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not therefore included in this study. The Little and Crow Limestones are 

also excluded because of the lack of specimens. Since the forms are 

gradational, those indicated in the figure tend to be the extrel'OO forms. 

The following remarks refer only to G. p;irtyi girtyi and the 

features described are the most distinctive features of the forms in 

question. 

Only Form 9 (see text-fig. 17 ) was found in the Hawes LiroostClle. 

It bears a prominent posterior extension to the carina, on which are 

situated two large bulbous nodes, one behind the other. The posterior 

margin of both sides of the platform is formed by the anterior margin 

of the anterior-most of the two nodes. 

In the Gayle Limestone Form 9 was joined by the foll0'7ing 4 

types: - (a) Form 5, which bears a strongly bowed carina, an outer side 

to the platform which extends to the sharply pointed posterior margin of 
of 

the unit and isj:fairly uniform width along its length and an inner side 

which is more anteriorly set than the outer since it does not extend to 

the posterior margin of the unit. The ornamentation of the two sides 

differs and consists of small discrete nodes on the outer margin of the 

outer side and transverse ridges on the inner side. 

(b) Form 2, which is closely related to Form 5 but differs 

from the latter in that the inner and outer sides of the platform both 

extend to the posterior margin of the unit. 

(c) Form 1, which has a posteriorly pointed platform to which 

both sides plus the carina extend. The inner side is longer than the 

outer side and is ornaImnted with transverse ridges which diminish into 

nodes posteriorly. The outer side bears a rowd' discrete nodes along 

its outer margin. 

(d) Form 10, which bears a nodose carina, a nodose outer side 

which extends to the posterior extremity and a very short, convex, 

transversely ridged inner side which has a noded extension to the posterior 

margin of the unit. 

The Simonstone Lirnestone contains Forms 4 and 9 and these 
-are joined by Form 14. The latter has a sharply-pointed posterior 
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consisting of the noded outer side of the platf~ plus the carina. 

Its inner side extends to i to ~ the length of the platform from the 

posterior end end terminates anteriorly in the same position as the outer 

side. The inner margin of the unit is straight and lacks the indentation 

caused by the offset inner side of the platform in Fore 5. 

Th~ Mlddle Limestone contains Forms 1,9,10 and 14, all of 

which have been described from lower horizons, whilst Form 14 is the 

only one present in the Five Yard Limestone. 

The Three Yard. Limestone contains 6 types, of which Forma 

5 and 14 have already been described. The remaining 4 are as follows:­

(a) Form 12, which is similar to Form 9 but has a posterior 

extension to the carina which is unmodified by nodes. 

(b) Form 16, which bears 7 pronounced nodes at the posterior 

end of the unit. These are arranged in 'bYo rows of 3, one behind the 

other, representing the inner Side, carina and outerside, with a single 

central node terminating the unit. 

(c) Form 18, which is the only form in which both sides of 

the platform are transversely ridged and of equal size. 

(d) Farm 19, in which the posterior part of the blade is 

greatly thickened to equal the width of the platform into which it UJ'3rges. 

The Underset Limestone contains Forms 5,12,14,18 end 19 and 

the :t!a.in Lim3stone Forms 5,12, and 16, all of which have been described 

from loWer horizons. 

The only remaining new forms are those of the l.tirk Fell Beds, 

where the Gnathcdus fauna was very distinctive since this is the only 

horizon to contain both varieties of G. eirtXi and the new species 

G. confixus. G. girt!i girtyi consists of 3 main types, one of which, 

Form 16, has already been described. The 2 remaining forms are e,s 

folloos:-

(a) Form 20, in which the inner aide of the platform is very 

short and has retreated even further from the posterior margin of the 

unit than the outer side, its place being taken by a single large node 

adjacent to the carina. 
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(b) Form21, in which the platform is indented at both its 

margins at half its length, the carina is broad and extends to the 

posterior margin of the unitcand the ornamentation of both sides of the 

platform consists of ridges enteriorly and nodes posteriorly. 

Gnathodus girtyi thus exhibits the greatest ~ount of variation 

of any single species in this report. G. girtyi sulcatus is a distinotive 

variety whioh could have given rise to Streptognathodus in the Namurian 

by the continued degeneration of the carina. The closely related new 

species G. confixus is confined to the Mirk Fell Beds and could be the 

ancestor or Idiognathodus or Idiognathoides, by the continued fusion of the 

nodes. The single variety G. girtyi girtyi is extreJrely variable but 

little V31uecan be seen in further splitting since the various forma are 

completely gradational and it would no doubt cause great confusion to 

erect further artificial boundaries. 

5. ACONSIDERATICN CF THE NATURAL CON'ODOO ASSElIIDIAGES WHICH CCll'LD HAVE 

GIVEN RISE'ro THE FORM Gml'ERA AND SPECIES OF THE YORlIDA1..E SERlES 

A consideration of the natural conodont assemblages which 

have been described (Schmidt 1934, 1939; Jones 1938; DUBois 1943; 

Soott 1934, 1942; Cooper 1945; Rhodes 1952) indicates that two natural 

assemblage genera i.e. Westfalicus (Schmidt 1934)·and Lewistownella 

Scott 1942, could have given rise to a part of the faunas of form genera 

and species found in the Yoredale Series. 

Schmidt (1934) described a natural assemblage containing the 

form genera Gnathodus, Bryantodus and Lonchodus (Hindeodella) which he 

named Gnathodus inte,ger. In view of the difficulties involved in 

nomenclature it was suggested by Rhodes (1962) that the only solution 

would be to giverew names to natural conodont assemblages and to retain 

the existing system of nomenclature for isolated conodonts. Thus 

Schmidt t s assemblage appears as Westfalicus in the Treatise on Invertebrate 
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Palaeontology. Rhcdes (1962) expressed the opinion that althoueh it is 

difficult todheck Schmidt's determinations from his figures, the Bryantodus 

seems to be Ozarkodina and the Lonchodus blades include Hindeodella am 

Synprioniodina. If this is so, Westfalicus could well have given rise 

to a small part of the Yoredale conodont faunas. 

Lewistownella Scott 1942, comprises the following form genera:­

Cavusp;nathus, Subbryantcrlus, Neoprioniodus and Hindeodella, each of which 

have been found in the present study. Unfortunately Subbryantodus is 

very uncanmon and Cavuse;nathus is also uncommon in the lower half of the 

succession. It therefore seems likely that although r~wistownella could 

have contributed to the Yoredale concx1ont faunas its importance must not 

be overestimated. 

Illinella typica Rhodes 1952, could not have been present since 

each assemblage contains one pair of Gondolella, which is caapletely 

absent in the Yoredale Series, plus a predominancecf Lanchodus, of which 

only occasional fragments have been recognised. Scottognathu8 typica 

(Rhcx1es 1952) contains Idiognathodus, which is also absent, plus a 

predominance of Streptoenathodu8, which has onlybaen found, atypically 

developed, in the lUrk Fell Beds. The latter fonn genus was also an 

important constituent of the Pennsylvanian natural assemblage described 

by DuBois (1943). Duboisella typica Rhcx1es 1952, could p~~sibly have 

been present in the Yoredale Series but onlY in its upper part because 

it, includes J.retalonchodina, which is restricted to the Mirk Fell Beds. 

Lochriea Scott 1942, contains the formg:nera Smthoenathodus, NeoPEioniodus 

and Hindeodella each of which are present in the Yordale Series but also 

contains Prioniodella, which is completely absent. 

The only known natural conodont assemblages which could have 

contributed to the Yoredale conodont faunas are therefore Westfalicus 

(Schmidt 1943) and Lewistownella Scott 1942. Their exact importance, 

if present, is unknown since they were by no !mans the only contributors 

and may only have been of minor importance. The majority of the form 

genera and species of concx1onts present in the Yorcdale Series therefore 

probably originated from an as yet unknown natural assemblage. 
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6. COTCLUSIONS TO THE PALAEOOotOOY OF YQREDALE crnmarrs 

The conodont faunas of the Yoredale Series have been of great 

interest both because of the large number of species present, many of 

which are new, and the large number of specmns available. About 9,000 

specimens have been obtained from 11 limestmes and their lateral 

equivalents, plus the 'Mlrk Fell Beds and about 65-70% of this number of 

individuals were preserved sufficiently completely for an accurate 

identification to be made. A total of 76 species and 4 varieties have 

been described from 22 genera. 23 of the farms were described for the 

first time in the present ,report and are listed bel~v:­

Apatognathus? chaulioda 

Apatognathus? cuspidata 

Apatoenathus? librata 

Apatoenathus? petila 

Apatognathus? scalena 

Cavusgnathus middlehopensis 

Gnathodus confixus 

Gnathodus nodo3us radiolus 

Hibbardella apsida 

Hindeodella hamatilis 

Hindeodus sp. A. 

Hindeodus ap. B. 

Larnbdagnathus n.ap. A. 

Lambdagnathus sp. B. 

Lieonodina n.ap.A. 

Lonchodina n.ap.A. 
Lonchooina sp.B. 
Magnilaterella alternata 

Magnilaterella ap.A. 
Ozarkodina adunca 
~zarkodina ap. A. 

Ozarkodina ap. B. 

Spathognathodus sp. A. 

In addition 3 existing varieties have been raised to specific level. 

The majority of the Yoredale conodont faunas have been dominated 
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by the genus Gnathodus, which in:lndividual samples may comprise over 60% 

of the whole fauna and in individual limestones may be 50%. G. girtyi 

seemed to bear a sympathetic relationship to the Gnathodus commutatus/ 

nodosus/homopunctatus series of forms, for whilst the forcer was the 

most common species, its occasional presence in much smaller numbers was 

compensated by an increase in numbers in the latter species. G.bilineatus 

was rarely a common form although it was often present in small numbers. 

The Yaredale conoocnt faunas were unique in the combined 

abundance of Gnathodus and Apatognathus? Six species of the latter 

genus have been described, 5 of which were new, reprenenting 10-1~ of 

the individual faunas, although occasional small faunas contained a 

much greater proportion. 

Other important genera, as far as numbers of individuals and 

species are concerned, were Neoprion~·oaus, Ligonod1na, Spathognathodus 

and Hindeodella. The latter genus is undoubtedly underesttmated in a 

study of this sort since its remains. are so often fragmentary that most 

are probably lost in the pt"cparatian procedures and the majority of those 

specimens which are retained are beyond specific identification. This 

is substantiated to some extent by the fact that Hindeodella was 4 times 

as abundant as each of the other components in a number of the natural 

assemblages discussed earlier, including Westfalicus. 

Another very interesting feature of Yoredale conoclmt faunas 

has been the presence of Magnilaterella. This genus has for many yearn 

appeared in small numbers in America and in Europe and has been variously 

referred to IJonchcxlina, Ligonodina. or simply N'ew Genus. It was only in 

1963 that Rexroad and Collinson were able to describe sufficient material 

to erect a new genus, with Magnilaterella robusta as the type species. 

This species, plus M. complectens (Clarke), M. recurvata (Bischoff) and 

several new forms have been found in the Yoredale Series, where the 

combination of Mappilaterella with Apatoenathud? bears a striking resem­

blance to the faunas of the St. Louis Formation, described by Rexroad 

and Collinson (1963). 

The presence of' Streptognathcxlus in the Mirk Fell Beds has had 
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a number of important repercussions, most of which will be discussed 

later. One, however, is that it appears that this genus could have 

arisen from two sources. In the Yoredale Series a definite transition 

is visible from Cavusgnathus unioornis to an admittedly atypioal 

Streptognathodos unioornis. The latter is atypioal in the short length 

of its blade but this struoture is definitely oentrally placed, as 

opposed to the lateral position in Cavusgnathus. It is therefore 

considered that all the Yoredale representatives of Streptognathodus 

originated fram Cavusgnathus. It is also possible, haNever, that later 

forms originated from Gnathodus eirtyi sulcatus. The latter appears 

sporadically and in small numbers from the Hawes Limestone to the lUrk 

Fell Beds and differs from Gnathodus girtyi eirtyi mainly in the partial 

or complete degeneration of the carina into discrete nodes. A continued 

degeneration of the oentral struoture in this way would result in a 

platformed conodont, with a central sulcus, lateral ornamentation and 

a central blade i.e. Streptoenath~lus. 

A consideration of the known natural conodont assemblages 

has shown that the natural assemblage genera Westfalicus(Schmidt 1934) 

and Lewistownella Scott 1942, could have contributed to the Yoredale 

oonodont faunas of the for.m genera and species. These could not, 

however, have been the only natural assemblages involved for several 

reasons. Firstly, the genus Gnathodus is much more conmon than its 

nearest rival and yet the only natural assemblege containing this form 

genus did so in equal proportions to Ozarkodina and Synprioniodina. 

The latter have only been obtained in very small numbers compared with 

Gnathodus, as is illustrated by the follOWing ratios. 

Gnathoous Ozarkodina Synprioniodina 

Westfalicus 1 1 1 

Yoredale Series 194 9 1 

Other form genera present in both natural assemblages and 

the Yoredale Series may be very rare in the latter e.g. the form genus 

Subbryantodus of' I.ewistownella. 

In addition 9 of the 22 genera present in the Yoredale Series 
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have never been desoribed from a natural assemblage. Inoluded in this 

oategory is Apatognathus?, the seoond most oommon genus of the stuqy. 

It is therefore oonsidered that at least one, probably several, 

unknown natural assemblage genera have oontributed to the Yore dale 

oonodont faunas and that their most important oonstituents must have been 

the form genera G-nathodus, Apatoldnathutn, Neoprioniodus and ligonodina. 



CHAPTER FOUR 

STRATIGRAPHY OF YOREDALE CONODONTS 



CHAPTER IV 

1. INTRODUCTION 

It has already been pointed out (Chapter One) that the 

Yoredale Series does not lend itself to subdivision by any of the 

accepted zonal schemes. Tho Coral/Brachiopod zonal scheme has been 

relatively unsucoessful because of the insensitivity of the Intter over 

such a relatively short period of time and although the base of the 

succession in the present report has been taken at the D1/D2 junotion, 

it was the Girvanella Band, whioh ooinoides with this junotion, whioh 

was the important marker horizon. The Goniatite zonal soheme, of prime 

importance in other regions, is of little "working value" in the Yoredale 

Series because of the extreme rarity of these fossils and the poor state 

of preservation of those whioh are found. 

The importanoe of conodonts in the Yoredale Series may 

therefore be judged in the light of the absenoe of an accurate or readily 

applicable zonal soheme and also in the light of the present chapter. 

It has already been seen (Chapter Three) that oonodonts are abundant in 

these beds and exhibit a wide degree of variation, both within speoifio 

horizons and from one horizon to another. In a series of variable 

strata suoh as those of the Yore dale Series, where many different 

environments from fully marine to terrestrial are represented, it is 

inevitable that any zonal soheme would have to concentrate on certnin 

speoifio horizons from eaoh cyclothem and would not be based upon the 

findings from the whole of the suooession of strata. The conodont 

animal is oonsidered to have been virtually, if not completely restricted 

to a marine environment, with the result that conodonts may only be 

found in the marine horizons of each cyclothem. These horizons are 

represented by limestone, which is often the dominant litholo~ of eaoh 

cyclothem and calcareous shale, which is in almost all casEI'! present. 

The present report however has concerned only the thick limestone at the 

base of each oyolothem plus the shales and ironstones of the },lirk 14'ell 



- 188 -

Beds. The reason for this was the failure to obtain any conodonts from 

the marine shales in the preliminary sampling and the finding of abundant 

speoimens in the limestones. Since that time only the limestones have 

been studied, with the exoeption of the Mirk Fell Beds but it is possible 

that conodonts are nevertheless present in some of the marine shales at 

restricted horizons. The following remarks therefore refer only to the 

limestone of eaoh cyolothem unless otherwise stated. 

PrOviding fossils are present in a series of beds, it is 

their distribution through those beds whioh is most important to 

stratigraphy. The present ohapter disousses the various aspeots of 

oonodont distribution within the Yoredale Series and summarises the major 

faotors influencing this distribution. Also inoluded is a short 

summar.y of the associated miorofaunas encountered in this stu~. 

2. DISTRIBUTION OF CONODONTS THROUGH INDIVIDUAI, YOREDALE LIMESTONES 

Throughout this study the samples of limestone have been 

weighed and a standard size of 1750 gms. has in all oases been digested 

in aoid. At certain hori%ons a further amount of sample may have been 

digested separately, but all the following remarks refer to the number 

of conodonts obtained from the standard-sized sample. 

A reoord of the number of conodonts obtained from each 

limestone sample has illustrated a remarlcable oonstanoy in pattern of 

distribution of these fossils through the individual limestones. 

Referenoe to text fig.(23) however indioates that this pattern may be 

complicated by several faotors. A description of the distribution of 

oonodonts through eaoh of the individual limestones follows. 

(a) Hawes Limestone:-

Only the upper 30ft. of tho Hawes Limestone has been 

sampled in the present study. This limestone contained only small 

faunas of conodonts, the three lowest samples yielding only 7 speCimens, 

but the number of conodonts per sample inoreased upwards ruld reached a 

maximum of 4.2 in the sample from 5ft. below the top beddinG-plane. 
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From this position there was a decrease to the top of the limostone, which 

was barren. 

(b) Hardraw Scar Limestone:-

The pattern of distribution in the Hardraw Soar 

Limestone (50ft. thick) was very similar to that of the Hawes Limestone 

with small faunas containing a maximum of 6 specimens, in the lower 35ft. 

of the limestone, a maximum abundanoe (22 specimens) at 10ft. below the 

top bedding plane and a deorease to the top of tho bed, whioh oontained 

12 specimens. 

