408,409,
pl.ko, figs.lhdk, b5,

193k Pseudopolygnathus subrugosa E.R. Branson; p.318, pl.26, fig.18.

1934 Pseudopolygnathus projecta E.R. Branson; p.320, pl.26, fig.10,11.

1934 Pseudopolygnathus brevimarginata E.R. Branson; p.322, pl.26, fig.3.

1956 Pseudopolygnathus striata (Mehl & Thomas): Bischoff & Ziegler;

p.164, pl.11, fig.20.

1966 Pseudopolyenathus dentilineata (E.R. Branson): Klapper; p.lk,
pl.5, figs.10,11.

1967 Pseudopolygnathus dentilineata (E.R. Branson): Boogaert; p.185,
pl.3, fig.8. ‘

Diaggosis.
The outer side of the platform of right forms, and the inner side of the

platform of left forms, are developed further anteriorly along the blade than
the opposite side of the platform. The oral ornamentation consists of a

+row of nodes or ridges on each side of the carina,. The basal cavity covers
the entire width of the platform in mature specimens and has flared margins.
This diagnosis is almost identical to that given by'Klapper (1966), for the
same species. Tt is used in preference to the original description of this
species, from the Hannibal Formation of North America, by E.R. Branson (1934),

as Branson's description does not cover the range of variation recognised in
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this species in the Pilton Beds. Furthermore, if it is assumed that

Spathognathodus costatus group gave rise to P. dentilineata in the Hannibal

Formation, and that same group produced E. dentilineata in the Pilton Beds,

then we must consider P. dentilineata from these two horizons as homeomorphs.

The reason for this is that their immediate ancestors are considered to be

homeomorphs, (see the discussion of Spathognathodus costatus).

Description.

A comprehensive description of the variety of oral ornamentation which
can occur within this specles, has been presented in the foregoing pages.
The nature of the.basal cavity has also received attention with regard to

its relationship in size with the maximum width of the conodont element.

The aboral surface as a whole is dominated by the large, flared, basal
cavity which is located just anterior of mid-length. A prominent keel
runs from the basal cavity to the anterior and posterior extremities of
the unit. Owing to the position of the cavity, the anterior keel is the
shorter of the two. The outer and inner sides of the basal cavity of any
individual of this species are asymmetrical, but in many specimens only
slightly so. The cavity edges may be smooth and sub-circular in outline,
or they may show shallow folds in the cavity edge, and consequently all
manner of outlines. These folds can occur on the anterior, posterior or
lateral edges of the basal cavity. The second possibility occurs most
frequently. In =1l specimens, one side of the cavity reaches fractionally
further anteriorly than the other, and hence it is an asymmetrical feature.
Without exception, it is the inner side of the cavity of right forms, outer
side of left forms, that exhibits this anterior extension. Thus, the basal

cavity of both right and left forms and individual specimens are bilaterally

asymmetrical.
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The junction of the basal cavity and the posterior keel is more tapered
than that of the anterior Jjunction. In juvenile forms and also a few mature
specimens, the cavities are almost symmetrical and very prominently tapered
to the posterior; the result is a tear-shaped basal cavity. The fact
that one side of the cavity extends slightly further anteriorly is not

obvious in juvenile forms.

Laterally, the element is arched in the posterior half and in the
majority of specimens, (with the exception of Morphotype V, trend h) the
outer side of the platform of right forms, and inner side of left, is
higher relative to the carina than the opposite side of the platform. The

latter feature is most obvious at the anterior end of the platform.

The anterior blade, when not disattached, marks the highest elevated
in lateral view, and the blade itself has a variable outline. It ranges from
triangular, through plume-like to a shape where its.highest denticles occur
at the anterior or posterior end of the blade with the rest of the denticles
gradually falling off in height in one direction or the other, The anterior

blade consists of 5 or 6 denticles which are discrete only at their tips.

The members of this species have an average ratio of 3:1 times as long
as wide, and the posterior blade extends just beyond the platform in the

majority of cases.

Remarks.
In the Pilton Beds, the pseudopolygnathids are not important stratigraphic

zonal tools, as they occur at most horizons with no significant change.

A series of photographs indicating the growth stages and ontogenetic

variability of P. dentilineata, as represented by the central specimen in



196

Figure 57 can be fbund on Plate 7 figures 4,5,6,7. Problems of
identification which arise due to ontogenetic development can usually

be overcome by intensive scrutiny of the juvenile individuals. A great
number of specimens recovered from the Pilton Beds were incomplete in that
the anterior blade was broken off. This is not considered to be any great

handicap in identification.

Material studied. 1,853 specimens
Occurrence. PB.9 - F.8
Catalogue numbers 9£ figured specimens. JW.150 - JW.171, JW.174 - JW.176

Pseudopolygnathus sp. nov.

(PL.6, figs.8a-9c)

Diagnosis.

This species is characterised by the presence of a very small platform
which is restricted to the mid-third of the unit, and by a very long
posterior blade. The platform denticles attain a maximum number of 5 on
the outer side of the platform of right forms, (inner side of left), while

there is commonly one less denticle on the opposite side of the platform.

Description.

Orally the platform is restricted, occupying a position in the mid-third
of the unit. It is as wide as long, having a sub-rounded outline. The
outer side of the platform of right forms, (and the inner side of left forms),

bears 3-5 large strong nodes which are restricted to the margin of the platform,
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a distinct furrow runs between them and the carina. The opposite side of
the platform usually bears one less node, varying in number from 2-k, The
latter are also restricted to the platform margin and separated from the
carina by a furrow, and they are smaller in comparison to those of the

opposite side.

Aborally the unit is dominated by a large basal cavity equal in width
to the platform and centred just anterior of the mid-point of the conodont.
The basal cavity is open and flared, and the inner side of‘the cavity of
right forms (outer gide of left forms), extends fractionally further
anteriorly than the opposite side. The cavity of individuals is therefore
bilaterally asymmetrical. There are prominent posterior and anterior keels
running from the basal cavity, the former being the longer, and the junction
of the posterior keel and the cavity is more tapered than that of the cavity

and the anterior keel.

Tn lateral view the unit is bowed in the posterior half, and the
anterior blade exhibits the greatest elevation. The anterior blade is
composed of 6 denticles which are discrete only at their tips, and the blade
itself is highest at mid-point, (denticles 3 & 4), falling away rapidly to
the anterior, and more gradually to the posterior. There is a distinct
drop in elevation where the anterior blade meets the carina. The carina
rises gradually throughout its length and is virtually smooth, showing no
denticulation. The nodes of the outer side of the platform of right forms
(inner side of left forms), rise high above the carina, whereas those of the
opposite of the platform are low on the carina. The carina itself occupiles
only the mid-third of the unit and then merges with the long posterior blade,
which falls away in height to the posterior extremity. The posterior blade

is composed of 1l or 12 denticles which are discrete only at their tips.
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The unit as a whole is nearly four times as long as broad. The junction
between the anterior blade and the aboral edge is approximately 90° or
slightly less, and that of the posterior blade and the aboral edge is

tapered.

Remarks.

This group is treated as a different species because of its restricteq
Platform and its stratigraphic significance in the Pilton Beds. Furthermore
this species is the ”perfect”'form of pseudopolygnathid in the suggested

development this genus from Spathognathodus aculeatus through

Spathognathodus aculeatus nodosus. By removing the denticles from the inner

side of the platform of a right form (outer side of a left form) a 'parental!

Spathognathodus aculeatus could be obtalned.

Material studied. 18 specimens
Occurrence. PB.10 - PB.12
Catalogue numbers of the figured specimens. JW.172 - JW.173

Genus SPATHOGNATHODUS (Branson & Mehl, 1941)
(rig. 66)

1856 Ctenognathus Pander, p.32 (non. Fairmaire, 1843, Soc. entomol. de
France, Annales ser.2, v.1l, p.13.

fon 1900 Spathodus Boulenger, p.152.
1934 Spathodus Branson & Mehl, p.46.

1940 Pandorina Stauffer, p.L428.



FIGURE 66

GENUS SPATHOGNATHODUS

ora;

oral denticles

|

anterior blade — —posterior blade

basal cavity

aboral



1941
1945
1959
1959

1959
1962

Type

1856.

199

Spathognathodus Branson & Mehl, p.98.

"Mehlina Youngquist, p.363.
Branmehla Hass, p.381.

Ctenognathus Fay, p.195.(pro. Ctenognathus Pander).

Pandorinella Hass, p.378-379.(pro. Pandorina Stauffer).

Spathognathus (Bispathodus) Muller, p.1lk,

species by subsequent designation, Ctenognathus murchisoni Pander,

Klapper (1966), named Spathodus primus (Branson & Mehl, 193ka as

the type species.

Diagnosis.

Branson & Mehl's (193%a) original description is as follows:-

"Compound, straight, blade-like dental units with nearly straight
aboral margin, and oral margin curved or straight, but highest at

or neat the anterior end. A short lateral expansion near mid-length
produces on the o%herwise comparitively sharp aboral edge, a cup-like
expansion or navel, which ranges in shape from slightly elongate
antero-posteriorly through circular to laterally elongate, either
bilaterally symmetrical or asymmetrical in relation to the blade.
Oral edge or crest consisting of a single row of 'germ denticles'
evident in transmitted light completely sheathed to form a continuous
crenulate oral edge. Oral surface of mid-length, basal expansion,

or navel typically smooth, but in some species bearing one or a few

separate denticles”.

This genus was originally named and described by Branson & Mehl in

1934 when it was called Spathodus. However, this generic name had already
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been given to a group of African fish (Boulenger 1900) and consecuently

these conodonts were renamed Spathognathodus by Branson & Mehl in 194l.

In the past there has been much confusion over the genus Spathognathodus.

Stauffer (1940), introduced the genus Pandorina, but did not mention its

striking similarity with Spathognathodus.  Youngquist (1945), stated that

his new genus Mehlina, "...resembles Spathognathodus Branson & Mehl but

differs in the absence of an escutcheon ...... Also the oral surface is
made up of projecting non-sheathed denticles rather than germ denticles

completely sheathed..."”.

Some authors, notable Muller & Muller (1957), have considered

Spathognathodus a junior synonym of Ctenognathus Pander (1856). These

authors state also that certain species of Ctenognathus are synonymous

with Mehline sp. and Pandorina sp. (1ater called Pandorinellina Hass

1959).  The name Ctenognathus was proposed by Pander (1856) for blade-
like conodonts with a flaring sub-central cavity situated on the aboral

‘edge. Hass (1959) and Fay (1959) noted that Ctenognathus was used in

1843 by Fairmaire for a species of Coleoptera and that this usage has

priority over Pander. The name Ctenognathodus was suggested by Fay, but

it was argued that Spathognathodus was now a more valid name. Now,

owing to the influence and example of Rexroad (1958), Rexroad & Scott
(1964), Bischoff and Ziegler (1957), and Ziegler (1961, 1962), the name

Spathognathodus has been retained and is followed by most authors.

Hass (1959) proposed a new genus, Branmehla, for several species

assigned to Spathognathodus and designated Spathognathodus inornata as

the type species. Hass also stated that Branmehla and Spathognathodus

differ in that the former has an aboral cavity toward the posterior end

of the unit, and not in a sub-central position. Scott and Collinson



(1961), have included Branmehla in the genus Spathognathodus for the

following reason ... "Gnathodus Pander has the escutcheon located at the
extreme posterior end of the unit. We do not think this criterion alone
is sufficient for the erection of a new genus for forms intermediate between

Spathognathodus and Grnathodus and we therefore consider Branmehla a junior

synonym of Spathognathodus". Rexorad & Scott (1964) confirm their

agreement with Ziegler over the validity of Spathognathodus, and also the

inclusion of Brammehla as one of its synonyms.

That Spathognathodus had given rise to many other genera was pointed

out by Branson & Mehl (193ka and 1941), who stated that at more than one
stage in the history of the genus there was a tendency for the migration
of the aboral cavity to the posterior end of the blade. Muller (1962),

also indicated that many platform genera developed from Spathognathodus

as a result of several distinct morphological trends. The chief genera

thought to be derived from Spathognathodus are:-

1. Gnathodus, derived by an increase in size, and a posterior migration,
of the basal cavity.

2. Polygnathus, by the development of a posterior platform, illustrated
by faunas from the Saverton of North America.

3. Bactrognathus, Rexroad & Scott (1964), suggest that Spathognathodus

is the precursor of this genus.

4.  Pseudopolygnathus, by the addition of denticles either side of the

carina., The development can be seen in the Upper Devonian of Germany
and Britain, including the Pilton fauna. (In the present study

Spathognathodus and Pseudopolygnathus are distinguished by the number

of denticles on the inner side of right forms or the outer side of
left forms. If there is only a single node in this position the

specimen is called Spathognathodus aculeatus nodosa (new subspecies),
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if more than one, then it is called a pseudopolygnathid.

Scaphignathus, possibly developed from Spathognathodus (Austin 1965).

New genus B, developed from Spathognathodus (Austin 1965).

Icriodus, Taphrognathus, Idiognathus & Ctenopolygnathus are all

suggested by Hass (1959) as probable descendents of Spathognathodus.

Spathognathodus aculeatus aculeatus Branson & Mehl, 1934

(P1.1, figs.la-3c; PL.4, figs.7a-Tc)

Spathodus aculeatus Branson & Mehl; p.186, pl.17, figs.11,1k,

Spathodus sulciferus Branson & Mehl; Dp.27h, pl.22, rigs.12,13

Spathodus sulciferus Branson & Mehl: E.R. Branson; p.30k,
pl.27, figs.15,20,22.

Spathodus duplidens Huddle; .91, pl.12, figs,1-L,

Spathodus tridentatus E.R. Branson; p.307, pl.27, fig.26.

Spathognathodus aculeatus (Branson & Mehl): Hass; p.134,135,1k40,

Spathognathodus tridentatus (Branson E.R.): Sannemann; p.331,
pl.ok, fig.13.

Spathognathodus aculeatus (Branson & Mehl): Hass; p.17,22,2k,

Spathognathodus tridentatus (E.R. Branson): Bischoff & Ziegler;
p.167, pl.13, figs.1,2.

Spathognathodus aculeatus (Branson & Mehl): Klapper; p.1091,
pl.1h1, fig.13, ‘

Spathognathodus aculeatus (Branson & gehl): Helms; p.657, pl.3,
Fig.d,

Spathognathodus tridentatus (E.R. Branson): Helms; p.658, pl.3,
fig.7.

Spathognathodus aculeatus (Branson & Mehl): Ethington, Furnish &
Wingert; p.766-767, pl.90, figs.5,9.

Spathognathodus tridentatus (Branson E.R.): Freyer; p.89, pl.6,
fig.150. _

Spathognathodus aculeatus (Branson & Mehl): Ziegler; p.105-106,
pl.13, figs.27-36.
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non 1962 Spathognathodus tridentatus (E.R. Branson): Ziegler; p.3, pl.3,
fig.8,9 (preprint 1960).

hon 1962 Spathognathodus sulciferus (Branson & Mehl): Ziegler; p.3, pl.3,
fig.7, (preprint 1960).
? 1962 Spathodus (Bispathodus) aculeatus (Branson & Mehl): Muller; p.1lk.
1965 Spathognathodus aculeatus (Branson & Mehl): Bouckaert & Ziegler;
p.17, pl.5, figs.l-k.
1966 Spathognathodus aculeatus (Branson & Mehl): Klapper; p.2k, pl.6,
figs.15-17.
1967 Spathognathodus aculeatus (Branson & Mehl): Boogaert; p.186, pl.3,
figs.15-17.
1967 Spathognathodus aculeatus (Branson & Mehl): Wolska; p.425, pl.l19,
figs.k-8.
hon 1969 Spathognathodus plumulus plumulus Rhodes, Austin & Druce; p.229,

pl.1l, figs.la-2¢,5,6.

Klapper (1966), states that forms referred to as Spathognathodus

tridentatus E.R. Branson do not differ sufficiently from Spathognathodus

aculeatus to warrant recognition as a separate species. The present author

agrees that forms called Spathognathodus tridentatus which occur in the

Upper Devonian with Spathognathodus aculeatus, are indeed very similar to

the latter. However, the forms which E.R. Branson originally called

Spathognathodus tridentatus from the Hannibal Formation (Lower Carboniferous)

must remain as a separate species, as present day evidence indicates that

these forms are homeomorphs of Spathognathodus aculeatus.

Diaggosis.

Straight or gently curved unit with 2-5 lateral denticles in the anterior
part of the mid-third of the element, which are incorporated into the oral

surface. (Klapper (1966) states, that some specimens of S. aculeatus may
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have as many as seven lateral denticles.) The outline of the anterior
blade is variable in shape. The bilaterally symmetrical aboral cavity is

tear-shaped or sub-circular and is situated in the mid-third of the element.

Description.
In oral view the unit is straight or only gently curved, the curvature

of the blade being diagnostic of whether the unit is a right or left form.

The anterior blade can have a variable outline and is composed of
4-6 denticles. The blade is high relative to the rest of the unit; the

highest denticle may occur in several positions, (see Figures 67 a,b,c.).

(a) It may be central and vertical with the rest of the blade sloping
away anteriorly and posteriorly, thus giving the blade a triangular

outline.

(v) The highest denticle may be the most posterior of those of the anterior
blade, in which case the denticles are nearly verticle, making an angle
of 90° with the oral surface (as in type (a)).
The angle between the anterior margin of the anterior blade, and the

margin of the aboral surface is variable in all types, (a), (b) & (c).)

(¢) A few specimens show an anterior blade which has its most anterior
denticles as the highest, and the remainder of the denticles of the
blade slope away posteriorly, merging into the middle blade. Here
the angle between the anterior edge of the anterior bladé and the aboral

edge of the unit as a whole is a right angle.

The posterior blade is composed of 8-10 denticles which are discrete
only at their tips, and which are smaller than the denticles of the anterior

blade. Invariably these posterior denticles are highest anteriorly,



FIGURE 67

VARIATION [N THE OUTLINE OF THE ANTERIOR BLADE OF

SPATHOGNATHODUS ACULEATUS

I—

Spathognathodus aculeatus aculeatus

Spathognathodus aculeatus aculeatus

(b)

spathognathodus aculeatus aculeatus

Spathognathodus ac uleatus plumulus
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becoming lower and smaller posteriorly.

The mid-third of the unit incorporates 2-5 lateral denticles into the
oral surface. The blade or carinal denticles in this region are all fused,
except in one or two specimens, but the lateral denticles are usually
discrete. In some cases the lateral denticles are more ridge-like, in that
they reach the carina and form a definate lateral platform. Other specimens
show a distinct furrow between the carina and the lateral denticles, and,
as a result a lateral platform is not such an obvious feature. If there
are only two or three lateral denticles they occur parallel to the carina;
if there are five they occur in a semi-circular or bow shaped pattern against
the carina; if there are four, then they may occur in either of these two

ways.

In “ateral view the unit may be straight, although it is more often
bowed in the posterior half. This bowing explains in part the way in which

the denticles of the posterior blade slope down posteriorly.

In aboral view, the basal cavity occurs in the mid-third of the unit
and is large and flared. Most of the specimens have a cavity which is
widest at its mid-point, rounded anteriorly and slightly tapered posteriorly.
A few mature specimens show a more tear-shaped cavity as a result of antero-
posterior elongation. The juvenile forms of this species all have large
flared cavities which are more open than those of their descendents, and
which embrace a greater postion of the aboral surface. The aboral pit
itself occurs in the anterior region of the flared cavity in mature specimens,
and is small and slit-like.  The pit of the juveline forms is much larger

relative to the cavity.