(c) Scar Limestone:-

Only the upper 10ft of tho Scar Limestono was sampled 

but the 3 samples available indioated that tho conodont distribution in 

this bed was almost identioal to that of the Hawes Limestone, with a 

maximum concentration of conodonts at a position 5ft. below the barren 

top of the bed. 

(d) Great Limestone:-

The Great Limestone (23ft. thiok) of Borrowdale Beok 

oontained much larger faunas than those so far desoribed but their 

distribution was fairly typical. The basal sample contained 12 conodonts, 

the next samples (18, 13 and 10ft. below tho top) val~ed between 25 

and 30 specimens, the maxim\m concentration at 8ft. contained a sudden 

increase to 350 specimens and from this point the deoline in numbers to 

the top bedding plane was interMlpted only by the sample from 4ft. below 

the top, which contained rather fewer oonodonts than might have br-!en 

expected. (46 speoimens as opposed to 69 in the top beddin~ plane). 

(e) Four Fathom Limestone:-

Only the upper 7ft. of the Four Fathom I,imestone was 

sampled from Borrowdale Beck but the 6 samples collected from this 

thicy~ess indicated a comparable distribution pattern with those limestones 

already described. One difference however was that in this limestone 

the horizon of maximum concentration of conodonts (108 specimens) 

occurred at only 1 ft. below the top of the bed but there was nevertheless 

an appreciable decline in numbers to the top, which conta.ined only 23 

specimens. 
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(£) Five Yard Limestone:-

The Five Yard Limestone, collected from Middlehope 

Burn, Weardale, was complicated lithologically by a shale/limestone/shale/ 

limestone sequence making up its top 3ift. Samples were taken from each 

of these bands but all proved to be barren. The remaining 12ft. of 

massive limestone however conformed closely to the pattern alrca~ 

described and the maximum concentration of conodonts (34 speoimens) 

occurred at 3£t. below the top of this massive unit, with a decrease 

upwards and downwards. 

(g) ~ayle Limestone:-

The ~ayle Limestone was espeoially interesting for 

three reasons. Firstly it contains a thin calcareous shale band 

between 8 and 9ft. below the top, secondly the conodont distribution 

pattern was ver,y pronounoed and thirdly, the limestone was sampled at 

1£t. intervals throughout its thickness so that the distribution of 

conodonts could be acourately studied. The close sampling has resulted 

in slight irregularities in the conoentration of conodonts being 

apparent but the general pattern conforms with that alrea~ described. 

The only irregularity is an interruption in the distribution at the 

horizon of the shale band. From the base the faunas become eradually 

larger up through the bed, but 1ft. below the shale band there was a 

sudden reduction in numbers of conodonts, and the sample immediately 

underlying the shale was, like the shale itself, barren. Above the 

shale there was a rapid increase in numbers and tho pattern continued in 

its original form. 

The general form of the conodont distribution thrOUGh all 

the limestones so far described has therefore been a gradual increase in 

concentration upwards from the base to a point within the upper !rd of 

the bed, from where there was a decrease to the top becldinr; plane, which 

mayor may not be barren. Interruptions in the litholol~ Cave rise to 

interruptions in the distribution of conodonts, but did not substantially 

change the pattern of' distribution. 

(h) Three Yard Limestone:-

A second pattern of distribution, amply illustrated 
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by the Three Yard Limestone from both its sampled looalities, appeared 

as an extension of the trend already described in the Four Fathom Limestone, 

where the maximum ooncentration of oonodonts was only 1 ft. below the top 

of the bed. In the Three Yard Limestone from Weardale, the maximum 

concentration of conodonts (478 specimens) was actually at the top of 

the bed with a deorease downwards to the barren base. In the Swaledale 

looality this trend was even more exaggerated. The sample from 6ft. 

below the top of the bed was barren, those from 4ft. and 2ft. below the 

top each contained 4 conodonts and that from the top bedding plane 

oontained 950 speoimens, the highest conoentration of the whole study. 

(i) Simons tone Limestone:-

The only other limestone whioh possibly showed this 

trend was the Simonstone Limestone. This limostone contains two thin 

shale bands but they oocur in its lower half where the oonoentration 

of oonodonts was low and their effeot was neglible. The upper part of 

the limestone contained moderately large faunas with a maximum concentration 

of 111 speoimens at 1ft. below the top bedding plane. In oontrast to 

the Four Fathom Limestone, however, the Simonstone Limostone exhibits no 

rapid decrease to the top of the bed, from Whioh 107 speoimens were obUdnad •. 

(j) Middle Limestone:-

The Middle Limestone oontained in its 37ft. the most 

complioated oonodont distribution of any limestone studied. The 

limestone itself is divided into 3 units by two thin calcareous shale 

bands eaoh 1 ft. thick and ocourrint; at 7 and 21 ft. belo" the top of the 

limestone. Praotioa.lly the whole of the limestone has been sampled at 

1ft. intervals so the pattern of distribution described is the aotual 

distribution and has not been deduced from wider intel~al sampling. 

The basal 10ft. of limestone exhibited a strong increase in 

numbers from 6 at the base to 212 in the sample 27ft. below the top 

or 5ft. below the lower shale band. Above this horizon there was a 

very abrupt reduction in numbers, the sample 4ft. below the shale 

conta:ining,Only 2 specimens and the remaining samples up to a.nd including 

the shale were barren. The middle unit of limestone has a less regular 

distribution of conodonts but the maximum concentration of 91 specimens 
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occurred at the top of the unit, immediately below the upper shale band. 

The upper unit of limestone was barren at its base and strongly increased 

to a maximu:n concentration of 196 specimens at the top bedding plane. 

The distribution of the conodonts through this limestone was 

therefore strong~ influenced by the division into 3 limestone units, 

each of which had its own separate conodont distribution pattern. 

The remaining limestones are not important in the present 

discussion and include the Underset Limestone of Swaledale, in which 5 
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samples fran its upper part oould not be digested, the Main Limestone or _I 

Swaledale, in which the same problem was encountered in 3 samples and 

the digestion of a number of others was only partly Duccessful, the Ircn 

Post Limestone, which was highly siliceous and yielded a total of onlY 

10 spec~ns, the Little Limestone, fran which only one sample was talcen 

and the Crow LirMstone, which was again too siliceous to be digeoted. 

The sampled horizons fran the :Mirk 'Fell Beds are included in text fig. 

( 9) but these samples, of shales and ironstones were not of standard 

size since a comparison of conodont ooncentrations oould hardly be made 

between different lithologies. 

(k) Conclusions:-

A numbar of interesting facts have thus emerged from 

the foregoing discussion. 

(i) All the limestones from which samples have been digested 

contained conodonts. 

(ii) These conoo.onts are not randanly distributed through 

each limestone but occur in a distribution pattern which is repeated, 

with certain modifications, in all the limestones deocribed above. 

(iii) With the exception of the Ulddle Limestone, the lower 

~ of each limestone contains the lowest concentration of conodonts, the 

upper! the greatest concentration and the concentration in the middle! 

is governed by the detailed distribution, the actual abundance of conodonts 

and the thickness of the limestone. 

(iv) The thin limestones tend to have greater concentrations 
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of conodonts than the thick limestones. Not only does the Three Yard 

Limestone (9ft. thick) contain the largest faunas of the whole study but 

also the Great Limestone contains very large faunas in Borrowdale Beck, 

where at 23ft. thick this limestone is at about its minimum known thickness. 

Unfortunately a direct comparison cannot be made with the Main Limestone 

of Swaledale (68ft. thick) but there are indications that the faunas from 

the latter locality are at least smaller than those of Borrowdale Beck. 

(v) The increase in numbers of conodonts through a limestone 

is an actual increase and is not due to the incoming of new forms absent 

below. Large faunas are almost bound to contain a larger number of 

species than small faunas but any species present at the horizon of 

maximum abundance is liable to be present at any other hCldzon in that 

limestone. 

(Vi) A comparison of the distribution patterns exhibited 

by these limestones may give some indications of the palaeogeography of 

the Yoredale Limestones. This is especially the case when comparing 

the Gayle and Middle Limestones. The f~er is divided into 2 units by 

a calcareous shale band and the latter into 3 units by 2 shale bands. 

The cmtrast is in the conodont distribution. In the Gayle Limestone 

the shale band interrupts the pattern of conodont distribution but does 

not greatly affect its form. In the ltlddle Limestone, however, the 

threefold division of the lithology is reflected in the distribution of 

the conodonts, since each limestone unit possesses its own distribution 

pattern with its own horizon of ma.:dmum abundance and in effect behaves as 

a single separate limestone. This contrast is important when it is 

remembered that the Gayle (=Smiddy) Limestone remains as a single limestone 

over the whole of its outcrop area but the lUddle Limestone splits 

northward into the Single Post, Cockle Shell and Scar L:ilIlestones, in 

ascending order, each of which has its associated cyclothem of clastic 

sediments. It is therefore suggested that the barren limestone below 

the lower shale of the Middle Limestone, plus the shale, must represent 

the whole of the cyclothem on the Alston Block which occurs between the 

Single Post and Cockle Shell Limestones. Similarly, the Upper Shale 

Band of the Middle Limestone, plus possibly the lower 2ft. of the upper 
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limestone unit, must represent the sequence which occurs between the 

Cockle Shell and Scar Limestones on the Alston Block. The horizon of 

maximum concentration in this way acts as a "time-plane" thus making a 

direct correlation possible between complete and split limestones mere~ 

by recording the abundance of conodonts. This is substantiated by the 

lack of a double peak in the Gayle Limestone, which closely resembles 

the Middle Limestone in Wensleydale, but does not split northwards. 

(1) Possible Causes of the Distribution Pattern:-

It was probab~ the interaction or several different 

factors which produced the distribution patterns of conodonts described 

above. One important factor was probab~ the rate of deposition and 

this could possibly have been the only cause in simple cases such as 

the Hawes or Hardraw Scar Limestones. Small faunas would therefore 

represent periods of relatively rap,id deposition and large faunas periods 

of slow deposition. The difference between large faunas of soma 

limestones and the small faunas of others, h~vever, must reflect fluctua­

tions in absolute conodont abundance from one time to another. There 

must also have been other influences. For instance, the barren limestone 

beneath the lower shale band of tho Middle Limestone must represent a 

much thicker sequence of beds on the Alston Block and was therefore 

probably deposited slowly. This limestone contrasts with the more 

characteristic lithology of the remainder of the taddle Limestone in 

being very fine grained, dark coloured, compact and lacks even the abund~t 

crinoid remains which characterise most of the Yoredale Limestones. 

This lithology must therefore represent a change in conditions of deposi­

tion and this change probably resultedin the lack of conodonts as well as 

the macrofossils. The presence of terrigenous material in the limestones 

is often associated with small faunas in the Yoredale Series but this is 

not invariably the case. The thin calcareous shales in the various 

limestones have in all cases been barren, in spite of the fact that the 

limestone above and below may contain conodonts. This appears to be a 

peculiarity of the Yoredale Series, however, since calcareous shales have 

often produced rich faunas in other regions and shales were for many years 

considered to produce more prolific faunas than the limestones. One 
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possiblecsuse is that the barren limestone within the :Middle Limestone 

plus the shale bands, were perhaps deposited under a non-marine environ-

ment, since a large proportion of the strata to which they are considered 

to be equivalent is known to be o"f non-marine origin. 

3. THE ASSCCIATED MICR(l!lIAUNAS AND Car,1POOITION' Oti' RESIDUES QIi1 TIlE 

YOREDALE Ln~ST (lms 

The follOWing discussion refers to that microfauna which has 

been recorded fran the conodont fraction of the sMlples of Yoredale 

Limestone and as such probably only represents a small part of the complete 

microfauna. The reasons "for this are that the techniques emplo,yed for 

extracting conodonts destroy the calcareous organisms and part of the 

microfauna is bound to be lost on the 20 mash sieve or by passing through 

the 100 mesh sieve. The only "fossils to be unaffected by the action of 

the acid were fish remains, acolecodonta, sponge spicules, oonodonta and 

any others which had been replaced by iron pyrites. Fortunately however, 

the calcareous fossils were often the last of the calcareous part of the 

sample to be destroyed and their partly digested remains arc cormnon in 

the conodont residue. 

The microfauna ,found in association with the conodonts in 

the Yoredale Series was very varied, both in the variety of forma present 

and also in actual abundance. A record of the whole microfauna was 

not made for every sample studied but a sufficient number of samples were 

recorded to enable a brood outline of the variety and distribution to be 

ma.de. This study also includes a fairly detailed record from the 1ft. 

interval samples of the Gayle Limestone. No attempt has been made to 

make generic or specific identi"fications of the various fossils concerned. 

A brief sumnary of the various elements of the microfauna is as follows. 

(a) Fish Remains 

Fish remains were very abundant at certain horizons 

and were sometimes the dominant element of the associated microfauna. The 

most distinctive fOssils under this he-~' a 
ClMlllg an usually also the most 
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common were fish teeth of the "Icthyodus-type". These simple, cOnical, 

. sharply-pointed teeth, with a curved axis, circular section and a 

translucent tip, were present in all except 5 of the Gayle Limestone 

samples with numbers ranging up to 146 per sample. They were also 

present at many other horizons, particularly in the Middle and Five 

Yard Limestones and showed extremely little variation except for the 

ratio of length to basal diameter. There seemed to be little association 

between these fossils and the conodonts for although they were both found 

in many samples, .each could be abundant without the presenoe of the 

other. The distribution of the fish teeth also tended to be more 

erratic than that of the conodonts and they could suddenly appear in 

abundance at a partioular horizon. Referenoe to text-fig. (18) 

indicates that in the Gayle Limestone, the fish-teeth were, liko the 

conodonts, most common in the upper part of the limestone but rathor 

than indicating an association between the two it probably indicates 

the influence of the same conditions on two different organisms. 

Other fish remains consisted of Bcales or plates, suoh as 

the thick, rhombic-shaped "Holmesella-type" or the thin, diamond shaped 

scales, single vertebrae or various irregular plates, often with a 

"honey-comb" structure, which were identified as fish remains beoause 

of their association and appearance. These remains wore naturally 

found in association with the fish-teeth but the absolute abundance of 

the various elements concerned varied 6reat~. The greatest v~ty of 

fish remains was found in the middle unit of the Middle Limestone, where 

at least four kinds of scales were present along with numorous other 

unidentified remains assumed to be those of fish. Finally thore were 

at several hOrizons, extremely erratically distributed, small, blaok, 

smooth, ovoid coprolites of unknown origin but included with the fish 

remains as being their most likely souroe. 

(b) Scoleoodonts 

Worm jaws, or soolecodonts, are known from most 

geological systems and show a relatively small amount of variation from 

Cambrian to Recent Times. The speoimens found in the Yoredale Series 

were mainly oonfined to the G~le Limestone, from whioh 135 speoimens 
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were recorded and were closely similar to the forms illustrated by 

Moore, Lalicker and Fischer as Devonian forms. Other specimens were 

found in the Five Yard (21 specimens), Great (6 specimens) and Middle 

(one specimen) Limestones. All were black, shiny and horny and showed 

variations in denticulation. In view of the fragile nature of these 

fossils, it is probable that a large proportion of them were lost 

through breakage in the sieving and washing of the residue. 

(c) Foraminifera 

Foraminifera were present at numerous horizons in 

the Yoredale Limestones and their distribution was interesting for two 

reasons. Firstly they were occasionally present in an otherwise barren 

sample (e.g. S.W.8S from the base of the Three Yard Limestono) and 

secondly they were occasionally present in ereat abundanoe. Four main 

forms were recognised and these did not appear to beresularly distributed 

since oertain horizons seemed to he characterised by oertain forms. 

The Gayle Shale (6ft of calcareous shale between the Gayle and Hawes 

Limestones) for instance, contained numerous coiled foraminifera of 

the "Endothyra-type" and this same form was also found at oertain 

horizons in the Five Yard Limestone. The most abundant form however, 

which was found throuehout the sucoession of limestones up to and 

including the Great Limestone, was an irregular, tubular form, of the 

"Tol;y-pammina-type". This form was very abundant at certain horizons 

in the Gayle and Middle Limestones. The third form, which was often 

found in association with the second, although usually in smaller numbers, 

was a spherical form, with a var,ying number of tubular spines, ot the 

"Astrorhiza-type". This latter form was found throughout most of the 

succession but appeared to be most abundant in the Gayle T,imestone. 

Finally, a less-common form, Which appeared sporadically in small 

numbers, was a uniserial form with a curved axis and almost spherical 

chambers increasing regularly in size, of the "Nodosinella-type". 

(d) Bryozoa 

Bryozoa were found throughout the succession studied, 

not only in the limestone residues but also in hand specimen from many 
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of the calcareous shales overlying the limestones and also from the Mirk 

Fell Shales. Those specimens found in the limestone residues were 

invariably replaced by iron pyrites and often exhibited what must have 

been almost complete detail of structure. The distribution of these 

fossils tended to be extremely erratic, samples in which they were 

abundant often being preceded and followed by samples in vmich they 

were absent. Tho most abundant specimens obtained were calcareous and 

were extracted without the use of acid from the top of the Gayle Shale. 

All were cylindrical of varying diameter and boaring closely or widely 

spaoed autopores of various shapes and sizes, arranged in diagonal rows. 

(c) Sponge Spioules 

Sponge spicules were among the less-common micro­

fossils of the Yoredale Series but in view of their small size it is 

probable that many specimens were lost through the 100 mesh sieve. 

Spicules were only found in the Gayle Limestone (at two horizons) and 

Middle Limestone. In the latter several horizons contained largo 

numbers of spicules, primarily triaxons of various sorts but tetraxons 

were also present. Since these fossils have been found in two of the 

limestones whi~h were closely sampled, it appears that they are present 

at restricted horizons and may well be present in some of the othor 

limestones which were sampled at wider interv~ls. 

(f) Ostracods 

Of the remaining miorofossils enoountered in this 

study the most important were the Ostraoods. These fOSSils, although 

often present, were usually represented by small numbers of speoimens 

and it is probabl~ that most of their remains were lost in the digestion 

of the sample. In general their preservation was poor and the only 

well-preserved specimens were iron pyrites replacements. The highest 

oonoentration of Ostraoods was 50 specimens from Sample S.W.73 of the 

Five Yard Limestone of Weardale. 

The only other miorofossils present in the oonodont re3idues 

were the spat of Gastropods and Lamellibranchs. 

Replaoement by iron pyrites has been an important prooess 

in the preservation of the calcareous microfauna of the Yoredale Series 
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and the foregoing paragraphs are evidence that a large amount of this 

replacement has taken place. Pyritised fossils are common in many 

systems and the pyrite is thought to have been produced by the inter­

action of iron present in the sediment and sulphur formed from deoaying 

organio matter and from sea-water. In the Yoredale Series the replaoe­

ment has, in the majority of oases, preserved the detailed struoture of 

the unit, but ocoasionally, fossils may be replaoed by olusters of pyrite 

spheres or oubes. Sometimes tho spheres themselves are made up of 

clusters of even smaller spheres. 

In view of the different teohniques employed for the 

extraction of the various microfossils in a sample, it is not surprising 

that the conodont distribution shows much more resularity than any of 

the other forms desoribed. The extent to which this oontrast is merely 

apparent or aotual is not known. Text-fig. (18) is a group of htstograms, 

all of the Gayle Limestone, illllstra.tin~ the distribution of the oonodonts 

oompar.ed wi th that of the "Iothyodus" fish teeth, Soolecodonts and tho 

peroentage soluble and insoluble in Hel, in each limestone sample. 

other groups of microfossils have not been included sinoe thoir distri­

bution would be greatly affeoted by the digestion prooess of the aoetio 

acid. TEx1t-fig. (1 ~ indicates that the Gayle Limestone is very pure 

and contains up to 99% of soluble in HCl and that the 3 most impure 

horizons are the top and bottom bedding planes and the sample from 9ft 

below the top, which is the sample immediately below the shalo hand. 

The conodonts are therefore most common in the purest limestones but 

superimposed upon this there is some oeoond influenoe whioh oauses the 

conodonts to be much maro abundant in the pure limestone in the upper part 

of the bed than in the pure limestone in the lower part of the bed. 

"Iothyodus" does not appear to helove been subjeot to this 

second influenoe to the same extent, since although it is most abundant 

near the top of the Gayle Limestone, it is an important fossil in the 

lower 6ft of the bed, where conodonts are unoomtllon. Also the distribu­

tion of this fossil is not as regular as that of the conodonts, since it 

is absent from 5 samples and varies oonsiderably in numbers in the 

remaining samples. 
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Sooleoodonts were found only in 10 of the 26 samples and were 

concentrated in the middle part of the bed. They were nevertheless 

also absent from the sample 9ft. below the top of the limestone and were 

therefore fairly restrioted to the horizons whioh oontained very little 

terrigenous material. Sample GB15, beneath the shale band, w~s the 

most barren sample of the Gayle Limestone and contained only 3 Ostraoods 

and 15 Bryozoa. 

The iron pyrites was separated from the oonodont fraotion 

from a number of Gayle Limestone samples, by m~ans of Bromoform. 

This mineral was present, when not ~'eplaoing oaloareous fossils, mainly 

as masses of' minute oubes but pyrite spheres were also fairly oommon. 

The amount of iron pyrites in the oonodont fraction, varied between 

0·5 and 3·0 gms. and seemed to bear little or no relation to the 

distribution of the miorofossils, in partioular the oonodonts. This 

would not however be a true representation of the amount of pyrite in 

eaoh sample since the bulk of this mineral, in the f'orm of single oubes, 

would be lost through the 100 mesh sieve. 

The aotual residues oonsisted primarily of olay minerals, 

oocasional quartz grains, undigested oaloite, and iron pyrites, plus 

oooasional uncommon minerals such as GJauoonite. The quartz grains 

were usually fairly well rounded, but the residue from one sample in 

the Hardraw Scar Limestone (MG3S) was composed ohiefly of masses of 

radiating euhedral quartz orystals. 

4. MAJOR FACTORS INHLUENCING THE DISTR1BT.frION OF CONODONTS IN TH'£I1 

YOREDALE SERIES 

The following seotion of this thesis oonsists of a discussion 

of some of the general char~oteristios of oonodont atstribution plus 

a disoussion of the oharaoteristios displayed in particulnr by the 

oonodonts of the Yoredale Series. A comparison of these ohar~oteristios 

indicate that the Yoredale conodonts are somewhat unique and a disous­

sion of the faotors whioh are considered to have· affeoted their distribu-
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tion is given. Several of these faotors are outlined in various other 

seotions of this report. 

(a) Some Charaoteristios of Conodont Distribution 

As yet there has been no direct evidenoe disoovered 

indicating the form or habit of the oonodont animal (conodontifer). 

Natural conodont assemblages have, however, indicated that this animal 

was well organised and bilaterally symmetric. Conodonts are also 

known to range from Upper Cambrian to Triassic or possibly Cretaoeous 

strata. The very wide distribution of these fossils, plus the simul­

taneous appearanoe of new forms in various parts of the world indioate 

that the conodontifer was certainly not benthonic but it is not known 

to which of the nektonic or planktonic habitats it belonged. No 

matter which was the case the animal was capable of living in a wide 

range of environments. It seems extremely unlikely that the oonodontifer 

could exist under fresh-water conditions but there is a growing opinion 

that it could exist in brackish water. The vast majority of conodontifers, 

however, were undoubtedly n~rine and as suoh conodonts are found in a 

wide range of lithologies. Rexroad (1958) has shown that limestone 

faunas show very little variation from shale faunas. He reported that 

out of 27 species in the Glen Dean Formation (1958, p.13), 21 wero 

common to both shale and limestone. The 2 species found only in the 

shale were each represented by less than 4 speoimens and he oonsidered 

the 4 speoies found only in the limestone to reflect the method of 

sampling rather than environmental factors. For many years shales and 

oaloareous sandstones were oonsidered capable of producing the most 

prolifio faunas but nowadays limestones, partioularly thin impure bands 

in shales, are considered very important. Rexroad (1958) for instance, 

found larger, better preserved faunas in the limestones than in the 

shales, even though their oontent was praotically identioal. 

In view of the lack of direot evidenoe about the oonodont 

animal, a oonsideration of the assooiated fauna has been an important 

aspect in the stu~ of conodonts, as an indioation of the environments 

which they preferred. Conodonts are commonly found in assooiation with 

Cephalopods, Ostracods and Fish remains and are rarely found associated 
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with Corals, Brachiopods and Crinoids. It must be remembered, however, 

that the distribution of conodonts is ve~ wide and the above statement 

is a broad generalisation. 
• 

Conodonts have also been found, sometimes 

abundantly, in black fissile shales, which lack any assooiated fauna and 

which, according to Rhodes (1954) may represent lagoonal oonditions. 

(b) Some Characteristios of Yoredale Conodont Distribution. 

The distribution of conodonts in the Yoredale Series 

is of even greater interest after a consideration of the foregoing 

section. The majority of Yoredale conodonts originated from an unknown 

natural assemblage with the result that there is no direot evidenoe 

available as to the ~;elative proportions and abundanoes of the various 

form genera and speoies involved. The assooiated fauna is also somewhat 

unorthodox, since the conodonts are not assooiated with Cephalopods, 

exoept in the Mirk Fell Beds but are associated, in add! tion to the 

microfauna described earlier, with Corals, Bra.ohiopods and Crinoidll. 

As has already been seen, conodonts are most abundant in the purer 

hori%ons of the limestones, horizons which are typioally crinoidal and 

contain a Coral/Brachiopod fauna. Certain horizons in tho Gayle and 

Middle Limestones, contain a.bundant Corals and Brachiopods. 

The lithology is also an important oonsideration in the 

Yore dale Series. The only shales which reoeived a detailed examination 

were the Mirk ./!'ell shales but other shale samples have been broken 

down from many horizons and all have been barren. In addition all the 

thin shale bands within productive limestones have also been barren. 

It is thus considered that in the Yoredale Series, oonodont distribution 

is strongly influenced by lithology and is therefore oontrary to the 

results given by Rexroad (1~58) and the opinions of several authors. 

On a smaller soale, Yoredale conodonts appear to have been influenoed 

to aome extent by ohanges in lithology within a limostone. ~'or instanoe, 

Bof't impure limestones are usually only poorly productive, pure orystalline, 

crinoidal limestones are strongly productive and dark compaot limestones 

are in general barren. These differences in litholo6}' must reflect 

differenoes in environment, however slight and it therefore appears 

that, contrary to popular opinion, the distribution of conodonts in 
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the Yoredale Series was influenced by changes in environment. '['he 

genus /\.patognathus?, in particular, appears to have been aotually 

restricted to the type of' environment represented by the Yoredale 

Limestones during the Carboniferous Period. 

(c) Factors affecting Conodont Distribution in the Yored.a.le 

Series. 

There are two main considerations involved in a 

study of this sort, i.e. the distribution of eenera, species and numbers 

of individuals through the ~mccession and also their distri-t'ution throU/:;h 

individual beds. -Both were probably influenced by the same factors, 

although the overall effect Inay have differed in each case. 

(i) Changes in Environment:-

Variations in the speed of aocumulation may have 

been important in producing the large faunas of a number of the thinner 

limestones compared with the relatively smaller faunas of a number of 

the thicker limestones. 'J.1hus on the assumption that the conodontifer 

was of fairly uniform abundance through time (which _Ls undoubtedly an 

erroneous assumption), a limestone which is t the thiokness of' its 

lateral equivalent should in theory contain threo times the ooncentration 

of conodonts. Unfortunately a direot comparison of this nature has 

not been possible in the present study, sinoe although there should ha.ve 

been opportunity to oompare the Grea. t Limestorq which is 23ft. thiok 

and contains large faunas, with the Main Limestone, whioh is 68ft. thiok, 

the figures for the number of conodonts in the latter limestone are not 

complete. If speed of aooUltulation was the only faotor involved in 

the varying size of conodont faunas, then it would be assumed that not 

only were there great fluctuation3 in the speed of acoumulation of the 

various limestones but also in the various horizons within a limestone. 

The latter fluctuations would consist of a relatively rapid accumulation 

of the base of the limestone, with the rate deoreasing upwa.rds, to be 

at its slowest at some point in the upper ~ of the bed, from where it 

would increase once more to the top of the bed. If' this WUB the only 

faotor involved, the whole fauna. might tend to ShOiV its et'feet and this 

is not the case. Therefore, although the speed of' a.coumulation 
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of the limestones undoubtedly f'luctuated and this is bound to be 

reflected in the conodont distribution, its overall ef'f'ect is considered 

to have been small. 

It is unlikely that speed of accumulation COUld explain the 

sudden disappearance of abundant conodonts below the lower shale band 

of the Middle Limestone but this could be explained by other changes 

in environment. 'fhere is a change in lithology at this horizon but 

possibly the most important control was sal.Lnity. As has a.lrea.dy 

been explained, about 5ft. of dark limestone plus the 1 ft. 01' shale at 

this horizon in the l!idd.le Limestone a.re considered to represent up to 

10ort. of beds on the Alston Block, consistine; ot' shales, siltstones, 

sandstones and possibly also seat-earth and. coal. 'l'he delta was there-

I'ore not far to the north of wensleydale after the deposition of the 

S~ngle Post Limestone t= lower unit of the Middle Limestone) and 

although very little terr~genous material reached this area, it is 

possible that the non-marine .l.nfluence ot' the delta did extend, to this 

region resulting in the extinction of the marine fauna. An over-

whelming of the delta and the beginning ot' limestone deposition in the 

north would result in the return of more "normal" limestone conditions 

in vlensleydale, accompanied by the return of the oonOdont animal. 

tii) 'rransgression and Regression:-

The question of transgression and regression in 

some respects overlaps the above discussion on changes in environment. 

The idea of' the horizon of maximum abunc:1anoe of conodonts representing 

a "time-plane" has already been outlined. In this discussion it is 

assumed that the Cockle Shell and Single Post Limestones, like the 

Scar Limestone, each have their own conodont distribution pattern with 

a horizon of maximum ooncentration of conodonts somewhere near the top. 

It would therefore be possible, by tracing the "time-planes" laterally, 

to determine graaual changes in environment and possibly also the amount 

of erOSion, it' any, which had taken place. 

~iii) Original Abundance of Conodonts (Conodontifers):-

This has undoubtedly been an important factor in 

the distribution of conodonts. Ignoring their distribution throu~h 
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individual beds, this oould have been a major faotor in the Hardraw 

Scar Limestone, for instanoe, whioh is oharaoterised by small faunas, 

whereas the Underset Limestone, which is only 2ft. thinner, has obviouslY 

larger faunas even though their full extent is not known. Variations 

in original abundanoe oould also have been an important faotor in 

produoing the distribution pattern seen in individual beds. Conodonts 

would come into the area with the marine oonditions at the base of the 

limestone but at first would not be abundant in view of the adverse, 

although tolerable conditions. Sometimes these conditions were intol-

erable, in which case the base of the limestone would be barren. As 

limestone conditions became well-established and oonditions beoame more 

favourable for oonodonts, their numbers would inorease. At the same 

time, the rate of deposition of the limestone would deorease thus 

exaggerating the oonoentration of the oonodonts. Betore limestone 

deposition oeased, the etfeots of the onooming delta would be felt, the 

amount ot terrigenous material would inorease oausing an inorease in 

the rate of deposition and the oonodonts would decrease in numbers as 

they migrated southwards. The faotor whioh first oaused the deoline in 

numbers of the conodonts is unknown, sinoe this deoline often began 

before there was any real deterioration in the purity of the limestone. 

(iv) Evolution of Genera and Speoies:-

This is a faotor which must have been of prime 

importance in the distribution of conodonts through the Yored.a.la Sarios 

but it is considered in detail elsewhere in this report and need be 

considered no further at this stage. 

(v) Post-Depositional Effects:-

There are a number of other effeots, of onlY minor 

importanoe in the present discussion, whioh could have affeoted the 

present distribution of conodonts. 

Differential Co~paotion is usually an important oonsideration 

but in this stu~ the majority of samples have been of limestone and 

there has been no direot oomparison between limestone and shale except 

to point out that the shale bands in the limestones were barren. This 

is all the more surprising since the shale has undoubtedly been compacted 
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to a much greater extent than the limestone and would therefore contain 

an increased concentration of conodonts, were they present, due to this 

fact. 

Another factor which has probably caused a certain amount 

of error is that the beds were not randomly sampled. 

Finally, although all the samples were of atandard weight, 

the volume of liIrestone involved would vary slightly since specific 

gravity was not taken into consideration. Once again however, the 

only lithology to be directly involved was 11meatone so the error would 

not be great. 

The major influence in controlling the distribution of 

conodonts in the Yoredale Series is therefore considered to have been 

changes in environment, although this has been combined with a number of 

other influences of variable effect. The main reason for such a 

cooplicated set of influences is probably the very wide range of envir­

onments represented in the Yoredale Series, fran marine to terrestrial, 

all of which, except the terrestrial environment, represent ahallow 

water, where changes in conditions are swift and the influences of laree 

rivers and deltas strong. 

5. THE DISTRmUTION QD1 CONroOn:'S THROOCH THE YClUIDAI.E SERIES 

Reference to Chapter Three indicates that there are a 

large number of genera, species and varieties of conodonts in the Yoredale 

Series. Unlike a fully marine succession where faunal zones are deduced 

from evidence of the varied and overlapping ranges of' individual species 

t'rom the whole succession, conodonta were obtained on~ from the 

limestones and the Mirk Fell Beds of the Yoredale Series. These horizons 

are each separated by a varied series of rocks whoso total thickness 

exceeds that of each productive horizon and which were deposited under 

very different envirorurents. The conodont distribution to be described 

is therefore the distribution of species through the succession of 
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l~stones and the lUrk Fell Beds rather than through the canplete 

succession. These prcx1uctive horizons are therefore described indivi-

dually and complete faunal lists are given in the appendix. 

(a) The Conodont Fauna of the lIawes Limestone 

This limestone was characterised by small faunas, 

representing 13 species and 2 varieties from 7 genera. The dominant 

genus was Gnathodus, which represented ~ of the total number of speci-

mens from the limestone. The most common species of this genus was 

G. cammutatus, follovred by G. girtyi girtyi and G. homopunctatus which 

were of equal importance, whilst G. bilineatus and G. girtyi sulcatus 

were uncommon. 

The genus Apatognathus? was also an important constituent and 

comprised the two species A? chaulioda and A? gemina of whioh the latter 

was twice as common as the former. 

The remaining forms were present in smaller numbers. 

I,onchodina sp.D, Hindeooella brevis and H. ibereensis were each in faot 

represented by only 11 single specimen. Only 7 sp'cimlrw or IUnnecaella 

were specifically identified but the eenus was probably much more abundant 

than this number suggests since 27 of the unidentified speoimons fran 

this limestone belonged to e ithar Rindeodella or Aneuloous. It is 

therefore possible that Hindeodella might have been the most commcn genus 

in the Hawes Limestone faunas. If this were so H. undata would have 

been relatively less important than tho identified spoohnens suggest 

since its distinctive morphology has enabled it to be identified even 

in a fragmentary state. 