This species is bilaterally asymmetrical, as the lateral denticles of

right forms occur on the outer side, and those of left forms occur on the
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inner side. Thus a right form is not a mirror image of a left form.
Right and left forms are recognised by the curvature of the axis of the

individual specimen.

Remarks.

This species is distinguished by the presence of 2-5 lateral denticles
on one side of the axis in the central third of the unit, However, as has
been shown, the remainder of the element can show slight variation
especially in the region of the anterior blade and basal cavity. Klapper

(1958), states that Branson & Mehl compared Spathognathodus aculeatus with

Spathognathodus sulciferus, but they noted that Spathognathodus sulciferus

had a thicker blade and longer navel. The author agrees and acknowledges
that these two forms are not conspecific for the same reason that

Spathognathodus‘aculeatus and Spathognathodus tridentatus (from the

Hannibal Formation) cannot be conspecific, but are homeomorphs (see p.203).

There is also some further confusion concerning Spathognathodus sulciferus,

in that two photographs (Branson & Mehl 1934b, pl.22, fig.13 and Branson E.R.

1934, pl.27, fig.20) Jesignated as Spathognathodus sulciferus are more

similar to S. costatus spinulicostatus than to S. aculeatus.

Certain specimens from the Pilton Beds exhibit a plume-like anterior
blade and are identical to specimens from the Avon Gorge, illustrated by

Rhodes, Austin & Druce 1969, which they named S. plumulus plumulus. All

the spathognathodids recovered from the Avon Gorge displayed this feature,
énd Rhodes, Austin and Druce cited the plume-like blade and more elongate
tear-shaped cavity as the morphologic features which distinguished

S. plumulus from S. aculeatus (Branson & Menl). Specimens from the Pilton

Beds, which have this anterior plume, can display either type of cavity,
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tear-shaped or the more typical sub-circular cavity of S. aculeatus.

It is difficult to agree that the Avon Gorge spathognathodids should
warrant a new specific name on the basis of these small differences, but
maybe there is a case for sub-specific distinction. The specimens of
S. aculeatus, from the Pilton Beds and the Avon Gorge, which haveva plume-

like anterior blade should be called Spathognathodus aculeatus plumulus, and

those from the Pilton Beds without this characteristic, Spathognathodus

aculeatus aculeatus. The one problem that does arise is that S. aculeatus

aculeatus of the Pilton Beds would become synonymous with S. aculeatus of
of Europe and the North American continent. It is believed that S. aculeatus

Plumulus developed from S. aculeatus aculeatus in the uppermost Devonian.

Material studied. 139 specimens.

Occurrence. PB.2 - PB.35

Catalogue numbers of the figured specimens. JW.100, JW.101, JW.102, JW.145

Spathognathodus aculeatus nodosus (Rhodes, Austin & Druce, 1969)

(PL.2, figs.8a-llc; Pl.3, figs.la-c)

1969 Spathognathodus plumulus nodosus Rhodes, Austin & Druce, p. 230,
- pl.l, figs. Sa-hc

Diaggosis.

This subspecies is identical to Spathognathodus aculeatus except that

it possesses a single node on the opposite side of the blade to the main

group of denticles.
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Descrigtionf

Ta lateral view the unit is straight or slightly curved. If curved, it
is the posterior half of the aboral edge which shows this curvature, the
anterior half being straight. The oral edge is denticulate with twenty or
more fused denticles, discrete only at thelr tips. The anterior thifd of
the blade is higher than the rest and the denticles are larger, but still
almost entirely fused. The mid-third of the blade is lower and straight,
while the posterior third slopes down gradually to the posterior extremity,
The anterior blade can assume a variety of shapes from triangular to plume-

like.

Orally the element is straight or only gently curved, so that in most
cases it is difficult to determine right and left forms. However, this
sub-species appears to be bilaterally asymmetrical, the single node occurring
on the inner side in right forms and on the outer side in left forms, The
number of lateral denticles on the opposite side of the blade is usually
3-5, although one specimen has 6. The single node occurs centrally on the
oral expansion of the basal cavity, although an exception to this is seen
when it is found on the posterior edge of this expansion. Relative to the
fow of lateral denticles on the other side of the blade, the node occurs
approximately opposite the mid-point. A few or all of the lateral denticles
attain the same height as the blade denticles, but the single node is always
much lower than the blade. Smaller forms, assumed to be juveniles, show
only a very small projection on the side of the blade, whereas mature

specimens have a distinct gap between the blade and the node.

The basal cavity is situated in the mid-third of the unit and is sub-
circular, rounded anteriorly and tapered posteriorly. In more mature

forms with & well developed node, that side of the cavity aboral to the
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node is expanded, so that the usually sub-circular outline is distorted.

Remarks.

This sub-species is believed to have enolved from 8. aculeatus s. s,
by the addition of a single node on the opposite side of the blade from the
main group of lateral denticles. It 1s particularly significant in the
Lower Pilton fauna as it appears to be the intermediate form through which

the genus Pseudopolygnathus developed from Spathognathodus 5. aculeatus

nodosus is taken as the penultimate stage in the development of

Spathognathodus before it gave rise to Pseudopolygnathus, and thus all those

forms with more than one denticle on this side of the blade are considered
as members of the latter genus. The ultimate stage is represented by

S. aculeatus nodosus which bears a ridge posterior to the single node. It

is of course a point of conjecture as to whether or not such forms as these
should in fact be called spathognathodids or pseudopolygnathids. A more
detailed description of this possible transition is included in the

deseription of the genus Pseudopolygnathus (p. 178).

The majority of these specimens from the Pilton Beds were incomplete,

lacking the anterior and/or posterior blades.

Material studied. 15 specimens

Qccurrence, PB.2 - PB.27

Catalogue numbers of the figured specimens.  JW.115, 116, 117, 1hk6, 137

Spathognathodus aculeatus plumulus (Rhodes, Austin & Druce, 1969)

(P1.1, figs.ka-8¢)



hon
non

?non

non

non

Non

210

1934 Spathodus irregularis E.R. Branson; p.307, pl.27, fig.Z5

1934 Spathodus aculeatus Branson & Mehl; p.186, pl.l7, figs.11,1k4

1949 Spathognathodus irregularis (E.R. Branson); Thomas; p.412, pl.2,
fig.32.

1962 Spathognathodus sulciferus (E.R. Branson); Ziegler; p.3, pl.3,
fig.7.

1962 Spathognathodus tridentatus (E.R. Branson): Ziegler; p.3, pl.3,
figs. 8,9.

1962 Spathognathodus aculeatus (Branson & Mehl): Ziegler; p.105-106,
pl.13, figs.27-36.

1965 Spathognathodus plumila Austing p.358, pl.l, figs.14-23,26,27.

1969 Spathognathodus plumulus plumulus Rhodes, Austin & Druce; p. 229,
1.1, figs.la-2¢,5,6.

Diaggosis.

Straight or gently curved unit with 2-5 lateral denticles in the mig-
third of the element. The outline of the anterior blade in lateral view
is plume-like. The aboral cavity is tear-shaped or sub-circular in outline

and is situated in the mid-third of the element alsoc,

Descrigtion.

The description ofthis sub-species is identical to that of 5. aculeatus
aculeatus except for the nature of the anterior blade. Figure 674
illustrates the plume-like anterior blade which characterises these forms.
The highest denticle of the blade is commonly the second from the posterior
end, and all the denticles are inclined posteriorly, making an angle of
70°-80° with the oral edge of the middle blade; this gives a plume-like

outline typical of forms such as Scaphignathus. The blade denticles to the

anterior of the highest denticle decrease fairly rapidly in height toward the

anterior margin.



211

Remarks.

These specimens are identical to S. plumulus plumulus Rhodes, Austin &

Druce (1969). For reasons cited earlier it is suggested that the name

5. aculeatus plumulus be used in preference to the name given to these forms

by Rhodes et al. S. aculeatus plumulus is distinguished from S. aculeatus

aculeatus by the shape of the anterior blade. This subspecific distinction
Preserves the stratigraphic usefulness of both groups and yet also indicates

their genetic affinities and morphologic similarities.

Material studied. 4L specimens
Occurrence. PB.2 - PB.27
Catalogue numbers of the figured specimens. JW.103-dW.106, JW.136

Spathognathodus anteposicornis Scott, 1961

(P1.1, figs.9a-9c; PL.2, figs.la-3c)

1961 Spathognathodus n.sp. A. Scott & Collinson; p.132, pl.l, figs.12-15.
1961 Spathognathodus anteposicornis Scott; p.122Lk, fig,2h-k.

1965 Spathognathodus anteposicornis (Scott); Austin; p.339, pl.k, figs.22a,b.
1969 Spathognathodus anteposicornis (Scott): Rhodes, Austin & Druce;

p.4h2, pl.3, figs.5a-8b.

Diagnosis.
Scott & Collinson's (1961) original description was as follows; "This

distinctive species of Spathognathodus is characterised by the presence of

a single, well-developed lateral denticle on the inner side of the unit

immediately anterior to the escutcheon." Later Scott (1961) named the
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species Spathognathodus anteposicornis.

Description.

The unit is 2 to 2.5 times as long as high and straight or only slightly
bowed laterally. In lateral view the oral surface in the mid-third is
straight, rising abruptly to the anterior and falling away gradually to the
posterior. The denticles of the oral surface are fused for the greater
part of their length, only their tips being discrete. The anterior third
of the blade is the highest, bearing 4 denticles, the third from the anterior
edge being the largest. A single horn-like lateral denticle is developed
on the inner side of the blade, immediately anterior to the basal cavity.