The more important aspects of the Hawes LiIooatono oonodont 

faunas are shown on page (219). 

(b) The Conodont Fauna of the Gayle Limestone 

Five of the concx1ont faunas obtained from thia 

limestone e:ceeded the largest Hawes Limestone fauna and ranged up to 

182 specimens per sample. The range in forms was also very much wider 

since no speoies had disappeared (although Lonchodina sp.D and Gnathodus 

girtyi sulcatus have only a conjectured range through this limestone) 
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between the Hawes and Gayle Limestones and the fauna of the formor was 

joined by 31 species which appear in the Gayle Limestone for the first 

time. The complete conodont fauna of the Gayle Litrestone was therefore 

very varied and consisted of 4.3 species from 17 genera. The fauna was 

not however so greatly different fran that of the Hawes Limastone since 

13 species were each represented by only a single speoimen fram the whole 

of the limestone. In addition, the single specimen of Lonchodina sp.A 

was the onlY record of this species in the whole of the study. 

As in the Hawes Limestone, the dominant genus was pnathoduB, 

which comprised 26% of the total number of speo~ens and 41% of the 

identified specimens. The most important speoies, however, was G. ,t;irtx1 

(var girtyi) which made up i of the total number of specimens for this 

genus. Most of the remaining specimens were divided roughlY equally 

between G. commUtBtus and G. homopunotatus since G. bilineatus and 

G. nodosus nodosus were present in only very small numbors. 

Also as in the Hawes Limestone, the second most abundant genus 

in the Gayle Limestone was Apato~ath\ls?, representing 12.0'& of the total 

number of specimms. A? gemine. and A? chauliooa were still the dominant 

species, the former twice as common as the latter, but were joined by 

A? petila and A? librata in small numbers. 

Although 4 species of Neoprioniodus appeared in the Gayle 

Limestone for the first time, N. singulnris was still the most important 

species end oomprised more than half the total speciroons for the genus. 

Spathognathodus soitulus had also become an important accosoor,y fonn and 

was found in 10 samples at a maximum of 5 spec~ns par sample. 

Hindeodella was once again an important genus in spite of the small number 

of identifiable specimens which consisted mainlY of H. ibergensis. 

The dominant eleroonts of the Gayle Limestone fauna were therefore 

forms which had already appeared in the Hawes Limestone. It is thuB 

possible in view of the small number of faunas studied fran the latter 

limestone, plus their small size, that many of the species whioh first 

appeared in the Gayle L~stone may have been present 1n the Hawes 
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Limestone, particularly the uncommon species. 

(c) The Conodont Fauna of the Hardraw&lar Limestone 

The Hardraw Scar Limestone was charaoterised by very 

small conodont faunas which yielded only 9 species from 6 genera. This 

was in spite of the fact that the only species present in the Gayle 

L~estone which was not found higher in the succession was Lonchodina up.A • 

37 of the Gayle Limestone species were thus given conjectured ranges 

passing through the Hardraw Scar LiIW st one. The 9 species obtained fran 

the latter included Spathognathodus cr1Sula, which first appeared at 

this horizon and was definitelY not present in the much larger faunas of 

the Chyle Limestone beloN. 

The Hardraw Scar Limestone faunas thus d1t"fered in many 

respects from those of' the Gayle and Hawes Limestones. Apart 

from the drastic reduction in numbers and the appearance of' Spatho,"J1athodu8 

cristula the dominant genus was Apatognathus? and not Gnathodus. 

A? chaulicda was absent but A?, gemins was still the moot ~portant speoies, 

representing more than 50% of the genus. OnlY two species of Gnathodu:J 

were present, of' which the most ccmnon waa G. oornmutatu8 end only 2 

speciroons of G. girtyi girtyi were obtained from the 11 samples sprend 

over 50ft. of' limestone. Neoprioniodus singularis and Hindeodel1a undata 

were the onlY representatives of their respeotive genera. 

(d) The Conodont Faunas of' the Sirnonstane Limestone. 

The Simonstone L1mestcne oontained mcx1erately large 

oonodont faunas consisting of 35 species from 17 genera. Six of these 

species first appeared. in this limestone whilst Mestoenathus bipluti and 

Ozarkodina cf' ,hindei were restricted to this horizon. The t'ortmr is a 

very large, highly distinctive species which is raro in its occurrence 

generally but was found. in three samples in this limestcne and was not 

recorded elsewhere in the succession. This species is therefore regarded 

as an excellent indicator of' the horizon in the Yoredale Series. 

Ozarkodina, cf .hindei was represented by only 8 single speoimen. 

A single specimen of' Lonchoc11na sp. B, only the second for 
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the species, represented its highest occurrence but a more important 

highest occurrence was that of Neoprioniodus spathatus, which was fairly 

common in the upper part of this bed but of which only one other speoirMn 

was recorded in the present study, from the Gayle Limestone. 

The faunas were once mare dominated by the genus Gnathodus. 

the most camnon form being G. girtyi girtyi, which was twioe as oanmon as 

G. commutatus. Only 3 specimens of G. nodosus nodosus were obtained. 

The second most common genus was in this case NeQprionioduB, 

which comprised 5 speCies, thus equalling Apatoenathus? in variation of 

form. N. sineularis was still the most oonmon species and represented 

! the total number of specimens for the genus, whilst N. conjunctua was 

the least cammon species and was represented by only 2 specimens fran 

the whole of the Simonstone Limestone. 

Apatognathus? was still an important genus even though 

superceded by Neoprioniodus in this limestone and its most common species 

A? librata was twice as abundant as its nearest rival A? petile. 

A'l scalene and A? cuspidata, which first appeared in this liJOOstone, were 

relatively uncommon. 

Apart from Hindeodella, which was once more a fairly oommon 

elelOOnt of the faunas, the remaining forms were present in small numbors. , 

(e) The Conodont Faunas of tho Middle LitMstone 

The Middle Limestone contained SotOO large conodcnt 

faunas and these had the widest variation of forma soen in any limestone 

of the study. Only 3 species of conodonts hed disappeared up to the 

Middle LiIOOstone, but 48 had appeared since the Hawes Limestone. A total 
• 

of 50 speoies from 18 genera was described from this limo atone , including 

8 species which appeared in this limestone for the first t~. Lambdag-

nathus sp.B, lJagnilaterella recurvata and Neoprioniodus eamurus, were 

each represented by a single specimen in the whole of the study and were 

therefore restricted to the Middle Limestone. Spathognathodus minutus 

first appeared in the middle unit of the Middle Limlstone and was absent 

from the much larger faunas of the lower unit of the saIOO l.in¥3stono. Its 

i :,t 
1;; 

'r 
I , 
I 

., 
, 



- 211 -

appearance is therefore considered to coincide with the horizon which is 

equivalent to the Cockle Shell Limestone of the Alston Block. 

The Middle Limestone also represented the highest occurrence 

of 6 species (see tab.220), the most Significant of which wore Apatognathus? 

gemins, Gnathodus homopunotatus and Hindeodella undata each of which were 

major oonstituents of the faunas in the lONer part of the succession up 

to and including the present ltmsstone. 

The faunas of the Middle Limestone were onoe again dominated 

by the genus Gnathodus, with G. girtyi girtyi the most cammon form. The 

ratio of abundance of the 4 species of Gnathodus were as follows:-

, 
G.girtyi girt!i G.nodosus noooaus G.homopunotatus G.bilineatus 

7 1 

G. nodosus nodosus had thus increased cons1derab~ in importance frao lover 

in the suooession. 

The Middle Limestone was the only horizon in whioh Apatognathus?, 

second in abundance after Gnathodus, contained all 6 speoies.. A? petila 

and A? librata were the dominant species, each being twice as abundant 

as their nearest rivals A? cuspidata and A? gemina, whilst almost 4 times 

as abundant as the 2 remaining species. 

After Apatoenathus? in order of abundance were Neoprionioous, 

consisting of 5 speoies but with over 80,% of' the specimens represented 

by rI. singularis and N. peracutus and Spathognathodus, of which S. soitulus 

was still the dominant sp3cies although S. minutus and S. cristula were 

relatively more important than in lower horizons. 

These genera were follcwred by several of about equal abundanco, 

including Lip;onodina, Maenilaterella and Hindeodella, the remaining genera 

and species being relatively uncommon. 

Therefore, in spite of the wide variety of forms present, the 

order of priority of genera was still Gnathoou9, Apatognathus? and 

Neoprioniodus but with Spatho.~athodus fourth for tho first time. 

The conooont faunas of the Scar Limestone were smaller and 
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contained no :r.orms which were not found in the :Middle Lilmstone. 

(f) The Con 00 ant Fauna of the Five Yard Litrestone 

The Five Yard Limestone oontained small conodcnt 

faunas, which were more than usually fragxoontary, Ca1~ting of cnly 18 

species from 8 genera and therefore showed a drastic reduction from the 

large faunas of the Middle Limestone. 30 species found at lower horizcns 

have however a conjectured range through this limestone in view of further 

occurrences higher in the succession. 

Only one species, Ligonodina sp •• of which only one apecimln 

was obtained, was restricted to the Five Yard LimestCl'le and no other 

species appeared at this horizon for the first time. The proportion of 
for 

unidentifiable specimens was ~, rather higher than/most of the limestanos. 

The most common genus was Apatognathus? of which 5 species 

were present, representing 3~ of the identified speoimens, with A? librate. 

as the most common species. 

As in the Hardraw Scar Limestone, Gnathodus had been pushed 

into second place but G. eirtyi ~irtIi was still the most common form 

present, being twice as common as G. bilineatus, whilst only a Single 

specirmn of G. nodosus nodosus was obtained fran the whole limestone. 

G. cammutatus was absent but was one of the numerous species with a 

conjectured range through the Five Yard Limestone. 

Lieonodina (3 species) and Neoprioniodus (2 species) were 

each about i as. common as Gnathodus, the dominant species being tJ, ultirM. 

and N. peracutus. Of' the remaining genera Spatho,o;nathodus was the most 

important but all were uncommon. 

(g) The Conodont Fauna of the Three Yard I,iIMotone 

The largest single conodont fauna of the whole of' 

the study was obtained fran the Three Yard Limestone in its Swaledale 

locality but the Weardale locality was also characterised by very lar~ 

faunas. The total number of species recognised fran 15 genera was 38, 

of which G. eirtyi consisted of 2 varieties. There were therefore 12 

species and 3 genera fewer in the very large faunas of the Three Yard 

.' 
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LiIoostone than there were in the lliddle L~stone, although the number of 

forms with conjectured ranges through the former was 11, as opposed to 7 

in the latter. 

Only Cavusepathus middlehopensis was restricted to the Three 

Yard LiIoostone and was in fact only found in one sample. The several 

specimens involved were however very distinctive and this species could 

represent a useful indicator of hori~on. 

I,onchodina ~f projecta, ranging up to the Main L1mostone and 

rJ. paraclarki, of which only 2 specimens were found in the whole of the 

study, both first appeared in this limestone. The Three Yard L1Ioostcne 

represented the highest occurrence of four species (see table pO.D3 219), 

the most sicnificant of which were Synpri011iodino f'orsentll, which was the 

only species recorded of a fairly distinctive genus, and Hindeodella breviS, 

which had probablY been more common in the lower part of the succession 

than the actual figures suggested. 

The faunas fram the Swaledale and Weardale localities of' this 

limestone were almost identical and are considered together in this 

sunmw.ry. 

In great contrast to the Five Yard Limestone below, the faunas 

of the Three Yard Limestone were strongly dominated by the genus Gnathodus 

which represented 55.% of the total number of specimens. Well over 1,000 

specimens of' G. eirtyi eirtyi alone were studied from this limestone but 

G. girtyi sulcatus was represented by onlY 23 specimens. The species 

as a whole was 4 times as abundant as its nearest rival, G. oommutatua. 

The latter in turn, was almost twice as common as G. nooosua nooosus 

and G. bilineatus, each of which were represented by about 120 specimens. 

Another contrast between this limestone and those belO\v was 

that the second most comnon genus was Neoprioniodu9, which canprised 1~ 

of the identified fauna and vias composed of' 3 species, of which N. sin[)ularis 

was much the most abundant and N. sci tulus 'was very uncommon. 

Neoprioniodus was in fact almost 3 times as oannon as 

Apatognathus? in spite of the fact that the latter was represented by 5 



- 214 -

species. Once agam A? librate was the most COlmlan speoies but for the 

first time A? cuspidate was the second most important speoies, olose~ 

followed by A? petila. 

The remaining genera were present in much smaller numbers. 

Spathognathodus, l'Jigonodina and Ozarkodina were the most important and 

were present in roughly equal numbers. 

One interesting feature of the Three Yard Limestone oonodont 

faunas was that the genus Hindeodella had suffered a great decline in 

abundance from the lower part of the Yoredale Succession where it was a 

major constituent of the faunas. On~ 8 specimms of this genus were 

identified out of nearly 2,000 and this was not because they were largely 

broken since the unidentified specimens consisted primarily of broken 

gnathodid blades. 

(h) The Conodont Fauna of the Underset Limestone. 

The Underset (= Four Fathom) Limestone contained a 

number of moderately large conodont faunas cOn3isting or 11 genera, 34 

species and 2 varieties. Four species first appeared-at this horizon 

and of these only JJigonodina. cf ultima was not restricted to this limestone. 

Probably the most important of the restricted species was SpathognathodUS 

cf minutu9, which although preaent in small numbers and clooely related 

to S. minutus, was a very distinctive form. 

The Underset Limestone (= Four Fathom) also represented the 

highest occurrence of five species (aee ta.ble page. 219) • 

The make up of the faunas of the Underset and Four Fathom 

Limestones was praoticallY identical and was interesting since it 

contrasted in a number of ways with those from lower in the succession. 

Firstly, although the most abundant genus was ence again 

Gnathodus, there was not the complete dominance of G. eirtyi girtyi, 

although it was the most ccmnon form, since it represented only ~ or 

the total number of specimens for the genus. There Was also an unexpected 

abundance of G.~atus, which shared second place with G. commutatus. 

This was the most prominent position reached by G.b~a.tus in the whole 
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of the succession. The only other forms of this genus present were 

G. nodosus nodosus and G. girtyi suloatus, of whioh the latter was the 

least oommon. 

The second most common genus was once asain Apatoenathus? 

but unlike its appearances in lower limestones, the 5 speoies were 

fairly uniformly distributed, althoush A? librata was still slightly 

the most oommon. 

Perhaps the most striking oontrast with the earlier faunas 

was that the third most oommon genus, representing over 10% of the 

identified fauna was S~athognathodus and that within this genus the most 

important species was not S. scitulus, whioh was found throughout tho 

suooession and was the most oommon speoies of this genus in the lower 

limestones but S. minutua. 

in only small numbers. 

s. cristula and S. of minutus were present 

Of the remaining genera the most important were Neoprioniolius 

in which Neoprioniodus peracutus had superceded N. singqlarie as the 

most common species, I,igonodina, in whioh r,. levis and L. tAnuia 

represented the majority of the specimens and Cavu8~athus, which was a 

major constituent of the faunas for the first time. 

The trend of the gradual disappearanoe of Hindeodella whioh 

was noticed in the Three Yard Limestone had been carried a stage further 

in this limestone and only 2 speoimens of H. ibergensis and 1 of 

H. hsmatilis were recognised. 

(i) The Conodont Fauna of the Iron Post J,imestone 

Un1'ortunately the Iron Post Limestone was extremely 

siliceous and of the 4 samples taken, only one, from the upper bedding 

plane, could be broken down sufficiently for any conodonts to be obtained. 

The preservation of the 9 conOdonts obtained was poor since the Aoetic 

Acid was of much stronger conoentration than that normally used hut 

they inoluded 4 identifiable speoimens, 3 of which were Spathognathodun 

scitulus and the :J:'ourth Neoprioniodus singularis. 

(j) The ConOdont Fauna of the Main Limestone 

The fairly small oonodont faunas from the Main 

Limestone of Swaledale olosely agreed with the muoh larger faunas from 
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the Great Limestone of Borrowc1ale Beok, and. the following remarks 

combine the two localities. 14 genera were recorded, comprising 39 

species, of which Gnathodus nodosus and Gnathodus ~irtyi eaoh consisted 

of' two varieties. 

Only 3 forms appeared at this horizon f'or the first time but 

these alone rendered the Main Limestone ]'aunas highly distinotive and 

were as follows:- Cavusgnathus navicula 

Gnathodus nodosus radiolus 

Hibbardella apsida. 

The f'irst was the most common species of' Cavusgnathus and ranged f'rom 

the Main Limestone to the top of' the sequence. '1'he remnining 2 forms 

were restricted to this limestone and. are thus excellont indicators of 

horizon. Gnathodus nodosus radiolus was found in assooiation with 

G.nodosus nodosus in a ratio of about 1:4 and the species as a whole 

narrowly exceeded. G. ~irtyi as the most common in the limostone. 

Hibbardella apsida was a distinotive form, although not abun~t. 

The Main Limestone represented the highest oocurrenoe in 

the suocession of' 23 i'orms. A drastio ohange in the conOdont t'auno.s 

therefore took plaoe between the Main Limestone and. the Mirk F'el1 Heds. 

Unfortunately the exaot horizon of this change, or its exaot nature are 

unknown since only a very small t'auna. has been obtained f'rom the Littlo 

Limestone and no conodonts have been obtained rrom the Crow Limestone. 