The basal cavity is situated in the mid-third of the unit and is widely
flared, (relative to the thickness of the blade itself), slightly longer than
wide, and the lips of the cavity are also flared. The only difference
observed between the Pilton specimens and those from the Louisiana Limestone
Formation, (Scott, 1961; Scott & Collinson, 1961), is that the denticles
comprising the anterior nlade of the Pilton forms are higher and more acutely

curved posteriorly, giving a plume-like outline,

Orally the unit is stralght or only gently bowed, and therefore it is

difficult to differentiate right and left forms,

Remarks.

This species 1s characteristic of the QEEEEEQEE n.sp.A Assemblage Zone
of North America, and common in the conodont faunas of the Louisiana Limestone
Formation, (Collinson, Scott & Rexroad, 1962, p.17-19). Scott (1961) noted
that faunas from the overlying Glen Park and Hannibal, and the underlying

Saverton Formations contain spathognathodids with one lateral denticle, but
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these forms do not have the denticle to the anterior of the basal cavity.

Austin (1965), first recorded the occurrence of Spathognathodus

anteposicornis in Western Europe, in the Carboniferous rocks of the Avon

Gorge. However, in the Avon Gorge, the species is not confined to the
horizons equivalent to the Gnathodus n.sp.A Assemblage Zone of North
America,. This is explained by the belief that a number of =straight
bladed spathognathodids developed a lateral denticle, anterior tc the
basal cavity, and that this development took place at manj stratigraphical
horizons., The Pilton and Avon Gorge specimens of this species also

differ slightly in that the anterior blades of the former are more plume-

like,

Material studied. 6 specimens

Occurrence. PBR.2 & PB.23

Catalogue numbers of the figured specimens. JW.107 - JW.109, JW.140

Spathognathodus costatus group

Spathognathodus costatus was first described by E. R. Branson (1934)

from the Hannibal Formation where 1t was originally called Spathodus costatus.

The species was diagnosed thus:

"On the inner side of the blade there i1s a row of about 8 denticles,
some short and peg-like, others broad and formed by the union of two
peg-like ones to give the blade, in superior view, a cross-ridged

rather than a denticulate appearance'.
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EVOLUTION OF SPATHOGNATHODUS COSTATUS

To fully understand the development of this species, a resumé of its
position in the evolutionary pattern of the spathognathodids is required.

Throughout the Upper Devonian and Lower Carboniferous, Spathognathodus

costatus has been identified at several horizons. In West Germany,

Ziegler (1962) noted the occurrence of Spathognathodus costatus in the

toVI Wocklumeria Zone of the Upper Devonian. In this zone he described

an evolutionary sequence from Spathognathodus aculeatus to Spathognathodus

costatus by the development of more lateral denticles, on the same side of

the blade. Ziegler also subdivided Spathognathodus costatus into threce

sub-species; Spathognathodus costatus costatus, (renamed Spathognathodus

bischoffi Rhodes, Austin & Druce, 1969), Spathognathodus costatus

spinulicostatus, (renamed Spathognathodus ziegleri Rhodes, Austin & Druce,

1969), and Spathognathodus costatus ultimus, and showed that the

evolutionary sequence was continued through these sub-species terminating

in Spathognathodus costabus ultimus.

In North America, E.R. Branson (1934) described Spathognathodus

costatus from the Hannibal Formation (Lower Mississippian) and Austin

(person communication) reports seeing forms identical to Spathognathodus

costatus costatus Ziegler (Spathognathodus bischoffi), from the Saverton

Formation at Atlas South, North America, Upper Devonian.  Austin (1965),

also describes Spathognathodus costatus from the Upper K and Lower Z Zones

of the Lower Carboniferous of the Avon Gorge. Spathognathodus costatus

is also recorded from the Lower Pilton Beds and these beds are interpreted
as youngest Wocklumeria Zone age, equivalent to the Upper costatus Zone

of Germany. Therefore, Spathognathodus costatus occurs at two stratigraphic

levels; in the Wocklumeria Zone of the Upper Devonian, and in
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the Lower Mississippian (see Figure 68).

Like Ziegler, Austin (1965) saw an evolutionary sequence in the
spathognathodids from the Avon Gorge. The sequence ran from a straight

bladed spathognathodid through Spathognathodus plumula (herein renamed

Spathognathodus aculeatus plumulus) to Spathognathodus costatus.

In the Hannibal Formation of North America, an evolutionary sequence
"can also be identified, from a straight bladed spathognathodid through

Spathognathodus tridentatus and/or Spathognathodus sulciferus, to

Spathognathodus costatus. (Two published photographs of Spathognathodus

sulciferus (Branson & Mehl, 1934b, pl.22, fig.13; and E.R. Branson, 1934

pL.27, fig.20), are identical to Spathognathodus spinulicostatus

(E.R. Branson),) The latter species has now been renamed Spathognathodus

costatus sulciferus Rhodes, Austin & Druce, 1969.

By the addition of lateral denticles on the opposite side of the
blade these sequences can be carried a stage further.

(a) In the Lower Z of the Avonian, Spathognathodus spinulicostatus

(Spathognathodus costatus sulciferus) developed from Spathognathodus

costatus.

(v) 1In the Hannibal Formation of North America, the Spathognathodus

spinulicostatus of E.R. Branson (Spathognathodus costatus sulciferus),

developed from Spathognathodus costatus. Unfortunately, Branson (1934)

does not give the stratigraphic ranges for these species in his
publication.

(¢) ziegler noted the development of Spathognathodus coctatus spinuli-

costatus (Spathognathodus ziegleri) from Spathognathodus costatus

costatus (Spathognathodus bischoffi) in the toVI Wocklumeria Zone of West

Germany.
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In the Lower Pilton Beds, Spathognathodus aculeatus, Spathognathodus

bischoffi and Spathognathodus ziegleri have been identified, although here

all three forms occur at the same horizons and hence there is no obvious

evolutionary sequence observed.

Voges (1959, p.296, fig.h; 1p.297, fig.5), considered there to be a

second evolutionary trend whereby Pseudopolygnathus dentilineata developed

from Spathognathodus costatus, in the lower Cul Zone  the Carboniferous

of Saurland. Branson & Mehl (1934), also considered a series of their
specimens from the Bushberg Sandstone to be transitional between

Spathognathodus and Pseudopolygnathus. — Austin (1965), recorded three

developments of Pseudopolygnathus in the Avon Gorge, and stated that all

three originated from straight bladed spathognathodids with lateral denticles,

A similar development between Spathognathodus and Pseudopolygnathus

is found in the Pilton Beds of North Devon, but once again it is less
obvious than in the localities mentioned above. Nevertheless, a new

subspecies, S. aculeatus nodosus, has been erected as an intermediate

between Spathognathodus aculeatus and Pseudopolygnathus dentiliniata,

It has been shown the Spathognathodus costatus has developed at

several periods during the Upper Devonian and Lower Carboniferous, and

the results of these developments are recognised as homeomorphs. It

has been concluded that the Spathognathodus costatus of the Hannibal,
Avon Gorge and Wocklumeria Zone are similar but unrelated, as they have

different ancestries. This also implies that Spathognathodus tridentatus,

Spathognathodus aculeatus and Spathognathodus plumula are homeomorphs.

Straight bladed spathognathodids developed lateral denticles at many



217

stratigraphic levels, e.g.

(a) Spathognathodus aculeatus in the Upper Devonian of North America

(Grassy Creek Shale-Branson & Mehl, 193kc; Saverton Formation -
Collinson, Scott & Rexroad, 1962).

(v) Spathognathodus aculeatus.in the Upper Devonian of West Germany

(Wocklumeria toVI-Ziegler, 1962; Bischoff,1957), and in the
Upper Devonian of Great Britain (Pilton Beds - Present Study).

(c) Spathognathodus plumula in the Lower Carboniferous of Great Britain

(Avon Gorge - Austin,1965).

(a) Spathognathodus tridentatus & Spathognathodus sulciferus in the Lower

Mississippian of North America. (Hannibal Formation - Branson, 1934).

(e) Spathognathodus tridentatus & Spathognathodus sulciferus in the Upper

Devonian of Germany (Ziegler, 1962c (preprint 1960); Helms, 1959).

In the Pilton Beds both the Spathognathodus aculeatus plumulus and

Spathognathodus aculeatus aculeatus development occurs. The result of the

investigation conducted in the Lower Pilton Beds indicate that these two
forms are very similar but simply distinguished. The fact that both occur

together suggests that Spathognathodus aculeatus plumulus evolved from

Spathognathodus aculeatus aculeatus and hence 1s not its homeomorph but its

direct descendent. Since the range of Spathognathodus aculeatus plumulus

must be extended down into the Upper Devonian, there is now no gap between

the extinction of Spathognathodus aculeatus Branson & Mehl and development

of Spathognathodus plumula Austin and consequently no grounds to consider

them as products of two isolated developments. The recognition of the
two forms as subspecies, acknowledges the slight differences between the

two and preserves their stratigraphic significance.
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Klapper (1966) considers Spathognathodus aculeatus as a synonym of

Spathognathodus tridentatus. However, the present author believes

Spathognathodus tridentatus from the Hannibal formation to be a near-

homeomorph of Spathognathodus aculeatus.

The slight differences which occur between the forms discussed above
can be summarised as follows:

(a) Spathognathodus plumula (Spathognathodus aculeatus plumulus) has a

plume-1ilike anterior blade.

(v) sSpathognathodus tridentatus has a narrower basal cavity than S. aculeatus

(S. aculeatus aculeatus).

The same discussion that was applied to Spathognathodus aculeatus applies

to S. costatus and S. spinulicostatus (8. costatus sulciferus).

S. bischoffi and S. ziegleri from the Pilton Beds are the same as those
found by Ziegler in West Germany. The fact that these two species are not
found in the Lowermost K of the Avon Gorge may be due to one of two factors.
Firstly, this may be due to the fact that only a few individuals cof these
species represented the lineage in the Lower K, before they became more
common in the Upper K and Lowér Z, and that sampling has not revealed them,
Secondly, the representatives of these species are not the same stock as
the forms similar to them in the Upper K, and that the forms in the Upper

K developed independently from Spathognathodus plumula (S. aculeatus

plumulus) after the extinction of S. bishoffi and S. ziegleri, as was

suggested by Austin (1965).

The second hypothesis is prefered, the names §. costatus and 8. costatus
sulciferus being attributed to the Upper K forms, which are considered

homeomorphs of S. bischoffi and 8. ziegleri. There are morphological
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differences between these forms and consequently they are not homeomorphs
in the t?ue sens2 of the word, but rather near-homeomorphs. However, it
is further proposed that the S. costatus development in the Hannibal
Formation origninated from yet another independent source, S. tridentatus,
and the resultant forms, which are identical to the Upper K forms, are

true homeomorphs of the Spathognathodus development in the Avon Gorge.

All three independent developments of forms previously all called
S. costatus has caused some confusion for the simple reason that they had
the same specific name. This problem has been remedied in part by Rhodes,
Austin & Druce (1969) in that they have proposed the new specific name

§. bischoffi for the Upper Devonian forms.

Spathognathodids which may have initiated these evolutionary develop-

ments include S. crassidentatus, Spathognathodus aciedentatus and 8.

Strigosus. S. anteposicornis, which is common in the Louisiana Limestone

and is also found in the Pilton Beds and the Avon Gorge, is believed to be
a further intermediate form (in the Upper Devonian evolutionary sequence)

between the original straight bladed spathognathodid and §. aculeatus.

Spathognathodus bischoffi Rhodes, Austin & Druce, 1969

(P1.2, figs.ka-Tc)

1934 Spathodus costatus E.R. Branson; p.303, pl.27, fig.13,

1938 Spathodus costatus (E.R. Branson): Branson & Mehl; pl.33, fig.l.
1949 Spathognathodus costatus (E.R. Branson): Thomas; pl.L4, fig.10.
1956 Spathognathodus costatus (E.R. Branson): Bischoff & Ziegler;

p.166, pl.13, fig.3.
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1957 Spathognathodus costatus (E.R. Branson): Bischoff; p.56, pl.h,
fig. 28.
1957 Spathognathodus costatus (E.R. Branson): Flugel & Ziegler; pl.l,
figs.15,18.
1959 Spathognathodus costatus (E.R. Branson): Helms; pl.3, flgs.2-k,
? 1959 Spathognathodus cf. S. costatus (E. R. Branson): Voges; p.296,297,
pl.3k4, figs.L7,48.
1962 Spathognathodus costatus costatus Ziegler; p.107, pl.b, figs.1-6,8-10.
? 196k Spathognathodus costatus costatus (Ziegler): Higgins, Wagner-Gentis &
Wagner; pl.5, fig.21l.
hon 1965 Spathognathodus costatus (E.R. Branson): Austin; p.350, pl.l, fig.ll;
pl.2, fig.6,7,9; pl.4, figs.1l0a,b,l5,
16,23.
1967 Spathognathodus costatus costatus (E.R. Branson): Wolska; p.4o6,

pl.19, figs.9-12.

1967 Spathognathodus costatus (E.R. Branson); S. costatus costatus
(Ziegler); van Adrichem Boogaert;
p.186, pl.3, figs.20,22a.

1969 Spathognathodus bischoffi Rhodes, Austin & Druce; p.223, pl.k,
figs.la-lc.
Diagnosis.

This spathognathodid has a parallel row of lateral denticles, developed
one one side of the blade, from the middle of the anterior half to the
posterior extremity. These denticles may occur as transverse ridges,
uniting with the blade. The basal cavity is elongate and usually sub-
circular; it is rounded anteriorly and pointed posteriorly. The cavity is

located in the posterior two-thirds of the unit.

Description.
In léteral view this spathognathodid is straight or only gently bowed, and

if bowed then it is the posterior portion of the unit which shows this feature,

the anterior portion being straight. The anterior blade is the highest part
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of the specimen, comprising 3-U4 distinct denticles. From the anterior, the
unit slopes down to the mid-third, where it is straight, and then slopes down

again to the posterior tip.

In oral view the blade 1s seen to be curved and it consists of 12 to 20
denticles (depending on the size of the specimen), all of which are fused
except for those 3 or 4 comprising the anterior blade, and thece sre dicerete
only gt their tips. A row of lateral denticles is developed on one side of
the blade (outer side of right forms, inner side in left forms) running
parallel with the blade for approximately three-quarters of its length. The
denticles occur from a point coinciding with the posterior end of the
anterior blade, to the posterior extremity of the unit. The number of
lateral denticles ranges from 8 to 15, and they can occur as isolated nodes,
transverse ridges, or a combination of both. Iransverse ridges are most

common in the larger specimens, giving a rib-like effect to the unit. When

this ribbing is developed, the individual ribs are longest at mid-length.

The basal cavity is large and elongate, rounded anteriorly and pointed
posteriorly. It is asymmetrical, the outer edge of the cavity showing a
distinct fold, whereas the inner edge tapers gradually from the anterior to
the posﬁerior. One exception to this general rule is seen, and in this
specimen the cavity is subrounded, and restricted to the mid-third. Juvenile

forms do not show clearly, this characteristic basal cavity.

Remarks.
A detailed discussion of 8. costatus has been given earlier (p.213).

S. costatus costatus Ziegler, has been renamed S. bischoffi by Rhodes, Austin

& Druce, and this underlines the slight differences between S. costatus Branson,

and the near-homeomorphic 5. costatus costatus Ziegler.
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Material studied. 27 specimens
Occurrence. PB.10 - PB.36
Catalogue numbers of the figured specimens. JW.111-JW.113, JW.1h49

Spathognathodus strigosus (Branson & Mehl, 1934)

(P1L.3, figs.2a-Tc)

1934 Spathodus strigosus Branson & Mehl; p.187, pl.l7, fig.l7.

1949 Spathognathodus strigosus (Branson & Mehl): Thomas; pl.k, fig.15,
pl.2, fig.l9.

non 1949 Spathognathodus strigosus (Branson & Mehl): Thomas; pl.2, fig.2l.

1956 Spathognathodus strigosus (Branson & Mehl): Bischoff & Ziegler;
p.167, pl.13, fig.1l5.

1962 Spafhognathodus strigosus (Branson & Mehl): Ziegler; p.111-112,
pl.12, figs.21-23,

1965 Spathognathodus strigosus (Branson & Mehl): Austin; p.376-377,
pl.2, fig.10.

1965 Spathognathodus strigosus (Branson & Mehl): Bouckaert & Ziegler;
pl.5, fig.8.

1967 Spathognathodus strigosus (Branson & Mehl): Wolska; p.4o8, pl.XVIII,
figs.9-15

Diagnosis.

A straight-bladed spathognathodid with oral denticles of the same height
for approximately half its length, but lower at the posterior end and
distinctly higher at.the anterior end of the blade. The posterior half of
the aboral edge is prominently arched. The basal cavity is long and narrow

centred on a point just anterior of mid-length.
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Latefally the blade (which is 2 to 2.5 times as long as high) has a
distinctive outline. The oral margin is dominated by three or sometimes four
high anterior denticles. The oral denticles of the blade posterior to these
are lower and attain an approximately equal elevation, apart from those in

the posterior quarter which slope downward to the posterior extremity.

The number of oral denticles ranges from sixteen to twenty-four, and all,

including those of the high anterior postion, are fused for the greater part

of their length, only their tips being discrete.

The aboral edge is straight from the anterior margin to a point Jjust
anterior of mid-length, it then arches to the posterior tip.  The anterior

margin and aboral margin meet at right angles.

In oral view the blade is thin and straight but occasicnally it is

gently curved.

The basal cavity is long, narrow and symmetrical, more tapered
posteriorly than anteriorly. It is centered on a point just anterior of
the mid~length of the unit, and occupies one third of the length of the

aboral margin. The edge of the basal cavity has small lateral lips.

Remarks.

This species is very similar to Spathognathodus aciedentatus E.R. Branson,

and Spathognathodus denticulatus E.R. Branson, but §Eathognathodus aciedentatus

does not have the characteristic aboral outline of Spathognathodus strigosus.

The original descriptions of Spathognathodus denticulatus E.R. Branson and

Spathognathodus strigosus Branson & Mehl are almost identical. The main

distinction which arises from these descriptions is that Spathognathodus

denticulatus has denticles in the anterior third which are much longer than
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those of the rest of the unit, and which are slightly pointed and discrete

to near their bases, whereas Spathognathodus strigosus has only a gradual

ascent of oral denticles toward the anterior end.

The Pilton forms have much higher and larger denticles at the anterior
end, but they are not discrete. Ziegler (1962) and Bouckaert and Ziegler

(1965) name forms identical to those from the Pilton Beds as Spathognathodus

strigosus, and the interpretation of these authors has been followed in this

thesis.