The genus Gnathodus strongly dominated the Main Limestone 

:t"aunas once again but unlike the other large faunas of the SUOC958ion, 

the most common species was G. nodOsus and. not G. f~rtyi. ~. Sirtl! 

girtyi was however slightly the most oommon sinBle form sinoe onlY a 

small number of specimens of i~ &irtyi suloatus ware obtained. ~ 

commutatus and G. bilineatus were each as oommon as G. nodosuS raniolus. 

The seoond most common genus was Apato5nathu8?, which 

with Gnathodus comprised oQ% of the identified speoimens. This genus 

had. been reduced. to 4 species by Main Limestone times and all were 

present, A? librata and. A? petila being the most common speoies and 

A? soalena the least common. 
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Neoprioniodus and Spathognathodus then followed, the former 

consisting of only two species, N. peracutu8 and N. singulAris in 

roughly equal proportions and the latter consisting of 4 speoies, of 

whioh S. scitulus comprised 9~ of the genus. 

Of the remaining genera several ooourred in about equal 

numbers and inoluded Ligonodina, Ozarkodina, Hindeodel1a, Cavusgnathus 

and Magnilaterella. 

(k) The Conodont Fauna of the Little Limestone. 

Only a single small fauna was obtained from the 

Little Limestone and it included single specimens ot CaTuagn~thua n~vicu1a, 

Apatognathus? 1ibrata and Ligonodina ct. ultima. 

(1) The Conodont Fauna ot the Mirk Fell Beds. 

The fauna of the Mirk Fell Beds was the most distino­

tive fauna of the study. As already outlined, a great ohange had 

taken place between the Main Limestone and the Nirk Fell Beda, during 

which numerous species had disappeared and their places taken by a few 

forms which were restricted to this horizon. Of the 44 forms seen in 

the Main Limestone or having a conjeotured range through it, only 15 

extended up into the »irk Fell Beds where they were joined by the following 

speoies: Genicu1atus c1aviger 

Gnathodu8 confixu8 

Hindeodus sp.B. 

Meta1onchodina bidentata 

Streptognathodu8 uniaornis 

It is remarkable that 3 of these forms represent genera 

which had not been reoorded in the whole of the suocession below the 

Mirk Fell Beds. The fauna of this horizon was therefore ver,y muoh 

different from any so far desoribed. 

The Mirk Fell Bed fauna was strongly dominated by the genus 

Gnathodu8, whioh comprised 7s.% of the identified speoimens. The most 

important eiement was the new species G. oonfixus, olosely related to 

G. girtyi and probably an intermediate stage between that and a new genus 

or genera higher in the Namurian. Only slightly less abundant was 
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G. girtyi girtyi itself and these 2 forms represented 9'.% of the genus, 

the remaining s.% being occupied by G. girtyi sulcatus. 

Gnathodus wa.s about 12 times more abundant than its nearest 

rival, Cavusgnathus, comprising 2 species, of whioh C. navioula was 

slightly the most oommon. The third most common genus was Genioulatus, 

a readily reoognisab1e form. 

This fauna was therefore very different from the more 

typical Yoreda1e faunas below and the ratios of the most important 

genera were rougbly as follows:-

Gnathoaus Cavussnathus: -Geniculatus Neoprionioau8 Ligonodina' 

21 • • 1 1 1 

The remaining genera were eaoh represented by small numbers 

of specimens. 

6. CONCLUSIONS TO THE STRATIGRAPHIC PALAEONTOLOGY 

Having established in earlier seotions of this thesis that 

oonodonts are not only present in the Yoredale limestonea but are abundant 

and ubiquitous in these horizons, whioh are the moat easily reoognised 

bands of oyclothems, easily extraoted and well preserved, it remains 

neoessary to oonsider their usefulness. The detailed study whioh these 

fossils have been given bas shown them to be usetul in at least two 

respeots. The first is that conodonts have added to the knowledge 

of both the Yoredale limestone palaeogeography and the pa1aeoeoology of 

the animal. The second respeot is that conodonts can be used as a 

tool in the recognition, dating and correlation of Yore dale horizons. 

la) Palaeogeograpgy and Pa1aeoeoology 

A record of the number of conodonts present in eaoh uniform 

sized sample has indicated a gradual inorease in the oonoentration of 

oonodonts from the base to a point in the upper ! of eaoh bed and trom 

there a decrease to the top bedding plane, exoept when the horizon of 

maximum abundance is in this position. Caution must be observed in 
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TABLE ILLUSTRATING THE MOST IMPORTANT FEATURES OF THE CONODONT FAUNAS FROM EACH HORIZON 

Dom:inant t5enus ~estrioted Genera Lowest Occurrence ot;- Highest Occurrenoe ot:-
Other Characteristio 

and sEecies or s:eeoies S~cies 

. 
Gnathodus Geniculatus Cavusgnathus navioula 
G. oontixus Hindeodus sp.B. C. unicornis 

Metalonohodina 
Streetognathodus 

Gnathodus Gnathodus nodosu8 radiolus Cavusgnathus navioula See Appendix S:eathognathodus oristula 
G. nodosus Hibbardella a:esida Roun~ subaooda 

Gnathodus Cavusgnathus oonvexa Ligonodina o~. ultima A:2!!to~athus? ohaulioda. S:eathognathodus minutus 
G. ~rt:l! ~r Lyi Ozarkodina or. ourvata Magnilaterella alternata 

S,Eathognathodus of. mnutus Ne0,Erioniodus soitulus 
N. varians 
Hibbardella abnormis 

Gnathodus Cavusgna.thus Lonohodina :2!!raolarki HiDdeodella brevis Neo:erioniodus singu!aris 
G. ~rtE: s!rt;E; middlehoEensis h of. Erojeota Lambdagnathus maorodentata 

Ozarkodina sp.B. 
S~:erioniodina torsenta 

A:eatognathus? Ligonodina sp. Gnathodus bilineatus 
A? l1brata Li~onodina ultima 

Neopri(mioC!~lLJ)er~cutus . 

'" ... 
\D 

• 
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Kidd1e Gnathodus Lamb dagna. thus 8E.B. 
Limestone G. eiirtyi tE:rtyi lIagnila tereUa recurva ta. 

NeoErioniodus oamurus 

Simons tone Gnathodus 1iestognathus biEluti 
Limestone G. sirtyi 5!rt~ Ozarkodina cf. hindei 

Hardraw AEatogna.thus? 
Scar A? ~emina. 
Limestone 

Gayle Gnathodus Lonchodina ~.sp~~. 
Limestone G. 5!rtyi 5!rtyi 

Hawes Gnathodus 
Lim.estone G. COJlIaUtatus 

Hindeodus sp.A. 
Magnilaterella robusta. 
!h sp.A. 
Ozarkodina sp.B. 
Spathognathodus minutus 

Apatognathus? cus:.eidata 
A? scalena 
Lambdagna. thus macrodenta ta 
NeoErioniodus co~unctus 
Roundya. subacoda 
SEathognathodus sp.A. 

SEathogna.thodus cristula 

See Appendix 

See Appendix tor 
taunal. liat. 

Angu10dus wa.1ra thi 
AEato~athus? semina 
Gnathodus homoEunctatus 
Hindeodel1a undata 
Lambdagnathus n.sp.A. 
Ozarkodina laeviEostica 

Lonchodina sp.B. 
Neo:.erioniodus sEathatus 

AE!tognathus?-sixspecies 
NeoErioniodus singu1aris 
N. Eeraoutus 
SEathognathodus scitulus 

Ne0:.erioniodus singularis 

Gnathodu8 commuta.tus N 
N 
o 
I 
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p1aoing too muoh emphasis upon the variation in aize of faunas from 

limestone to limestone but the distribution of oonodonts through the 

individual beds is important and has led to a number of questions 

partioular1y oonoerning the meohanism involved in produoing this 

distribution pattern. 

It seems fairly oertain that no single faotor has been 

responsible. A number of faotors, the most important of whioh have been 

desoribed, must have oombined their influenoes to produoe the remarkably 

oonstant distribution pattern. It is possible that the absenoe of a 

deo1ine in numbers of oonodonts at the top of the Thre. Yard Limestone 

indioates that this limestone sufferod erosion before the d.position of 

the shale above it. A s3JIlple of sha.le from 1 inoh above the Three 

Yard Limestone, which contained the highest oonoentration of oonodonts . 
in the whole study, was barren. 

The triple distribution pattern in the Middle Limestone 

substantiates the northward splitting of this horizon into three separate 

limestones. It also indioates the difterenoe in overall importanoe 

between the shale bands in the Middle Limestone and the apparently 

identioa1 shale band in the Gayle Limestone. The former thus represent 

that part of the cyclothems between the re1eTant limestones, refleoting 

a major ohange in pa1aeogeograp~ from south to north, whilst the latter 

is not a constant feature and bas no effect upon the outorop of the 

Gayle (= Smid~) Limestone. A oomplete sampling ot the Middle Limestone 

and its lateral equivalents over their geographioal extent oould thus be 

an interesting stu~ in the reoonstruotion ot the palaeogeography ot 

Middle Limestone times, using the horizons ot maximum abundanoe of 

conodonts as "time-places" or "correlation planes" trom one locality to 

the next. 

A brief study of the associated microfauna has shown that this 

is very variable and inoludes numerous tossil groups, none ot which were 

as universally distributed in the Yoredale Series as the oonodonts and 

none of which exhibited the same degree of regularity in distribution. 

The nearest oomparison which could be made was between the fish remains 

and oonodonts although this is not in any way considered as an indication 

-
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of the zoological affinities of the latter. The several reasons for 

this conclusion include the faot that fish remains are in general unoommon 

above the Five Yard Limestone but there is no reduotion in the number of 

conodonts. Also, both the fish remains and the conodonts may be 

abundant whilst the other is absent. In common with the other groups, 

the numbers of fish remains fluotuated strongly and it was impossible 

to forecast even their presence. 

The maorofauna seems to have been affeoted to some extent 

by factors which may have been those governing the oonodont distribution. 

For instance the base of the limestones otten oontained large numbers 

of corals, often in the position of growth, braChiopods were most oommon 

in the lower part of the limestone and there was sometimes an algal phase 

at the top, but this was not invariab~ the oase. Some limestones whioh 

showed a strong distribution pattern of oonodonts were praotioally devoid 

of a macrofauna, e.g. the Great Limestone ot Borrowdale Beok. 

The present stu~ has also shown that two ot the known 

natural oonodont assemblages oould have been present in the Yore dale 

Series but that at least one or probably several unknown assemblages 

were also involved. The reason for oonsidering that perhaps more than 

one other natural assemblage oontributed to these faunas is the rolation­

ship between the two most oommon genera. In all exoept the Hardraw 

Scar and Five Yard Limestones, Gnathodus was the most oommon genus but 

in these two limestones Apatognathus was the most oommon genus. 

Gnathodus girtyi girtyt is a large form whioh would be among the last 

to be destroyed or removed by erosio~ etc. and yet onlY <2 specimen. 

were obtained from the Hardraw Scar Limestone. This therefore suggests 

a different source, i.e. natural assemblage, for G. girtyi girtyi and 

Apatognathus, although the latter may well have originated from the same 

natural assemblage as the Gnathodus commutatus/nodo8us/ homopunctatus 

group of speoies. 

(b) Stratigraphy. 

A wide variety of genera and species of conodonts have been 

desoribed in the present report, involving every major limestone except 

the Crow, plus the Mirk Fell Beds. Although the distribution of 
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conodonts in the latter appears to be somewhat random, the distribution 

pattern desoribed for the individual limestones makes it possible to 

foreoast, to some extent the horizon of maximum ooncentration of conodonts. 

This is an obvious asset, partioularly in preliminary sampling, whioh 

would be concentrated on the upper~ of the limestone exoept where it 

was oomplicated lithologioally, in whioh oase samples would be taken 

from eaoh limestone unit. Even in the latter oase, however, unless 

there are obyious lithologic changes in the limestone, the conodonts 

are liable to be oonoentrated in the upper part of eaoh unit. 

As has alrea~ been desoribed, no two limestones contain 

the same oonodont fauna. The most important question is therefore 

whether or not the changes are signifioant to the stratigraphy of the 

Yore dale Series. Text fig.(20) has shown the ranges of all the speoies 

involved in the 'stu~ but text tig. (21) shown the ranges of selected 

speoies, i.e. speoies Whioh are restrioted in range and or present in 

suffioient numbers to be useful. A summary of the distinotive teatures 

of the fauna from eaoh limestone is given in table. p. (~9). This 

indioates that oonodonts may be used in the stratigraphy ot the Yoredale 

Series for the reoognition of horizons, based upon an assooiation of 

forms rather than single speoies. Not all of the limestones have a 

very distinotive fauna, normally beoause or the restrioted number ot 

forms present, but such horizons are usually interspersed by limestone. 

whioh are easily reoognised. 
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CHAPTER FIVE 

COMPARISON OF YOREDALE CONODONr FAUNAS 

WITH OTHERS OF SIMILAR AGE 
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CHAPrER V 

oO!PARIscn OF THE YOREDAl'.E OCNeDem' FAmrAS 

WITH ClrHERS CF sn.fILAR AGE 

Reference to Chapter Three indicates that studies of Vinean! 

Namurian conodonts are fa.irly numerous. It would tllorefore be a difficult 

and laborious task to canpare directly tbc Yoredale fa.unas with all those 

of similar age. However, since many works merely record the presence 

of conodonts and others describe them fran beds whioh have not 'boen 

precisely dated by other fossils, only important and especially interesting 

studies will be cons1c1ered. In addition other works have oonsidered 

conodonts as natural assemblages but since these are 80 rare and the 

source of the Yaredale faunas is unknown, little could be gained by such 

a comparison. 

(a) Belgium 

The only records of VisearVN'8Jm.lrian conodonts from 

Belgium consist of lists of species. Uppor Vis6an cpecies were listed 

by Serre and Lys (1960) and in cornmon with the Yoredale Series were 

dominated by Gnathodus, which represented 4 or the 9 species present. 

Only OzarkcxUna delicatula and Prioniodina cfls9ilaria were not prenent in 

the Yoreda.le Series but the biggest difference Was the extreJll)l.y restrioted 

number of species in Belgium, which did not inolude many of the most 

cammon Yoredale f~. 

The only record of Belgian Nawriam oonodonts is a chart of 

speoies and occurrences by Bouckaert and Hig,sins (1963) fran the E2 horizon 

of the Dinant Basin. Of the 26 forms listed, 22 ore oommon to Dolgium 

and the North of England. The main difference however i13 the result or 

distribution since of' the 22 forms oamnon to both areas, only 9 aotuo.lly 

occur in the E2 horizon of' the Yoredale Series. In addition the E2 

Yoredale faunas include genera suoh as r~nicu18tus and Streptoennthodus 

which are absent in Belgi~ 

(b) France 

Lys, llauvier and Serre (1962) inoluded short lists 
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of concxlonts in their study of the microfauna of the Upper Visean and 

Namurian of Northern France. The lists were, hCl\Vever, so brief that 
/ 

little could be gained from a comparison, except that, in the Upper Visean, 

two of the five forms recorded were Gnathodu5 eirtyi and G. commutatu8. 

Remack-Petitot (1960) also ino1uded a short seotion on French 

concx1onts in her work whioh mainly ooncerned North Afrioa but onlY' 

Gnathcx1us bi1ineatus and G. eirt;Yi were recorded from horizCl'l8 equivalent 

to the Yoredale Series. 

French ooncxlont faunas therefore appear to have been daninated 

by Gnathodus as in the Yoredale Series but the faunas were extre~ly 

small and it is unlikelY that they are representative of faunas or this 

age from France. 

( c) Germany 

ConcxlOllt research in Germany has boen mainly concen-

trated on the Upper Devonian and Lower Carboniferous and as a result there 

are no reoords of Namurian oancxlonts and the desoriptions or Vis6an 

faunas are relatively few in number. Although 5 worY..8 are to be oonsidered, 

only that of Meischner (1962) speoifioally concerned tho Goniatitao..:Jtute. 

Meischner's distribution ohart inoludod 2 fortn:l of' Gnathcxhll'l 

eirtrt, plus G. bilineatus, G. conl'l1utatu9, G, homoptmotatulS anll Gt ncxlosus, 

all of whioh are present in the Yoreda1e Serien. G. homopunotatus ocourred 

mainly at a lover horizon than G. ncx10sua ao in the Yoredsle Sories but 

the latter speoies was less conmCl'l then in the north of' England. In 

addition three other species were recorded by Moischner, i.e. G. toxnn\1s, 

G. semip;laber and Mestoa;nathus beckmanni, none of which ooourred sbow 

the lower part of the CU IIIj.3 zone and each of which was absent in the 

Yoreda1e Series. A oorrelation of the Yoredale Series with the 

Goniatites-8tufe of Germany would therefore place the base of the Yoredale 

sucoession at about midway through the cuIII;,3 zone (Goniatites striatus). 

Of the several speoies in Boger's range oharts, which ranged 

fran the Upper Devonian to zone cu IIye, only G. bilineo.tun and 

G. commutatus were found in the upper horizons. This is also in agreemnt 

with the conodont zones desoribed by Voges (1959). Three zonea ocour in 

the Visean, the anchoralis zone at the base and the bilineotus zone at 
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the top, between which there is an intermediate zone where both farm3 ore 

found. Fll~gel am Ziegler (1957) recorded seven 8peoies of GnAthcxlus 

from the Visean, the most oammon of which was G. eirtyi. 

Bischoff (1957) desoribed 1~ forms of cmodonts ranging from 

the Upper'Devonian to the top of the aoniat1tes-Stufe, of which 57 

ocourred in the latter stage. Of the 19 short ranging forms, which 

were restrioted to any one of' the three zones of the GoniBtites Stufe, 

only 3 occurred in the Yoredale Series. However 17 of the fcxt"m3 whioh 

ranged through part cr all of' this stage were found in the Yoredale Series 

and inoluded four speoies of Gnathodus. The ranges given by Bisohoff 

are thus in agreement with the base of the Yorodale Series oorrelating 

wi th a midway position in the cu IIIP zone, sinoe ,q. semip;18ber which is 

absent fran the Yoredale Series disappeared at this horizon in Germany. 

In addition several speoies of Hindeodella oanmm to both localities 

disappeared at the top of the cu III}3 zone thus oorreaponding with the 

reduction in this genus in the middle pnrt of the Yoredale succossion. 

The German faunas have therefore much in c~on with the 

Yoredale conodont faunas, particularly in the dominanoo of the genua 

anathcilus. The relative importance of the speoies Of this g~nus dOO8 

show SOt!le differences however, since G. bilinoatus and G. commutntus oro 

among the most important 8peoies in German,y, where there is not suoh a 

complete dominanoe of the fauna by G. girtyi, and G. ncx103us is muoh leaa 

connnon than in the North of England where G. texnnus io o.bsent. 

Another difference is the almost oomplete lack in Cormany 

of Apatop;nathus?, of whioh only a single speoimen was reoorded by Dischoff 

(1957). In addition Genioulatus, which ranged throughout the GO!]:f.ntitos­

Sture in Germany, was restricted to the E2 horizon in the Yoredale Series. 

(d) Great Britain 

The Yoredale oonodont faunas %'Opr6sent an interesting 

link between the faunas of' the LIidland Valley of Sootland (Olarke 1960) 

and those of the Southern Pennines (Higgins 1961 and in manusoript). In 

eaoh of these three areas the dominant genua was Gnathodus and the fOI"lll9 

present were the s~e, although there were same differenoes in nomenolature 

between the Scottish and English species. Oonsequently G. smithi has 
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been placed in synon~with G.bilineatus, G. clavatus with G. girtyi 

and G. erueiformis with G. nodosusnodosus. In addition the dominant 

species in each locality was G. girt!i (clavatus). One difference, 

however, was the presenoe in the Yaredale Series of G. ncdosus radiolu8, 

which was restricted to the Main LiIoostone. 

The intermediate position of the Yoredale Series between 

Scotland and the Southern Pennines is indicated in a study of the genus 

Spathognathodus. This genus was represented by a single spocieD, 

S. campbelli in the Southern Pennines and by four speoies, S. excdentatu3, 

S. minutus?, S. pusilis and S. seituluB in Sootland. S. minutuB and 

S. scitulus were the most important species of this genua in the Yorcdalo 

Series, where they were joined by S. eristula plus a number at other forms 

present in small numbers. 

Greater differencesorc evident bet~en the three localities 

in a study of Apotoenathus? A? gamina and A? poreata were both present 

in the Lemer and Upper Limestone Groups of Scotland. The r~r waD 

also present in the lower part of the Yorcdale 8uocesDion and the Vis;an 

of the Southern Pennines. The Yoredale Series, however, caltained S 

other species, each of which was new and ccmbined with A? eemina to make 

this genus the second most abundant of the study. The preoence of 

abundant Gnathodus and Apato~athus? would therefore appear to be a 

characteristio and distinguishing feature of Yorcdale oonodont faunas. 

Clarke recorded a total of 18 genera and 40 speoies fran the 

Midland Valley of Scotland and ct these 15 genera and 17 speoies have 

been found in the Yoredale Series and 13 genera and 10 speoies in the 

Southern Pennines. There is thus a strong similarity between the 3 

areas, although the effeot of geographio separation is obvious. There 

is also an appreciable variation in the number of forms present in the 

3 areas. Compared with the 18 genera and 40 speoies of Scotland, the 

Yoredale Series oontained 22 genera, 76 speoies and 4 varieties, whilst 

23 genera, 51 speoies and 4 varieties were recorded in the Southern 

Pennines. The range in variety of forma is therefore greatest in the 

Yoredale Series, particularly when it is remembered that the 51 speoies 

of the Southern Pennines spanned from the Upper Visean to the Lower Coal 
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Measures and theretore inoluded several Whioh oould not possibly haTe 

been tound in the Upper Visean and Lower Namurian. 21 genera, 39 species 

and 4 varieties thus occurred in the Southern Pennines at equivalent . 
horizons to the Yoredale Series, and ot these 17 genera, 31 speoies and 

2 varieties have been found in the latter area. The oomparison between 

the two areas is thus much oloser than the total tigures suggested. 

The Yoradale oonodont faunas therefore appear partly as a mixture of the 

faunas trom Scotland and the Southern Pennines but also oontain torma 

which are indigenous to the North ot England. 

(e) North Afrioa 

The oonodont faunas ot North Afrioa, cOTering an 

extremely wide range of beds 1'rom Silurian to Pennsylvanian, haTe been 

studied by Remaok-Petitot (1960). Beds ot relevant age to this stu~ 

yielded 5 genera, 9 speoies and 1 subspeoies, of which only Gnathodus 

roundyi, G. texanus and CaTUsgnathus oristata were absent 1'rom the Yore dale 

Series. However there was a marlced lack in the North Atrioan faunas ot 

Gnathodus oommutatus, G. homopunotatu8 and G. nodoau8 and also genera 

such as Apatognathus? and Neoprioniodu8, both ot whioh were common in 

the Yoredale Series. 

(t) North Amerioa 

The difficulties involTed in a oomparison ot the 

Yoredale conodont faunas with those ot North America are mainly the 

result of di:t'ticul~ies in interoontinental correlation. The reason 

for the di:t'1'iculties in oorrelation is the absence of useful zonal 1'08sils 

oomaon to the two areas. Conodonts are however proving extremelY 

use1'ul and numerous oorrelations haTe been based upon these 1'ossila. 

The problem is enhanoed by the fact that even wi thin North Allerica 

oorrelations from one part of the oontinent to another are by'no meana 

oertain. Correlation charts produoed by Weller et. al., 1948 and 1400re 

et a1.,1944 equate the Lower Naaurian with the Chester Seriea. The 

Upper Vise-an is therefore probably equivalent in part to the Chester 

Series and also the Meramec or Upper Valmeyeran Series. SeTeral Upper 

Mississippian horizons have been studied in America from areas other 

than the IllinoiS/Mississippi Basin, inoluding the Barnett Formation or 
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Texas, the Stanley Shale of Arlcansas and Oklahoma and the Caney Shale 

of Oklahoma, but their exaot age is still unoertain. A oomparison 

of the oonodonts bowever indioates that they are roughly equivalent to 

the Chester Series of Illinois. 

The Barnett Formation was described by Haas (1953), who 

oonsidered that the upper of its two faunal zones was probably partly 

Merameo and partly Chester age whilst the lower zone was Osage (Keokuk) 

in age. If this is oorreot, the upper faunal zone is probably equivalent 

to at least part of the Yoredale suooession. 

Hass did not desoribe the lower taunal zone, although he 

did list the genera. present. The8e inoluded Gnathodu8, lIibbardella, 

Hindeodella, Ligonodina, Neoprioniodu8, Roungya. and Subbtyantodus, all 

of whioh were present in the Yoredale Series and apart trom Roungya were 

typioal 01' the lower part of the Yore dale suooession. There is 

therefore a strong similarity at a generio level between the lower 

faunal zone of the Barnett Formation and the lower part of the Yoredal. 

suooes8ion but the most pronounoed differenoe is the laok in the formor 

of the genus Apatoenathus? 

The upper faunal zone 01' the Barnott Formation y1el~ed a 

relatively larger and more varied fauna of oonodonts oomprising 10 

genera and 18 speoies but was nevertheless extremely limited in variety 

for such abundant material. All the forms rall8ed throueh the upper 

faunal zone exoept Gnathodus texanus which was absent from the top 01' 

the zone and Neoprioniodus singularis lWhioh was restrioted to the top. 

Of the 18 species present, 8 were oommon and inoluded Gnathodus oommutatu8, 

G. bi1ineatus, Genioulatus olaviger, Lonchodina paraolarki and Rounqya 

subaood.a, each of which was found in the Yoredale Series. The presenoe 

of Genioulatus might suggest a oorrelation of this fauna .with that 01' 

the Mirk Fell Beds but as has alrea~ been seen, this genus has been 

found throughout the Goniatites-Stufe in Germany. 

Hass also oompared the Barnett Formation with the Stanley 

Shale and the Caney Shale. The latter was desoribed by Elias (1956) 

and divided into the Ahlosa, Delaware Creek and Sand Branch memberl5, in 

I! 
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ascending order, the upper of whioh was oonsidered to be of Chester age 

and the lower two Merameo. Elias oonsidered the Barnett Formation to 

be of Chester age, slightly younger than the Delaware Creek member ot 

the Caney Shale and equivalent to the stanley Shale. All were oonsidered 

equivaJ.ent to the Lower Namurian of Europe. This was supported by the 

faot that the most important oonodont genus in aJ.l these areas, plua 

the Yore dale Series, was Gnathodus. The three most oommon speoies were 

G. bllineatus, G. girtY! and G. commutatus and in this respeot the 

Yoredale faunas were unusual in the relatiTe unimportance ot G. bilineatus 

and the oomplete absenoe of G. texanus. 

Comparisons of the major elements or the faunas of North 

Amerioa and Northern England are not as direot when oonsidering the 

alternating sediments of the Illinois Basin, lWhere, 1n the standard 

succession of the Chester Series, the place of Cnathodua as the dominant 

genus 1s taken by Cavusgnathus. There is neTertheleas a atrong 

resemblance between the faunas of the two areas, in oomposition it not 

in relative proportions. 

The oldest fauna relative to this diacussion 1s thnt of the 

st. Louis Formation of the Va1meyer~ Series (Rexroad and Collinson, 1963). 

This fauna. oontained 11 genera, of which only Taphrognathu8 has not been 

found in the Yore dale Series and 1n oommon with the present study, also 

oontained abundant specimens of Apatognathus? The ocourrenoe or 

Taphrognathus was the youngest for this genus and was oombined with the 

oldest occurrence of Cavusgnathus. In view of the abaenoe ot the former 

and the presenoeof the latter through the Yoredale Series, plus the tact 

that the common forms in the St. Louis Formation, including Spathognathodus 

scitulus, Apatognathus? gemina and Ligonodina levis all ocourred 1n the 

lower part of the Yoredale suooession, it is probable that the Amerioan 

horizon is equivalent to the base of the Yore dale Series or to the top 

of the Great Soar Limestone. This is also substantiated by the presenoe 

of Ozarkodina. laevipostica in both areas but only oommon in the present 

study in the Gayle Limestone. The appearance of many new forms in 

the Gayle Limestone is therefore probably a refleotion of the onset of 

true Yoreda.le oonditions rather than an evolutionary trend. The major 
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difference between the faunas of the st. Louis Formation and those of 

the yoredale Series is therefore the relative unimportance in America of 

the genus ~nathodus, which was represented only by rare specimens of 

G. commutatu8 and G. texanus. 

The fauna of the Pella Formation, redescribed by Rexroad 

and Furnish 1964 after Youngquist and Miller 1949, "as correlated with 

that of the Ste. Genevieve Limestone of the standard succession. 1~ 
. 

genera and 25 species were described, of which 9 genera and 11 species 

have been found in the Yoredale Series. The two most common specie. 

were Cavusgnathus unicornis and SpathOgnathodus oristula, both of Whioh 

have been found in the Yoredale Series. The latter species substantiate. 

the oorrelation with the St. Louis Formation outlined above since it 

first appears in the Hardra" Soar Limestone, and is absent from the 

Gayle Limestone. Other species oommon to the two areas are 

Neoprioniodus scitulus, Ligonodina tenuis, L. levis, Neoprioniodus 

singularis, N. peracutus and Magnilaterella robusta, of whioh the latter 

was the most restrioted, being recorded in small numbers from the Middle 

Limestone to the Main Limestone. The Pella and Ste. Genevieve Formations 

therefore roughly correlate with the horiZon of the IIardraw Soar 

Limestone but possibly as high as the Middle Limestone. The Pella 

faunas were strikingly different from the st. Louis and Yore dale faunas 

in the lack of Apatognathus? 

The whole of the Chester Series was studied by Rexroad (1957), 

who described 27 speoies belonging to 9 genera but the faunas of seTeral 

of the formations involved have since been desoribed in detail. 

The oldest Chester tauna to be described was that of the 

Paoli Formation (Rexroad and Liebe 1961) of Indiana and Kentucky, which 

is equated with the Renault, Yankeetown and Downey Bluft Formations ot 

Illinois. Onoe again Cavusgnathus unicornis and SpathOgnathodus oriatula 

were the most common species and Gnathodus acoounted tor a.% of the tauna 

in the upper part of the formation. Of the 11 genera described 10 have 

been found in the Yoredale Series and the 11th, described as Elsonella? 

was both rare and uncertain. The relative proportions of the various 

elements of the faunas were different however since Cavusgnathus and 
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Spathognathodus were still the dominant genera in the Paoli Formation , 
followed by Neoprioniodus and Ligonodina. The presenoe of Hibbardella, 

LambdagnathuB, Synprioniodina and IIindeodus suggest a rough oorrelation 

with the middle part of the Yoredale suooession. 

The Goloonda Group was desoribed by Rexroad and Jarrell 

(1961). The lower of the three formations oomprising the group was 

unusual for the Chester Series in that the dominant genus was Gnathodus. 

This genus, however, only represented 1% of the fauna in the upper 

formation, where it was once more replaoed by Cavusgnathus. The lower 

or Beech Creek Formation therefore had strong similarities with the 

Yore dale faunas in its three most common forms - Gnathodus oommutatus, 

G. bilineatus and Neoprioniodus singularls. 

The Glen Dean Formation (Rexroad 1958) oontained 27 speoies 

from 12 genera. The most important speoies were Cavusgnathu8 unioornis, 

Neoprloniodus BcituluB, Ligonodina levis and Spathognathodus oristula, 

each of which have been found in the Yoredllle Seriea. Thirteen of 

the Glen Dean speoies were present in the North of England. Collinson, 

So ott and Rexroad (1962) correlated the Glen Dean Formation with the 

base of E2 in the European suocession, the horizon of the Mirk Fell 

Beds. The Yoredale oonodont faunas are not in agreement with this 

oorrelation, however, since the Mirk Fell (E2) faunas were highly 

distinctive and closely resembled those of the Kinkaid Formation (upper 

part) at the top of the Chester Series and Mississippian. 

The Kinkaid Formation (Rexroad and Burton 1961) oontained 

28 species from 12 genera and was divided into 4 units. The lower 3 

units were typically Chesterian in aspect and oontained 11 genera and 

26 species of which 9 genera and 15 species occur in the Yoredale Series. 

The dominant genera were Cavusgnathus and Neoprioniodus and the most 

oommon species C. unicornis. 

The upper unit of the formation was strikingly different from 

the lower 3 units in that StreptognathoduB comprised one third of the 

fauna and there was a marked decrease in Cavusgnathus. Transi tional 

forms between these two genera suggested that this was an evolutionar,y 

change rather than a migratory influx. The upper unit is thus correlated 
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with the Mirk Fell Beds on the basis of the transition trom Cavusgnathus 

unioornis to Streptognathodu15 unioornis, whioh was observed in both areas. 

The three lower units of the Kinkaid Formation also correlate ver" 

satisfactorily with the E1 horizons of the Yoredale succession, i.e. 

Main Limestone to the base of the lUrk Fell Beds. The basis of this 

correlation is primarily the appearance in the Main Limestone of Cavus­

gnathus navioula which Rexroad and Burton described as 1 of only 3 forms 

out of 26 in the Kinkaid Formation whioh have not been found in other 

formations lower in the sequence. 

The correlations suggested by the Yoredale stu~ and which 

are indicated in text fig.(22) are partioularly important since they 

inolude the Mirk Fell Beds, the only Yoredale horizon oontaining a 

goniatite fauna. A definite lower E2 age is thus known for these 

beds. The Kinkaid Formation, whioh is the uppermost formation of the 

Mississippian as well as of the Chester Series, does not contain 

goniatites and is in addition overlain by Middle Pennsylvanian in the 

type area of Illinois. In Oklahoma, where the sucoession is oomplete, 

the Mississippiaq/Pennsylvanian Junction is considered to occur at the 

E~H horizon on the European Goniatite suocession, hence Collinson, 

Soott and Rexroad' 8 correlation of the top of the Kinkaid ll'orma.tion 

with the base of H. The implioations of the correlation suggested by 

the oonodonts of the Yoredale Series are therefore twotold:-

ai ther (a) Mississippian beds which are younger than the Kinkaid 

Formation occur in areas other than the type-area 

or (b) the Mississippiaq/Pennsylvanian Junotion is plaoed too 

high in the succession in Oklahoma and Texas. 

(g) Spain 

Spanish oonodonts of Middle Visean to Lower Namurian 

age were desoribed by Higgins ~ 962), trom the "Griotte" Limestone. The 

faunas had much in common with those of the Yore dale Series, particularly 

in the abundanoe of speoies of Gnathodus. The following speoies were 

reoorded:- G. bilineatus, G. oommutatus, G. homopunotatu8, G. nodosus, 

G. girt~i, G. delicatu8, G. semiglaber, G. multinodosus and G. texanus, 

of which the latter 4 were absent in the Yoredale Series. Unlike the 
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Yoredale faunas, however, G. bi1ineatus was the most oommon speoies and 

ranged throughout the Spanish sequenoe. 