Material studied. 31 specimens

Occurrence. PB.2 - PB.16

Catalogue numbers of the figured specimens. JW.128 - JW.130, JW.133,

— JW.134, Jw.139
Spathognathodus ziegleri Rhodes, Austin & Druce, 1969
(P1.3, figs.8a-8¢)

1934 Spathodus spinulicostatus E.R. Branson; P.305, pl.27, fig.19

= 8. sulciferus)

1956 Spathognathodus spinulicostatus (E.R. Branson): Bischoff & Ziegler;
p.167, pl.13, fig.7.

1957 Spathognathodus spinulicostatus spinulicostatus (E.R. Branson):
Ziegler, in Flugel & Ziegler; p.1,
fig.1lh,

1959 Spathognathodus spinulicostatus spinulicostatus (E.R. Branson):
Helms; pl.3, figs.12a & vb.

1961 Spathognathodus spinulicostatus spinulicostatus (E.R. Branson):

Freyer; p.d7,88, pl.6, fig.1hs5,
text fig.1lh46.
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1962 Spathognathodus costatus spinulicostatus (E.R. Branson): Ziegler;
' p.108, pl.lh, figs.11-18,

1965 Spathognathodus spinulicostatus (E.R. Branson): Austing pl.1,
figs.10,12.

1967 Spathognathodus costatus spinulicostatus (E.R. Branson): Wolska;
p.427, pl.19, figs.13-16.

1967 Spathognathodus costatus spinulicostatus (E.R, Branson): Boogaert;
pl.3, figs.23,2k.

1969 Spathognathodus ziegleri Rhodes, Austin & Druce; p.238, pl.k,
figs.5a-84.

1969 Spathognathodus costatus sulciferus Rhodes, Austin & Druce, p.266,
pl.3, figs.16a-18c.

Diagnosis.

This species has a row of lateral denticles running parallel to the
blade for over three-quarters of its length, as does its related species

Spathognathodus bischoffi. However, in addition there is a shorter second

row of denticles on the opposite side of the blade in the posterior guarter
of the unit, The lateral denticles occur as ribs, the majority of which
reach the main blade, giving the species a ladder-like oral appearance.

The basal cavity is large and asymmetrical, occupying the posterior half

of the element.

Description.

Laterally, the element is seen to be four times as long as high. The

oral edge is highest at the anterior, where three small triangular denticles

are visable, The oral outline falls away very gently, and the denticles
are completely fused to the mid-point. At mid-point the outline rises

gently and denticulation is visible once more, The second highest point
of the oral edge is found in the middle of the posterior third, and then

it falls away to the posterior extremity, From the middle of the posterior
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third to the posterior tip the denticles of the main blade are surpassed in
height by the lateral denticles. The anterior edge is three times as high
as the posterior edge. The aboral outline in lateral view is straight and
the angles made between the anterior and aboral edges, and the posterior

and aboral edges, are approximately 90° in both cases.

Orally, the element appears flat. The free anterior blade is a
quarter of the total length of the unit. On one side of the blade a row
of lateral denticles occurs, running from a point immediately behind the
anterior blade to the posterior extremity. These denticles are rib-like,
the majority of them reaching the blade. The ribs are longest in the
mid-third of the unit. In the posterior quarter of the element, the
denticles of the blade are smaller and less uniform in distribution, and
a second row of lateral denticles is initiated on the opposite side of the
blade. Hence, the posterior quarter shows three rows of denticles, the
middle half shows two, and the anterior quarter one row of denticles
(the free anterior blade). The element is widest in the posterior third,
as here the flared lips of the basal cavity are to be found. The unit is

3.5 times as long as broad.

Aborally the conodont is gently curved. The basal cavity is wide and
flared, occurring in the posterior half of the unit. The cavity is
asymmetrical, the inner half being sub-semicircular and the outer half
showing a distinet fold. It is pointed anteriorly and posteriorly, but
the cavity is more tapered posteriorly wheré it extends to the posterior

extremity.

Only a single right form of this species was recovered from the Pilton

fauna.



227

Remarks.

This species was previously called Spathognathodus costatus

Spinulicostatus by Ziegler (1962), and has recently been renamed

Spathognathodus ziegleri by Rhodes, Austin & Druce (1969), the name being

in honour of Dr. W. Ziegler. The new name aids in distinguishing this
species from Carboniferous forms which are very similar in appearance,

but are near-homeomorphs of Spathognathodus ziegleri. (See discussion

of Spathognathodus costatus.)

Forms previously called Spathognathodus (costatus) spinulicostatus

had been named incorrectly for many years. Branson & Mehl and E.R. Branson

(1934) both figured specimens which they named Spathognathodus sulciferus which

are identical to Spathognathodus (costatus) spinulicostatus, and hence, the

name Spathognathodus (costatus) sulciferus should have had priority, and now

has. This name applies only to the Carboniferous forms. Thus the
completely new terminology proposed by Rhodes, Austin & Druce 1968, clarifies

the problem.

Material studied. 1 (one) specimen.

Occurrence. PB.35

Catalogue number of the figured specimen. JW.121

Spathognathodus (transitional)

Forms transitional between Spathognathodus bischoffi

and Spathognathodus ziegleri

(P1.3, figs.9a-10c; PL.4, figs.la-6c, 8a,b)
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1959 .Spathognathodus jugosus (Branson & Mehl): Hass; pl.50, fig.15

Diaggosis.

These forms are considered to be intermediate between Spathognathodus

bischoffi Rhodes, Austin & Druce and Spathognathodus ziegleri Rhodes, Austin &

Druce. In oral view they show the initiation of a third row of denticles
in the posterior third, but the alignment of the three rows differs from

that of 5. zeigleri, in that they are offset.

Descrigtion.

Laterally these forms have an almost straight oral outline for the
greater part of their length, but in the posterior third this outline
falls gradually to the posterior tip. Denticulation is most prominent in
the posterior half of the oral edge in most specimens. The aboral edge

is also generally straight or sometimes gently undulating.

Aborally these forms have a large basal cavity which is situated in
the mid~third of the unit. The shape of the cavity varies from sub-
circular, through tear-shaped to sub-triangular, also the cavity can be
bilaterally symmetrical or asymmetrical. All the cavities are more

rounded anteriorly and more tapered posteriorly,

In oral view these forms expost two rows of denticles running
sub-parallel for almost the entire length of the unit, as does S. bischoffi.
However, at a point approximately corresponding to the beginning 6f the
posterior third of the element, a third row of denticles is initiated.
Unlike S. zeigleri this third row of denticles may or may not extend to
the posterior tip of the unit, if it does so, however, the other two rows

will fail to reach the posterior extremity. In most cases this third row
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of denticles is developed between the blade and the main lateral row, and
not on the opposite side of the blade from the main lateral row, as in

S. zeigleri. In other forms the three rows develop and immediately the
blade becomes sharply kinked, with the result that the main lateral row
dies out before it reaches the posterior tip, its position occupied by the

realignment of the blade denticles.

Remarks.

Of the specimens found which have been allocated to this group, no
two are the same. They vary in the number of denticles and in the pattern
of their denticle rows. The basal cavities also vary considerably. The
one feature that they all have in common is that three rows of denticles
occur somewhere in the posterior third. In no case do the denticles of
these forms attain the typical alignment characteristic of S. zeigleri,
nor can the forms be assigned to 8. bischoffi because of the presence of a
third row of denticles. In the position of intermediate forms it would
be expected that a great deal of variation would be shown in the elements

assigned to this group.

The anterior blades of the members of this group were missing in most

cases, but they are similar to those of 5. zeigleri.

Material studied. 11 specimens

Occurrence. PB.10 - PB.35

Catalogue numbers of the figured specimens. JW.119, Jw.1l22 - Jw,.127,
JW. 143, Jw,.1kk

It was hoped that these spathognathodids would show an increasing
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similarity with Spathognathodus zeigleri from the older to the younger

Pilton Beds, but no such trend was observed in either the denticulation

or position and shape of the basal cavity.



Spathognathodus aculeatus aculeatus Branson & Mehl

EXPLANATION OF PLATE 1

(all figures x 271)

Fig. 1la
b
c

Fig. 2a
b
c

Fig. 3a
b
c

Lateral view of specimen JW.100
Oral view of specimen JW.100
Aboral view of specimen JW.100

Lateral view of specimen JW.101
Oral view of specimen JW,10l
Aboral view of specimen JW.101

Lateral view of specimen JW.,102
Oral view of specimen JW.102
Aboral view of specimen JW.102

Sample PB.4

Sample PB.?25

Sample PB.9

Spathognathodus aculeatus plumulus (Rhodes, Austin & Druce)

Fig. La
b
¢

Fig. 5a
b
e

Fig. 6a
b
d

Fig. 7a
b
C

Fig, 8a
b

c

Lateral view of specimen JW.1l03
Oral view of specimen JW.103
Aboral view of specimen JW.103

Lateral view of specimen JW.10k
Oral view of specimen JW.1O04
Aboral view of specimen JW,10L

Lateral view of specimen JW.105
Oral view of specimen JW.105
Aboral view of specimen JW.105

Lateral view of specimen JW.106
Oral view of specimen JW.106
Aboral view of specimen JW.106

Lateral view of specimen JW.136
Oral view of specimen JW.136
Aboral view of specimen JW.136

Spathognathodus anteposicornis Scott

Fig. 9a
b
e

Lateral view of specimen JW.107
Oral view of specimen JW,107
Aboral view of specimen JW.107

Sample PB.L4

Sample PB.L4

Sample PB.L

Sample PB.L

Sample PB.4

Sample PB,2
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EXPLANATION OF PLATE 2

(2ll figures x 271)

Spathognathodus anteposicornis Scott

Fig. la
b
c
Fig. 2a
b
c
Fig. 3a
b

Lateral view of specimen JW.108
Oral view of specimen JW.108
Aboral view of specimen JW.108

Lateral view of specimen JW.109
Oral view of specimen JW.109
Aboral view of specimen JW.109

Lateral view of specimen JW.1LO
Oral view of specimen JW.140
Aboral view of specimen JW.140

Spathognathodus bischoffi Rhodes, Austin & Druce

Fig. ka

Oral view of specimen JW.11l1l
Aboral view of specimen JW.1lll
Lateral view of specimen JW.11l1l

Oral view of specimen JW,112
Aboral view of specimen JW,112
Lateral view of specimen JW.1l12

Oral view of specimen JW.11l3
Aboral view of specimen JW.1l1l3
Lateral view of specimen JW,113

Oral view of specimen JW.149
Aboral view of specimen JW.149
Lateral view of specimen JW,149