Of the remaining fauna CaYUse thus was short ranging in the 

Namurian and most of the other forms were relatively long ranging and 

consisted of many species common to Spain and the North of England. 

(h) Cono1usions 

It is evident from the foregoing paragraphs that 

accurate oomparisons and oorrelations of the Yoredale oonodont faunas 

can only be made with those of the Southern Pennines, the Midland Va,lley 

of Scotland, Germany. and the U.S.A. This is merely a refleotion of the 

1aok of suffioient knowledge of the faunas from other areas. 

Thore are great similarities between the faunas of tho three 

Bri tish areas and in most senses those of the Yoreda1e Series appear as 

an intermediate stage between the faunas to the south and north. In 

each area the dominant speoies was Gnathodus girtyi. In one respeot 

however, the Yore dale Series was somewhat different, since the oonditions 

represented by the limestones appoar to have been the optimum oonditions 

for the genus Apatognathus?, which was found in gre~ter variety than haa 

previously been recorded. 

A comparison with Germat13 showed the main differenoes to be 

an almost complete laok of Ap!tognathus? plus a more diverse range ot 

speoies at Gnathodus. Of partioular interest was the absenoe of 

G. texanus in the Yoredale Series and the relative unimportanoe of 

G. bi1ineatus when oompared with Germany. Geniou1atus waS also 

peculiarly restrioted to the uppermost horizon of the Yoredale Series. 

The base of the Yoredale suooession correlates with about the middle of 

the cu III;:5' zone (Goniatites striatus) of Germany. 

In many respeots oorre1ation of the yoredale Series with the 

United States was easier than with Germany. Eaoh fauna desoribed from 

the Valmeyeran or Chester Series could, to var,ying degrees, be oorre1a,ted 

with faunas in the Yoredale Series. The St. Louis Formation was of 

particular interest in its abundance of Apatognathus? but the most 

important correlation was between the Mirk Fell Beds, with an E2 

Goniatite fauna. and the upper unit of the Kinkaid Formation. This has 
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illustrated the difficulties experienoedin oorrelation within the U.S.A. 

sinoa it is oonsidered that either there must bo younger Mississippian 

beds than the Kinkaid Fonna. tion outside the type area. or that the 

Miss.issippiarVPennsylvanian junotion must be somewhat lower than haa been 

previouslY thought, i.e. E1/E2 as opposed to E~H. 



CHAPTER SIX 

CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK 



CHAPTER VI 

1. CONCLUSIONS 

The Yoredale Series has bean shown to oonsist of a variable 

number of oyolothems, eaoh of whioh oontain a wide range of lithologies 

arranged in a regular order. These lithologies, ranging from fully 

marine limestones and Shales to seat-earths and ooals, refleot the great 

and rapid changes in environment, which took plaoe during the deposition 

of the series. A great deal of oontroversy exists as to the aotual 

oontrol of these ohanges'but many writers agree that deposition was 

strongly influenoed by the formation and overwhelming of large deltas 

which oovered much of the North of England during the Upper Visean and 

Lower Namurian. 

In a series of variable strata, where lithologies are 

repeated ma~ times, reoognition of partioular horizons or even oyolothems 

is difficult, partioularly in teotonioally disturbed areas, and the 

fauna they contain is strongly influenced by the repeated ohanges in 

environment. Thus goniatites, which bave proved extremely useful tor 

the recognition, dating and oorrelation of equivalent horizons in other 

parts of the world, are 80 extremely rare in the Yoredale Series that 

they are of little or no "werking value". In addition the alterna.tive 

of the cora~braoh1opod zonal soheme is relatively insenaitive tor the 

short period of time represented by the Yoredale Series. 

An acourate and applicable method for reoognition, dating and 

oorrelation in the Yoredale Series was therefore needed and in an 

effort to provide such a method a stu~ of the oonodont remains of these 

beds has been carried out. As a result of this study several faots have 

emerged:-

(a) Conodonts are present in the Yoredale Series. 

(b) These fossils have been obtained from ever,y limestone 

from which samples bave been digested. for this study. 

(0) The only shales from which oonodonts have been obtained 

were the lUrk Fall Shales but this may partly refleot the ooncentration 

of study upon the limestones. 
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(d) These fossils are generally present in great abundance, 

reaching a maximum of over 500 specimens per Kgm. of rock (Collinson, 

Scott and Rexroad 1962, considered a species abundant if its conoentration 

was greater than 3 speoimens per Kgm.) 

(e) Over 9000 specimens were studied, representing 76 speoies 

and 4 varieties from 22 genera and these oombined to make the Yoredala 

faunas unique, particularly in the abundanoe of Gnathodus and ApatogMthus? 

(f) The genus Apatognathus? appears to bsve been faoies 

controlled during Carboniferous times and may have been restrioted to 

the type of environment represented by the Yoredale limestones. 

(g) Part of the fauna. oould have originated from two of 

the known natural conodont assemblages i. e. Westt'alicu8 (Schmidt 1934) and 

Lewistownella Soott 1942. 

(h) The majority of the conodonts present in the Yoredale 

Series originated from an as yet unknown na.tural assemblage. 

(i) Conodonts are not sporadioally or randomly distributed 

through individual limestones but ocour in a regular pattern whioh with 

certain modifications, is repeated in each limestone. 

(.1) Except in the Middle Limestone, the maximum conoentra-

tion of conodonts occurs in the upper third of each bed. 

(k) In the Middle Limestone each limestone unit has a 

separate conodont distribution pattern and the horizons of maximum 

concentration may represent correlation "time-planes" with the three 

separate limestones, which are its late~al equivalents, on the Alston 

Block. 

(1) The distribution pa.ttern must be the result or several 

influences of which the most important were probably ohanges in the 

marine environment including speed of accumulation of sediment. 

(m) No two limestones contain identical faunas sinoe ohanges 

in composition of the faunas through the serie 15 are combined with marked 

fluctuations in their size. These fluctuations involve both the number 

of specimens and species, disregarding the effeot of distribution through 

the individual beds. 
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en) The oonodont faunas are therefore stratigraphioallY 

useful sinoe they are abundant, show rapid ohanges and are easilY 

extraoted from the dominant lithology of eaoh oyolothem. 

(0) The Yoredale oonodont faunas show great similarities 

with the faunas of Sootland and the North Midlands but also oontain 

forms which appear to be indigenous to the North of England. 

(p) Many of the forms are very widely distributed and thus 

enable correlation on a very wide soale. 

(q) Correlation with Cerman faunas indioates that the base 

of the Yoredale Series occurs at about the middle of the Goniatites 

striatus zone ( cUIIIP). 

(r) A olose oorrelation is possible between the Yore dale 

faunas and those of Illinois and this indioates that the type seotion 

of the Chester and Valmeyeran Series is more oondensed than has been 

previously thought. The base of the Yoredale Series oorrelates with 

the horizon of the Stet Cenevieve and st. Louis Formations, and the Mirk 

Fell Beds, whioh are of basal E2 age, with the upper division ot the 

Kinkaid Formation. The implications are therefore that either Misaia-

sippian beds which are younger than the Kinkaid Formation ooour outaide 

of the type-area of Illinois or the Missis8ippia~Pennsylvanian 

junotion should be plaoed at a lower horizon. 

(s) Yoredale oonodont faunas are assooiated with a large 

and varied miorofauna. 

(t) Contrary to the majority of ooourrenoes of oonodonts, 

the Yoredale faunas are assooiated with a oora~braohiopo~orinoid 

macrofauna. 

The oonodont faunas of the Yoredale Series therefore tultil 

the requirements for the reoognition, dating and oorrelation of horilona. 

2. SUGGESTIONS FOR FUTURE WORK 

A number of suggestions for future work bave arisen, 

partly as a natural progression on to topios olosely related to ani 

resulting from the present study, and partly due to the relative suooess 

! 
{ 
J 

;1 
\ 
~ . 
i 
" , 

i' 
i 



- 239 -

of the oonodonts of the Askrigg and Alston Blooks. 

It was stated in Chapter One that the Northumberland Trough 

is a well-defined teotonio area constituting a atu~ in its own right. 

A stu~ of the conodonts of this region would serve several purpoa8S:­

(a) It would provide the last link between the faunas of 

the Midlands and Sootland. 

(b) It would SUbstantiate or refute the suggested 

oorrelation with the Misaissippia~Penn8ylvanian junotion. 

(0) It would be possible to reoognise aD\Y Tournaisian 

strata Which may be present. 

(d) Conoentrated oollecting in the region of the Viae~ 

Namurian Junction would indioate its etfeot, if' any, on the conodont 

faunas and this might, in turn, substantiate or refute its present 

plaoing between the Underset and Main Limestones. 

A detailed study of the Middle Limestone and its lateral 

equivalents over their whole outorop area would illustrate the 

palaeogeography of that time, indicate the extent of the deltas and the 

relative speeds 01' deposition 01' the various parts 01' the cyclothem(a) 

over their geographio extent. 

Finally, a similar stu~ could also be extended southwards 

into the Great Scar Limestone with the possibility of recognising the 

lateral equivalents of cyolothems in a massive 1~e8tone sequenoe by 

a study of the vertioal distribution and abundanoo of oonodonts. 



APPENDIX 

Faunal Lists of the Conodonts present in eaoh Horizon, 

exoluding those forms Whioh appear in the table on pages 219 & 220 

lUrk Fell Beds 

Gnathodus girtyi Hass girtyi 

G. girtyi Hass suloatus Higgins 

Ligonodina levis Branson and Meh! 

L. tenuia Branson and Mehl 

L. typs. (Gunnell) 
Lonohodina paraolarki Hass 

Magnilaterella oompleotens (Clarke) 

Neoprioniodus oonjunotus(Gunne11) 

N. peraoutus (Hinde) 

N. singu1aris (Hass) 

Roundya subaooda (Gunnell) 

Spathognathodus oristula Youngquist and Miller 

s. 80itulua (Hinde) 

Little Limestone 

Apatognathu8? lib rata sp.nov. 

Cavusgnathus navioula (Hinde) 

Ligonodina of. ultima Clarke 

Main Limestone 

* - forms whioh do not ooour above the Main Limestone 

*Apatognathus? ouspidata sp.nov. 

·A? l1brata sp.nov. 

*A? petila sp.nov. 

*A? scalena sp.nov. 

'Cavusgnathus unioornis Youngquist and Miller 

*Gnathodus bilineatus (Roundy) 

*G. oommutatus (Branson and Mehl) 

. G. girty! Hass girtyi 

G. girtyi Hass sulcatus Higgins 

·Hibbardella frag1lis Higgins 

·Hindeodella germans. Holmes 

·H, hamatilis sp.nov. 

*H. ibergensis Bischoff 

*Hindeodus Bp.A • 

. Ligonodina levis Branson and J4ehl 



L. tenuis Branson and Mehl 

L. typa (Gunnell) 

*L. ultima Clarke 

*b. n.sp.A. 
*Lonchodina furnish! Rexroad 

*L. paraclaviger Rexroad 

*~ cf. projecta Ulrich and Bassler 

Magnilaterella complectens (Clarke) 

*M. robusta Rexroad and Collineon 

*!!.:. sp.A. 

*!:. spp 
·Neoprioniodus peracutus (Hinde) 

N. singularis (Hase) 

*New Genus - Rexroad and Collinson 

*Ozarkodina adunca sp.nov. 

*~ cf. laevipostica Rexroad and Collinson 

*.2.:. sp.B • 
• Spathognathodus minutus (Elliscn) 

S. scitulue (Hinde) 

*!.=. sp.A. 

Iron Post Limestone 

Neoprioniodu8 singularis (Hass) 

Spathognathodus soitulus (Hinde) 

Underset Limestone 

Apatognathus? cuspidata sp.nov. 

A? librata sp.nov. 

A? petila sp.nov. 

A? scalena sp.nov. 

Cavusgnathus unioornis Youngquist and Miller 

Gnathodus bilineatus (Roun~) 

G. oommutatus (Branson and Mehl) 

G. girtyi Hass suloatus Higgins 

G. nodosu! Bischoff nodosus 

Hindeodella hamatilis sp.nov. 

H. ibergensis Bischoff 

Hindeodus s p.A. 

Ligonodina levis Branson and Mehl 

L. tenuis Branson and Mehl 

L. type {Gunnell) 
Magnilat.aralla. compleotens (Clarke) 

M. robusta Rexroad and Collinson 

Neoprioniodus conjunctu8 (Gunnell) 

N. peracutus (Hinde) 

N. singularis (Hass) 



Ozarkodina adunoa sp.nov. 

~ of. laevipostioa Rexroad and Collinson 

Spathognathodus oristula Youngquist and Miller 

S. soitulus (Hinde) 

Three Yard Limestone 

Apatognathu8? ohaulioda sp.nov. 

A? ouspidata sp.nov. 

A? librata sp.nov. 

A? petila sp.nov. 

A? soalena sp.nov. 

Cavu!gnathu8 unioornis Youngquist and Miller 

Gnathodus bilineatus (Roun~) 

G. oommutatus (Branson and Mehl) 

G. girtyi Hass suloatus Higgins 

G. nodosu! Bisohoff nodosus 

Hibbardella tragilis Higgins 

Hindeodella germana Holmes 
• Ligonodina levis Branson and Mahl 

L. tenuis Branson and Mahl 

L. typa (Gunnell) 

L. ultima Clarke 
Lonohodina paraolavigar Rexroad 

Magnilaterella oompleotens (Clarke) 

M. robusta Rexroad and Collinson 

1!:. sp.A. 

!!:. spp 
Neoprioniodus peraoutus (Hinde) 

N. soitulus (Branson and Mehl) 

New Genus - Rexroad and Collinson 

Ozarkodina adunoa sp.nov. 

~ of. laevipostioa Rexroad and Collinson 

.Q.:. sp. B. 
Roungya subaooda (Gunnell) 

Spathognathodus minutus (Ellison) 

S. soitulus (Hinde) 

Five Yard Limestone 

Apatognathus? ohaulioda sp.nov. 

A? ouspidata sp.nov. 

A? petila sp.nov. 

A? sealena sp.nov. 

Gnathodus girtyi Hass girtyi 

G. nodosus Bisohoff nodosus 

Ligonodina levis Branson and Mehl 

L. tenuis Branson and Mahl 



Magnilaterella compleotens (Clarke) 

Neoprioniodus scitulus (Branson and Uehl) 

Ozarkodina cf. laevipostica Rexroad and Collinson 

Spathognathodus minutus (Ellison) 

S. soitulus (Hinde) 

Middle Limestone 

Cavusgnathus unicornis youngquist and Miller 

Gna thodus bilinea tus (Roundy) 

G. commutatus (Branson and Mehl) 

G. nod08us Bisohoff nodosuB 

Hibbardella li>normis Branson and Mahl 

Hindeodella brevis Branson and Mehl 

H. germana Holmes 

H. hamatilis sp.nov. 

H. ibergensis Bisohoff 

Lambdagnathus maorodentata Higgins 

Ligonodina levis Branson and Mehl 

L. tenuis Branson and Mehl 

L. typo. (Gunnoll) 

L. ultima Clarke 

Lonohodina furnishi Rexroad 
L. paraolaviger Rexroad 

Magnilaterella alternata sp.nov. 

M.oompleotens (Clarke) 

Neoprioniodu8 soitulus (Branson and Yehl) 

N. varians (Branson and Mehl) 

New GenuS - Rexroad and Collinson 

Ozarkodina adunoa sp.nov. 

~ cf. laevipostica Rexroad and Collinson 

RounSra subacoda (Gunnell) 

Spathognathodus cristula Younsquist and Miller 

Synprioniodina forsenta Stauffer 

Simons tone Limestone 

Angulodus walrathi (Hibbard) 

Apa. togna thus? gemina (Hinde) 

A? librata sp.nov. 

A? petila sp.nov. 

Cavusgnathus unioornis Youngquist and Millar 

Gnathodus commutatus (Branson and Mahl 

G. nodosus Bisohoff nodosus 

Hibbardella abnormis Branaon and Mehl 

Hindeodella germana HoImes 

H. hamatilis sp. nov. 

H. ibergensis Bischoff 



H. undata Branson and Mehl 

Lambdagnathus n.ap.A. 

L1gonodina levis Branson and Yehl 

L. typa (Gunnell) 

L. ultima Clarke 

h n.sp.A. 

Neoprioniodus peraoutus (Hinde) 

N. soitulus (Branson and Uehl) 

New Genus - Rexroad and Collinson 

Ozarkodina adunoa sp.nov. 

Subbryantodu8 subaequalis Higgins 

S,nprioniodina forsenta Stauffer 

Hardraw Soar Limestone 

Apatognathus? librate. sp.noT. 

A? petila sp.nov. 

Gnathodus girt~ Hass girtyi 

Hindeode1la undata Branson and Mehl 

Neoprioniodus s1ngu1aris (Hass) 

New Genus - Rexroad and Collinson 

Gayle Limestone 

* - forms not found below the Gayle Limestone 
*Angulodua walrathi (Hibbard) 

'Apatognathus? ohau1ioda sp.nov. 

A? gemina (Hinde) 

*A? lib rata sp.nov. 

*A? petila sp.nov. 

*Cavusgnathus unioornis Youngquist and Miller 

Gnathodus bilineatus (Roun~) 

G. oommutatus (Branson and Uehl) 

G. homopunotatu8 Ziegler 

*G. nodoau8 Bisohoff nodosus 

*Hibbardel1a abnormis Branson and Mehl 

*He fragilis Higgins 

. Hindeode11a brevis Branson and Mehl 

*H. germana Holmes 

*H. hamatilis sp.nov. 