Sample PB.23

Sample PB,13

Sample PB.13

Sample PB.35

Sample PB.35

Sample PB.30

Sample PB.1h

Spathognathodus aculeatus nodosus (Rhodes, Austin & Druce)

Fig. 8a

Oral view of specimen JW.1l1l5
Lateral view of specimen JW.115
Aboral view of specimen JW.115

Lateral view of specimen JW.116
Oral view of specimen JW.116
Aboral view of specimen JW.116

Oral view of specimen JW,1l1l7
Aboral view of specimen JW,117
Lateral view of specimen JW.11l7

Oral view of specimen JW.1L46

Lateral view of specimen JW.1h6
Aboral view of specimen JW.1L6

Sample PB. 20

Sample PB.4

Sample PB.16

Sample PB.9
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EXPLANATION OF PLATE 3

(all figures x 271)

Spathognathodus aculeatus nodosus (Rhodes, Austin & Druce)

Fig. la Oral view of specimen JW.137
b Aboral view of specimen JW.137
c Lateral view of specimen JW.137 Sample PB.2

Spathognathodus strigosus (Branson & Mehl)

Fig. 2a Lateral view of specimen JW.128

b Oral view of specimen JW.128 Sample PB.4
Fig. 3 Lateral view of specimen JW.129 Sample PB.2
Fig. La Lateral view of specimen JW.130

b Oral view of specimen JW.1l30

c Aboral view of specimen JW.130 Sample PB.9
Fig. 5a Lateral view of specimen JW.133

b Oral view of specimen JW.133

c Aboral view of specimen JW.133 Sample PB.2
Fig. 6a Lateral view of specimen JW.13L

b Oral view of specimen JW.134

c Aboral view of specimen JW.13k4 Sample PB.4
Fig. Ta Lateral view of specimen JW.139

b Oral view of specimen JW.139

c Aboral view of specimen JW.139 . Sample PB.L

Spathognathodus ziegleri Rhodes, Austin & Druce

Fig. 8a Oral view of specimen JW,121
b Lateral view of specimen JW, 121
c Aboral view of specimen JW.121 Sample PB.35

Spathognathodus (transitional)

Fig. Qs Oral view of specimen JW.119

b Aboral view of specimen JW.119

c Lateral view of specimen JW.119 Sample PB.35
Fig.10a Oral view of specimen JW.122

b Aboral view of specimen JW.122

d Lateral view of specimen JW.122 Sample PB.12






EXPLANATION OF PLATE L4

(all figures x271)

Spathognathodus (transitional).

Fig. la
b
c
Fig. 2a
b
c
Fig. 3a
b
c
Fig. La
b
c
Fig., 5a
b
Fig. 6a
b
c
Fig. 8a
b

Spathognathodus aculeatus aculeatus Branson & Mehl

Oral view of specimen JW.123
Aboral view of specimen JW.123
Lateral view of specimen JW.123

Oral view of specimen JW.1l2L
Aboral view of specimen JW.124
Lateral view of specimen JW.124

Oral view of specimen JW.125
Aboral view of specimen JW,125
Lateral view of specimen JW.125

Oral view of specimen JW.126
Aboral view of specimen JW.126
Lateral view of specimen JW.126

Oral view of specimen JW.1.27
Aboral view of specimen JW.1l27

Oral view of specimen JW.143
Aboral view of specimen JW.1Lk3
Lateral view of specimen JW.143

Oral view of specimen JW.1h4
Aboral view of specimen JW.1hk

Fig. Ta
b
c

Lateral view of specimen JW.1lks5
Oral view of specimen JW.1l45
Aboral view of specimen JW.1L5

Sample
Sample
Sample

Sample

Sample

Sample

Sample

Sample

Pseudopolygnathus dentilineata E.R. Branson (MORPHOTYPE I)

Fig. 9a
b
Fig.10a
b

c

Oral view of specimen JW.154
Aboral view of specimen JW.15k

Oral view of specimen JW.155
Aboral view of specimen JW.155
Lateral view of specimen JW.155

Sample

Sample

PB.

PB.

PB.

PB.

PB.

PB.

PB.

PB.

PB.

PB.

10

16

23

)l

28

16

16

16

16

16

o34
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EXPLANATION OF PLATE 5

(all figures x 271)

Pseudopolygnathus dentilineata E.R. Branson (MORPHOTYPE I)

Fig. la Oral view of specimen JW,156

b Aboral view of specimen JW.156

c Lateral view of specimen JW.156 Sample PB,16
Fig. 2a Oral view of specimen JW.157

b Aboral view of specimen JW.157

c Lateral view of specimen JW.157 Sample PB.1l6

Pseudopolygnathus dentilineata E.R. Branson (MORPHOTYPE II)

Fig. 3a Oral view of specimen JW.158

b Aboral view of specimen JW.158

c Lateral view of specimen JW.158 Sample PB.16
Fig. k4a Oral view of specimen JW.159

b Aboral view of specimen JW.159

c Lateral view of specimen JW.159 Sample PB.1l6
Fig. 5a Oral view of specimen JW.160

b Aboral view of specimen JW.160

c Lateral view of specimen JW.160 Sample PB.16
Fig. 6a Oral view of specimen JW.161l

b Aboral view of specimen JW.161

c Lateral view of specimen JW.161 Semple PB.16
Fig. Ta Oral view of specimen JW.162

b Aboral view of specimen JW.162

c Lateral view of specimen JW.162 Semple PB.16

Pseudopolygnathus dentilineata E.R. Branson (MORPHOTYPE III)

Fig. 8a Oral view of specimen JW.163

b Aboral view of specimen JW,163

c Lateral view of specimen JW,163 Sample PB.16
Fig. 9a Oral view of specimen JW.1l6L4

b Aboral view of specimen JW.164

c Lateral view of specimen JW,16k4 Sample PB,16






EXPLANATION OF PLATE 6

(all figures x271)

Pseudopolygnathus dentilineata E.R,Branson (MORPHOTYPE IIT)

Fig. la

Oral view of specimen JW.165
Aboral view of specimen JW.165
Lateral view of specimen JW.165

Oral view of specimen JW.166
Aboral view of specimen JW.166
Lateral view of specimen JW.166

Oral view of specimen JW.167
Aboral view of specimen JW.167
Lateral view of specimen JW.167

Oral view of specimen JW.168
Aboral view of specimen JW.168
Lateral view of specimen JW.168

Sample PB.16

Sample PB.16

Sample PB.16

Sample PB.16

Pseudopolygnathus dentilineata E.R. Branson (MORPHOTYPE IV)

Fig. 5a
b
c

Fig. 6a

Oral view of specimen JW.169
Aboral view of specimen JW.169
Lateral view of specimen JW.169

Oral view of specimen JW.1l70
Aboral view of specimen JW.170
Lateral view of specimen JW.170

Oral view of specimen JW.1l71
Aboral view of specimen JW.171
Lateral view of specimen JW.171

Pseudopolygnathus sp. nov.

Fig. 8a

Oral view of specimen JW.172
Aboral view of specimen JW.1l72
Lateral view of specimen JW.172

Oral view of specimen JW.173
Aboral view of specimen JW.173
Lateral view of specimen JW.173

Sample PB.16

Sample PB.16

Sample PB.16

Sample PB,10

Sample PB.10
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EXPLANATION OF PLATE 7

(all figures x271)
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Pseudopolygnathus dentilineata E.R. Branson (CENTRAL SPECIMEN)

Fig. la
b
c
Fig. 2a
b
Fig. 3a
b
c
Fig. L
>
6
7

Icriodus sp.

Fig. 8a

Oral view of specimen JW.17h
Aboral view of specimen JW.17h4
Lateral view of specimen JW.17k

Oral view of specimen JW.175
Lateral view of specimen JW.175

Oral view of specimen JW.176
Aboral view of specimen JW.176
Lateral view of specimen JW.176

Oral and Aboral views of a

series of specimens showing

growth stages of P. dentilineata
E.R. Branson. Specimens JW.150-153

Oral view of specimen JW.1l77
Aboral view of specimen JW.1l77
Lateral view of specimen JW.177

Icriodus costatus (Thomas)

Fig. 9a
b
c
Fig.10a
b
c

Oral view of specimen JW.1l79
Aboral view of specimen JW.179
Lateral view of specimen JW.179

Oral view of specimen JW.178 (Juvenile)

Aboral view of specimen JW,178
Lateral view of specimen JW.178

Sample PB.12

Sample PB,12

Sample PB.20

Sample PB.16

Sample B.7

Sample PB,12

Sample PB,12






EXPLANATION OF PLATE 8

(all figures x 271)

Ieriodus costatus (Thomas)

Fig. la
b
c
Fig. 3a
b

Icriodus sp. nov.

Fig. 2a

Oral view of specimen JW.180
Aboral view of specimen JW.180

Lateral view of specimen JW.180

Oral view of specimen JW.182
Aboral view of specimen JW.182
Lateral view of specimen JW.182

Oral view of specimen JW.181
Aboral view of specimen JW.181
Lateral view of specimen JW.181

Pelekysgnathus communis Thomas

Fig. ba

Oral view of specimen JW.183
Aboral view of specimen JW.183
Lateral view of specimen JW.183

Oral view of specimen JW.184
Aboral view of specimen JW,.184
Lateral view of specimen JW.184

Oral view of specimen JW.186
Aboral view of specimen JW.186
Lateral view of specimen JW.186

Pelekysgnathus croydeus sp. nov.

Fig. Ta
b
c

Fig. 8a

Oral view of Holotype JW.185
Aboral view of Holotype JW.185
Lateral view of Holotype JW.185

Oral view of Paratype JW.189
Aboral view of Paratype JW.189
Lateral view of Paratype JW.189

Oral view of Paratype JW.188
Aboral view of Paratype JW.188
Lateral view of Paratype JW.188

Oral view of Paratype JW.187
Aboral view of Paratype JW.187
Lateral view of Paratype JW.187

Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

PB.