-H. ibergensis Bisohoff 

He undA ta Branson and Mahl 

*Lambdagnathus n.sp.A. 

*tigonodina levis Branson and Mehl 

*t. tenuis Branson and Mehl 

*t. typa (Gunnell) 

*L. ultima Clarke 

*1:, n.sp.A. 



*Lonohodina furnish! Rexroad 

*L. paraolaviger Rexroad 

*Magnilaterella alternata ap.nov. 

*M. complectens (Clarke) 

*!.:. app. 

Neoprioniodus peraoutus (Hinde) 

*N. aoitulus (Branson and Mebl) 
\ 

N. singularis (Hass) 

*N. spathatus Higgins 

*N. varians (Branson and Mebl) 

*New Genus - Rexroad and Collinson 

Ozarkodina adunoa sp.nov. 

*0. laevipostica Rexroad and Collinson 

*0. of. laevipostioa Rexroad and Collinson 

*.2.:. sp.A. 

Spathognathodus acitulus (Hinde) 

*Subbryantodus subaequalis Higgins 

* Synprioni 0 dina forsenta Stauffer 

Hawes Limestone 

Apatognathus? ohaulioda sp.nov. 

A? gemina (Hinde) 

Gnathodus bilineatus Roun~ 

G. girt:! Hass girty! 

G. girtyi Hass suloatus Higgins 

G. homopunotatus Ziegler 

Hindeodella brevis Branson and Yabl 

H. ibergensis Bisohoff 

H. undata Branson and Mebl 

Lonohodina sp.B. 

Neoprioniodus singularis (Hass) 

Ozarkodina adunoa sp.nov. 

Spathognathodus soitulus (Hinde) 
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PLA.TE 1 

All Figure s x 41 

Apatograthus? chaulioda sp.nov. 

Figs. 1 and 4 Type specimen, 26/5/GG202, outer and inner' 

lateral views. 

Fie;s. 2 and 3 

Fig.5 

Fig.6 

34/3/GBSA, inner and outer lateral views. 

23/1/MG285 inner lateral view. 

24.16/SW182 outer lateral view of large incomplete 

specimen. Apical cusp broken and anterior 

bar missing. 

Apatognathus? cuspidata sp.nov. 

Fig.7 '31/3/BB159, inner lateral view. 

Figs. 8 and 9 25/4/SW182, inner and outer lateral views. 

Fig.i0. 

Fig.i1. 

Fig.12. 

Fig.13 

Denticles broken but bars complete. 

Type specimen, 28/6/BB205, outer lateral view. 

showing complete cusp. 

29/2/BB2()4., inner lateral view. 

2~/5/MG285, inner lateral view. 

31/2/BB159, outer lateral view. 
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PLATE 2 

All Figures x 41 

Apatognathus? gemina. (Hinde 1900) 

Figs. 1 and 2 80/S/G-B11 OJ, aboral and oral views of the 

posterior bar of a broken specimen showing the 

extent of lateral thickening and the position 

of the aboral groove. 

Fig.3 81/1/GB110A, inner lateral view. 

Apatognathus? librata sp.nov. 

Figs. 4 and 7 30/2/BB212, inner and outer lateral view of an 

Fig.5 

Fig.6 

Fig.8 

Fig.9 

immature specimen. 

29/5/BB159, inner lateral view of a juvenile 

specimen. 

28/4/BB205, inner lateral view • 
. 

25/5/SW182, inner lateral view. 

Type specimen, 18/2/MG-132, inner lateral view of 

a large mature specimen. 

Figs.10 and 11 31/6/BB159, inner and outer lateral views of 

specimen with large denticle near apex. 

Apatognathus? petila sp.nov. 

Figs.12 and 13 24/4/SW182, outer and inner lateral views. 
\ 

Fig.14. 34/5/GB110, inner lateral view. 
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PLATE 3 

All Figure S x 41 

ApatOgnathus? petila sp.nov. 

Fig.1 

Fig.2 

Type specimen, 16/6/MG39, outer lateral view. 

20/5/MG259, inner lateral view of large broken 

specimen with thickening on the posterior bar. 

ApatOgnathus? scalena sp.nov. 

Figs. 3 and 4 Type specimen, 32/4/BB213, inner and outer 

lateral views showing the greater length of the 

anterior bar. 

Fig.5 22/5/MG278, inner lateral Tiew. 

Fig.6 31/4/BB159, inner lateral view. 

Fig.7 33/3/GG217, outer lateral view. 

Fig.8 18/5/MG131, inner lateral view. 

Geniculatus claviger Roundy 1926 

Fig.9 

Fig.10 

65/2/MF191, oral view of a highly thickened 

specimen with a small cusp. 

65/3/MF191, oral view of a specimen with a 

larger cusp. 

Angulodus walrathi (Hibbard 1927) 

Fig.11 

Fig.12 

35/2/GB111, inner lateral view. 

35/1/GB117, inner lateral view. 
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All figures x 41 

Hindeodella brevis Branson and Yehl 1934. 

Fig.1 

Fig.2 

65/6/MG144, outer lateral view. 

66/1GB19, outer lateral view 

Hindeodella germana Holmes 1928. 

Fig.3 66/2/MG133, inner lateral view showing anterior 

bar and part of the pos terior bar. 

Fig.5 66/3/MG155, inner lateral view. 

Hindeodella hamatilis sp.nov. 

Figs. 4 and 7 Type specimen, 51/5/MG132, outer and inner lateral 

views. 

Figs.6,8 and 9. 51/4.lGB111, inner and outer lateral views and 

oral view, the latter showing the inward curvature 

of the anterior bar. 

Hindeodella ibergensis Bischoff 1957 

Fig.10 66/5/GB113, inner lateral view. 

Fig.11 66/4/GB111, inner lateral view showing pronounced 

aboral curvature of anterior bar. 

Hindeodella undata Branson and Mehl 1941 

Figs.12 and 13 69/6/MG132, oral and lateral views. 

Fig.14 70/1/MG132, oral view showing orientation of 

the major and minor denticles. 

Hindeodus sp.B 

Fig.15 

Hindeodus sp.A. 

Fig.16 

5~~MF190, inner lateral view. 

52/1/MG259, inner lateral view, basal pit visible. 
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All Figures x 41 

Lambdagnathus macrodentata Higgins 1961 

Figs.1 and 2 64/6/MG132, inner latera.l and a.boral views. 

Lambdagnathus n.sp.A. 

Fig.3 52/3/GB112, inner lateral view. Aboral groove 

visible. 

Lambdagnathus sp.B. 

Figs.4 and 5 52/4.IMG272, inner lateral and oral views. 

Ligonodina tenuis Branson and Mehl 1941 

Figs.6 and 9 70/4/GB117, inner and outer lateral views. 

Note dentiole anterior to the OUsp. 

Ligonodina levis Branson and Mehl 1941 

Figs.7 and 8 70/6/MG131, inner and outer lateral views. 

Note absenoe of dentiole anterior to the ousp. 

Ligonodina. typa (Gunnell 1933) 

Figs.10 and 11. 70/6/GB111, anterior and posterior views of a 

specimen with strong denticulation on the 

inner lateral process. 

Fig.12 71/2/SW186, inner lateral view. 

Ligonodina ultima Clarke 1960 

Figs.12 and 13 62/5/lJG155, outer and inner lateral views. 

Fig.17 63/1/BB216, inner lateral view. 

Ligonodina n.sp.A. 

Figs .15 and 16 53/3/GB117, inner and outer lateral views. 
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All Figures x 41 

YJigonodina of ultima Clarke 1960 

Fig.1 6~3/BB123, inner lateral view. 

Fig.2 6~4/BB202, inner lateral view. 

YJonchodina paraolaviger Rexroad 1958 

Fig.3 61/2/GG217, inner lateral view. 

Lonohodina furnish! Rexroad 1958. 

Figa.lt- and 5 57/6/GB111, inner and outer lateral views. 

Lonohodina n.ap.A. 

Figa.6 and 7 52/6/GB117, inner and outer lateral views. 

Lonohodina paraolarki Haas 1953 

Figs.8 and 11 61/6/YF192, inner and outer lateral views. 

Lonohodina of. proj eota Ulrioh and Bassler 1926. 

Fig.10 61/1/GG216, innorlateral view. 

Magnilaterella reOUrTata (Bisohoff 1957) 

Flg.9 65/5/MG259, inner lateral view of lateral bar. 

Vagnilaterella oompleotons (Clarke 1960) 

Figa.12 and 13 60/2/GB116, outer and inner lateral views. 

Magnilaterella sp.!. 

Flg.14 54.13/MG270, outer lateral view. 
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All Figures x 41 

Magnilaterella robusta Rexroad and Collinson 1963 

Figa.1 and 2 60/4/MG270, outer and inner lateral views. 

Fig.3 60/6/MG272, outer lateral view of lateral bar. 

Magnilaterella alternata ap.nov. 

Figa.4 and 5. Type specimen, 54.11/MG155, inner and outer 

lateral views, showing prominent callus. 

Neoprioniodus oamurus Rexroad 1957 

Fig.6 65/4/MG270, inner lateral view. 

Metalonchodina bidentata (Gunnell 1931) 

Fig.8 62/1/MF191, inner lateral view. 

Fig.9 62/2/MF191, inner lateral view of thickened 

specimen. 

Neoprioniodua variana (Branson and !dehl 1941) 

Fig.7 72/6/GG211, inner lateral view. 

Fig.10 73/1/GB116, inner lateral view. 

Neoprioniodua oonjunotus (Gunnell 1931) 

Fig.11 71/3/MG132, inner lateral view. 

Fig.12 71/41MF191, thickened specimen, inner lateral 

view. 

Neoprioniodua 80i tulu8 (Branson and Mehl 1941) 

Fig.14 7~4.IMG272, inner lateral view. 

Fig.15 7~3/GB107, inner lateral view. 

NeoprionioduB spathatua Higgins 1961. 

Flg.13 55/S/GB108, lnner lateral view of speoimen with 

a denticle on the antiousp. 

1'ig.16 55/4/MG130, inner lateral view. 
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All Figures x 41 

Neoprioniodus singularis (Hass 1953) 

Fig.1 71/6/BB156, inner lateral view. 

Fig.2 71/5/MG259, inner lateral view. 

Neoprioniodus peraoutus (Hinde 1900) 

Fig.3 72/2/GB107, inner lateral view. 

Fig.4 72/1/BB156, inner lateral view. 

New Genus - Rexroad and Collinson 

Fig.5 

Fig.6 

Fig.7 

Fig.10 

73/5/MG276, inner lateral view 

73/4/MG272, inner lateral view 

73/3/Jl.G34, inner lateral view. 

73/2/MG132, inner lateral view. 

Osarkodina adunoa sp.nov. 

Fig.8 

Fig.9 

Type sp~oimen 55/6/GB111, inner lateral view. 

54/4/MG270, inner lateral view of immature speoimen. 

Ozarkodina laevipostioa Rexroad and Collinson 1963 

Figs.11 and 12 63/5/GB111, inner and outer lateral views. 

Ozarkodina sp.A. 

Fig.13 74/1/GB109, inner lateral view. 

Ozarkodina. of. hindei Clarke 1960 

Fig.15 63/3/MG69, inner lateral view. 

Ozarkodina of. laevipostioa Rexroad and Collinson 1963 

Fig.14 64/1/BB204, inner lateral view 

Fig.16 63/6/MG259, inner lateral view 

Ozarkodina sp.B. 

Fig.17 73/6/MG283, Inner lateral view. 

Spathognathodus oristula Youngquist and Miller 1949 

Fig.18 76/3/BB204, inner lateral view. 

Fig.20 76/2/GG226, inner lateral view. 

Spathognathodus of. minutus (Ellison 1941) 

Fig.19 76/6/BB204, outer lateral view. 
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Spa.thognathodus of. minutus (Ellison 1941) 

Fig.1 77/1/~211, outer lateral view. 

Spathognathodus minutus (Ellison 1941) 

Fig.2 

Fig.3 

76/4/MG285, outer lateral view. 

76/5/MG285, outer lateral view. 

Spathognatodus soitulus (Hinde 1900) 

Figs4 and 6 77/2/GB107, outer and inner lateral views. 

Spa.thognathodus sp.A. 

Fig.5 76/1/MG132, outer lateral view. 

Hibbardella apsida sp.nov. 

Type specimen 50/3/BB213 

Fig.7 

Fig.8 

Fig.10 

Fig.11 

Anterior view 

Ora.l view 

Posterior view. 

Oblique a.nterior view. 

Synprioniodina torsenta Stauffer 1940 

Figs.9 and 10 74!4!GB111, inner and oU':er lateral views. 

SUbbryantodus subaequalis Higgins 1961 

Fig.13 74/6/MG259, inner lateral view 

Hibbardella abnormis Branson and Mehl 1940 

Figs. 14 and 15.64/3/MG67, anterior and oblique posterior views. 
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PLATE 10 

All Figures x 41 

Hibbardella fragilis Higgins 1961 

Fig.1 64.12/GB111, lateral view 

Roundya subaeoda (Gunnell 1931) 

Fig.2 7412/MG70, lateral view. 

Fig.3 7413/MG191, posterior view of large thiokened 

torm. 

~ Meatognathus bipluti Higgins 1961 

Fig.4 59/41MG69, ora.l view. 

Figs.5,6 and 7 59/6/MG130, inner lateral, a.boral and oral views. 

Cavusgnathus eouvexa. Rexroad 1957 

Figa.8 and 9 66/6/GG201, inner lateral and oral views. 

Cavusgnathus mlddlehopensis sp.nov. 

Type specimen 67/3/SW181 

Fig.10 

Fig.11 

Fig.12 

inner lateral view. 

oral view 

outer latera~aboral view. 



\ 

PLATE 10 

1 2 3 

5 

4 

6 

• 

7 8 

9 

10 II 12 



'I ::, 
I 

PLATE 11 
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Cavusgnathus navicula (Hinde 1900) 

Fig.1 68/3/MF191, oral view of specimen with oral 

trough in£illed~ 

Fig.2 68/4/BB214, oral view. 

Fig.3 68/5/BB213, inner lateral view showing ]arge 

posterior denticle of blade. 
• 

Cavusgnathus unicornis Youngquist and Miller 1949 

Figs. 5 and 6 68/1/GG211, oral and outer lateral views. 

Fig.7 67/6/GG211, outer lateral view. 

Cavusgnathus/streptognathodus transitions 

Fig.4 

1ig.8 

Fig.9 

Fig.10 

75/3/MF190, oral view 

75/4/MF190, oral view 

75/1/MF190, oral view. 

75/1/MF190, or~lateral view. 

Streptognathodus unicornis Rexroad and Burton 1961 

Fig.11 

Fig.12 

75/6/MF190, oral view. 

75/2/MF190, oral view. 

Gnathodus commutatus (Branson a.nd Mehl 1941) 

Fig.13 56/1/GB113, oral view 

Figs.14 and 15 56/2/GB113, ora.l and a.borE\l views. 
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All Figures Ora.l Views, x 41 

Gnathodus homopunotatu8 Ziegler 1962 

Fig.1 

Fig.2 

Fig.3 

Fig.4 

57/4/GB111 

57/2/GB111 

57/5/GB117 

57/3/GB111 

Gnathodus nodosus Bisohoff var. nodosus 

Fig.5 

J.i'ig.6 

Fig.7 

56/4/BB213 

56/5/BB159 

57/1/BB159 

Gnathodu8 confiXU8 sp.nov. 

Fig.13 

I Fig.14 

Fig.i5 

77/6/Y1191 

Type speoimsn, 78/2/MF191 

61/4/MF192. 
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All Figures Oral Views I x 41 

Gnathodus con:f'ixus sp.nov. 

Fig.1 

Fig.2 

Fig.3 

77/5/JlF191 

78/1/JlF191 

78/3/MP191 

Gnathodus bilineatus (Roundy 1926) 

Fig.4 59/3/BB205 

Fig.5 58/5/MG285 

Fig.6 58/2/GB111 

Fig.7 59/2/BB205 

Fig.8 58/4/MG285 

Fig.9 58/6/8W184-

Fig.10 59/1/8W184-

Fig.13 58/3/GB109. 

Gnathodus girtyt Hass var. sulcatus Higgins 1961 (in manuscript) 

Fig.11 

Fig.12 

Fig.14 

Fig.15 

61/3/MF192 

78/4/MF191 

49/6/GB18 

77/4/MF191 
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All F1gures Gnathodus girty1 Hass var. girtyi, x 41 

F1g.1 

Fig.2 

Oral View:-

F1g.3 

Fig.4 

Fig.5 

Fig.6 

F1g.7 

F1g.8 

F1g.9 

F1g.10 

Fig.11 

Fig.12 

F1g.13 

F1g.14 

F1g.15 

F1g.16 

F1g.17 

79/2/GB109, outer lateral view 

55/3/GB109, outer lateral view. 

55/2/GB109 Form 1 

55/1/GB111 Form 2 

78/5/GB111 Form5 

79/i/GB111 Form5 

78/6/GB111 Form5 

51.l6/GB11 3 Form 9 

54/3/GBi13 Formi0 

80/3/GB117 Formi2 

80/1/GG2i7 Form 12 

79/3/MG130 Form 14 

79/5/00217 Form 16 

80/2/00217 Form 16 

79/4/BB206 Form 18 

79/6/GG217 Form 19 

80/lt/MF19i Form 20 
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