PB.

PB.

PB.

PB.

PB.

PB.

.16

16

.15

24
2l

16

o

29

2

PB.2
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EXPLANATION OF PLATE 9

(all figures x 271)

Polygnathus communis carina Hass

Fig. la

Oral view of specimen JW.19L
Aboral view of specimen JW.1G1
Lateral view of specimen JW.191

Oral view of specimen JW.192
Aboral view of specimen JW.192
Lateral view of specimen JW.192

Oral view of specimen JW.193
Aboral view of specimen JW.193
Lateral view of specimen JW.193

Polygnathus communis communis Branson & Mehl

Fig. k4a

Fig. 5a

Fig. 6a

Fig. 7a

Fig. 8a

Fig. 9a

Oral view of specimen JW.194
Aboral view of specimen JW.194
Lateral view of specimen JW.194

QOral view of specimen JW.195
Aboral view of specimen JW.195
Lateral view of specimen JW.195

Oral view of specimen JW.196
Aboral view of specimen JW.196
Lateral view of specimen JW.196

Oral view of specimen JW.1l97
Aboral view of specimen JW.197
Lateral view of specimen JW.197

Oral view of specimen JW.198
Aboral view of specimen JW.198
Lateral view of specimen JW.198

Oral view of specimen JW.199
Aboral view of specimen JW.199
Lateral view of specimen JW.199

Oral view of specimen JW.200
Aboral view of specimen JW.200
Lateral view of specimen JW.200

Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

PB

PB.

PB.

PB.

PB.

PB.

PB.

PB.

PB.

A

L

13

oY

ok

17

20

27

.27

25
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Polygnathus communis comminls Branson & Mehl

Fig.lla Oral view of specimen JW.201
b Aboral view of specimen JW.201
c Lateral view of specimen JW.201
Fig.1l2a Oral view of specimen JW.202
o] Aboral view of specimen JW, 202

c Lateral view of specimen JW.202

Sample PB, 25

Sample PB,25
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EXPLANATION OF PLATE 10

(all figures x271)

Polyenathus communis communis Branson & Mehl

Fig. la Oral view of specimen JW.203
b Lateral view of specimen JW.203
Fig. 2a Oral view of specimen JW.20k
b Aboral view of specimen JW.20h
c lateral view of specimen JW.20k4

Polygnathus lacinatus lacinatus Huddle

Fig. 3a Oral view of specimen JW.205

b Aboral view of specimen JW.205

c Lateral view of specimen JW.205
Fig. ha Oral view of specimen JW.206

b Aboral view of specimen JW.206

c Lateral view of specimen JW.206
Fig. 5a Oral view of specimen JW.207

b Aboral view of specimen JW.207

c Lateral view of specimen JW.207
Fig. ba Oral view of specimen JW.208

b Aboral view of specimen JW.Z208

¢ Lateral view of specimen JW.208
Fig., Ta Oral view of specimen JW.209

o) Aboral view of specimen JW.209

c Lateral view of specimen JW.209
Fig. 8a Oral view of specimen JW.210

b Aboral view of specimen JW.210

c Lateral view of specimen JW.210

Polygnathus cf. P. lacinatus Huddle

Fig. 9a Oral view of specimen JW.212
b Aboral view of specimen JW.212
c Lateral view of specimen JW.212

Polygnathus pura pura Voges

Fig.10a Oral view of specimen JW.211
b Aboral view of specimen JW.211
e Lateral view of specimen JW.211

Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

Sample

PB.25

PB.24

PB.21

PB.25

PB. 24

PB.36

PB.34

PB. 2L

PB. 20

F.8
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EXPLANATION OF PLATE 11

(all figures x 271)

Polzggathus cf. P. lacinatus Huddle

Fig. la

Fig, 2a

Fig. 3a

Fig. La

Fig. ba

Oral view of specimen JW.213
Aboral view of specimen JW.213
Lateral view of specimen JW.213

Oral view of specimen JW.21k4
Aboral view of specimen JW.21L
Lateral view of specimen JW.21k

Oral view of specimen JW.215
Aboral view of specimen JW.215
Lateral view of specimen JW.215

Oral view of specimen JW.216
Aboral view of specimen JW.216
Lateral view of specimen JW.216

Oral view of specimen JW.217
Aboral view of specimen JW.217

Polygnathus inornatus inornatus Branson & Mehl

Fig. 6a
b

Fig. T7a
b
c

Fig. 8a
b
c

Oral view of specimen JW.218
Aboral view of specimen JW.218

Oral view of specimen JW.219
Aboral view of specimen JW.219
Lateral view of specimen JW.219

Oral view of specimen JW.220
Aboral view of specimen JW.220
Lateral view of specimen JW.220

Polygnathus cf. P. nodomarginatﬁs E.R. Branson

Fig, Qa
b
c
Fig.l1l0a
b

Oral view of specimen JW,222
Aboral view of specimen JW.222
Lateral view of specimen JW.222

Oral view of specimen JW.221
Aboral view of specimen JW.221
Lateral view of specimen JW.221

Sample PB.2L

Sample PB.2L4

Sample PB.36

Sample PB, 36

Sample PB.35

Sample PB.36

Sample PB.35

Sample PB. 36

Sample PB.16

Sample PB.35

oLo
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Hibbardella (Hibbardella) cf. H. macrodentata Thomas

EXPLANATION OF PLATE 12

(all figures x271)

Fig. 1la
b

c

Fig, 3
Fig. ka
b
Fig. 6a
b
Fig. Ta
' b

Anterior view of specimen JW.224
Posterior view of specimen JW.22L4
Aboral view of specimen JW.224

Posterior view of specimen JW,225

Posterior view of specimen JW.226
Aboral view of specimen JW.226

Posterior view of specimen JW.228
Aboral view of specimen JW.228

Anterior view of specimen JW.229
Aboral view of specimen JW.229

Polygnathus cf. P. nodomarginatus E.R. Branson

Fig. 2a
b
c

Oral view of specimen JW.223
Aboral view of specimen JW.223
Lateral view of specimen JW.223

Hibbardella (Hibbardella) sp.

Fig. 5a
b

Posterior view of specimen JW.227
Lateral view of specimen JW.227

Hindeodella subtilis Ulrich & Bassler

Fig. 8a
b
c
Fig.10a
b
e
Fig.llha
b

Oral view of specimen JW.230
Aboral view of specimen JW.230
Lateral view of specimen JW.230

Oral view of specimen JW.232
Aboral view of specimen JW.232
Lateral view of specimen JW.232

Oral view of specimen JW.236
Aboral view of specimen JW.236
Lateral view of specimen JW.236

Sample PR.

Sample PR

Sample PR,

Sample PB.

Sample PR,

Sample PB,

Sample PRB.

Sample PR,

Sample PB,

Sample PR,
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25
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Hindeodella corpulenta Branson & Mehl

Fig. 9a Oral view of specimen JW.231
b Aboral view of specimen JW.231
c Lateral view of specimen JW.231
Fig.1lla Oral view of specimen JW, 233
b Aboral view of specimen JW.233
c Lateral view of specimen JW.233

Hindeodella cf. E. tenuis Clarke

Fig.l2a Oral view of specimen JW.234
b Aboral view of specimen JW.234
c Lateral view of specimen JW.234
Fig.13a Oral view of specimen JW.235

b Lateral view of specimen JW.235

Sample PB,35

Sample PB.36

Sample PB.4

Sample PB.4

2kl






EXPLANATION OF PLATE 13

(all figures x 271)

Hindeodina simplaria Hass

Fig. la
b
c
Fig. 2a
b
? Angulodus sp.
Fig. 3a
Jo)
c
Fig. La
b
Fig. 5a
b

C

Falcodus sp.

Fig. 6a
b

Oral view of specimen JW.237
Aboral view of specimen JW.237
Lateral view of specimen JW.237

Oral view of specimen JW.238
Aboral view of specimen JW.238

Oral view of specimen JW.239
Aboral view of specimen JW.239
Lateral view of specimen JW.239

Lateral view of specimen JW.2L40
Aboral view of specimen JW.240

Oral view of specimen JW.24l
Aboral view of specimen JW.2U41
Lateral view of specimen JW.2uLl

Lateral view of specimen JW.247
Lateral view of specimen JW.247

Neoprioniodus confluens (Branson & Mehl)

FPig. 7a
b
Fig. 8a
b
Fig. 9a
b

Ozarkodina sp.

Fig.10a
b

Lateral view of specimen JW.243
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CONCLUSIONS

The conodont faunas of the Upper Baggy and the Pilton Beds serve to
confirm Goldring's (1956) interpretation of the age of these beds on the
basis of the macrofauna.  The Upper Baggy and Lower Pilton Formations

are of Wocklumeria Stufe age, while those Upper Pilton Beds which proved

productive are tentatively correlated with rocks of Gattendorfia Stufe age.

The absence of productive conodont horizons in the many inland exposures
of the Baggy and Pilton Beds has restricted this study to the well exposed
coastal section at Croyde Bay and Fremington Pill. It is unfortunate that
between the youngest productive horizons exposed at Croyde Bay and the
oldest productive horizons exposed at Fremington, there is a substantial
thickness of unproductive strata which occur in a most critical
stratigraphical position. The oldest Croyde Bay faunas are Upper Devonian,
while the youngest Fremington faunas are probably Lower Carboniferous.

The transition in the faunas from the top of one system to the base of the

other is thus interrupted.

Despite this interruption, the conodoﬁt faunas of the Baggy and Pilton
Beds show basic similarities to those of the German type section, although,
in the upper portion of the Lower Pilton Beds, forms more typical of the
British Avonian type section are also well represented. In this sense
these rocks can be considered to bear a mixed fauna, perhaps a response to

a facies type intermediate between those of the 'shelf' and 'trough' seas.
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