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consisting of the noded outer side of the platform plus the cerina.

Its inner side extends to % to ¥ the length of the platform from the
posterior end end terminates enteriorly 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 Form 5.

The Middle Limestone contains Forms 1,9,10 end 14, all of
which have been described from lower horizons, whilst Form 14 is the
only one present in the Five Yard Limestme.

The Three Yerd Limestone contains 6 types, of which Forms
5 and 14 have already been described, The remaining L are as follows:-

(2) 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 intwo rows of 3, one behind the
other, rerresenting the inner side, cerina 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 ere transversely ridged and of equal size.

(d) Form 19, in which the posterior part of the blade is
greatly thickened to equal the width of the platform into which it merges.

The Underset Limestone contains Forms 5,12,14,18 and 19 end
the Main Limestone Forms 5,12, and 16, all of which have been described
from lower horizons.

The only remaining new forms are those of the llirk Fell Beds,
where the Gnathodus fauna was very distinctive since this is the only
horizon to contain both varieties of G. girtyi end the new species

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

Form 16, has already been described. The 2 remaining forms are &as
follows: -

(2) Form 20, in which the inner side of the platform is very
short and has retreated even further from the posterior mergin of the
unit than the outer side, its place being taken by a single large node

ad Jacent to the carina,
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(b) Form2!, in which the platform is indented at both its
margins at halfits length, the carina is broad end extends to the
posterior margin of the unit.and the ornamentation of both sides of the
rlatform consists of ridges enteriorly and nodes posteriorly.

Gnathodus girtyi thus exhibits the greetest amount of variation

of any single species in this report. G. girtyi sulcatus 1s a distinctive

variety which 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 of Idiopnathodus or Idiognathoides, by the continuedfusion of the

nodes., The single variety G. girtyi girtyi is extremely variable but

1ittle valuecan be seen in further splitting since the various forms are

completely gradational and it would no doubt cause great confusion to

erect further artificial boundaries,

5. A CONSIDERATIQN OF THE NATURAL CONCDONT ASSENMBLAGES WHICH COULD HAVE

GIVEN RISETO THE F(RM GENERA AND SPECIES OF THE YCREDALE SERIES

A consideration of the natural conodont assemblages which
have been described (Schmidt 1934, 1939; Jones 1938; DuBois 1943;
Scott 1934, 1942; Cooper 1945; Rhodes 1952) indicates that two natural

assemblage genera i.e. Westfalicus (Schmidt 193L) and Lewistownella

Scott 1942, could have given rise to a part of the faunes of form genera
and species found in the Yoredale Series.

Schmidt (1934) described a natural essemblage containing the

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

named Gnathodus inteper, 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's assemblage eppears as Westfalicus in the Treatise on Invertebrate
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Palacontology. Rhodes (1962) expressed the opinion that although it is
difficult tocheck Schmidt's determinations from his figures, the Bryantodus
seems to be Ozarkodina and the Lonchodus blades include Hindeodella and

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

to a small pert of the Yoredale conodont faunas.

Lewistovnella Scott 1942, comprises the following form genera:-

Cavusgnathus, Subbrysntodus, Neoprioniodus and Hindeodella, each of which

have been found in the present study. Unfortunately Subbrysntodus is

very uncanmon and Cavuspnathus is also uncormon in the lower half of the

succession. It therefore seems likely that although Lewistownella could

have contributed to the Yoredale conodont 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 completely
absent in the Yoredale Series, plus a predominance o Lonchodus, of which

only occasional fragments have been recognised. Scottognathus typica

(Rhodes 1952) conteins Idiognathodus, which is also absent, plus a

predominance of Streptopnathodus, which has onlyleen found, atypically

developed, in the Mirk Fell Beds. The latter form genus was also an
importent constituent of the Pennsylvanlen natural assemblege described

by DuBois (1943). Duboiselle typica Rhodes 1952, could possibly have

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

it includes lletalonchodina, which 1s restricted to the llirk Fell Beds.

Lochriea Scott 1942, contains the formgenera Spathornathodus, Neoprioniodus

and Hindeodella each of which are present in the Yordale 3eries 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 impartance,

if present, is unknown since they were by no means the only contributars
end may only heve been of minor importence. The majority of the form
genera and species of conodmts present in the Yoredale Series thercfore

probably criginated from an as yet unknown natural assemblage.
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6., CQOICLUSIONS TO THE PALAEONTCLOGY OF YOREDALE CANADCNTS

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 specimens available. About 9,000
specimens have been obtained from 11 limestmes and their lateral
equivalents, plus the Mirk 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 forms were described for the
first time in the present report and are listed below:-

Apatognathus? chaulioda

Apatognathus? cuspidata

Apatognathus? librata
Apatognathus? petila

Apatopnathus? scalena

Cavuagnathus middlehopenais

Gnathodus confixus

Gnathodus nodosus radiolus

Hibbardella apsida

Hindeodella hamatilis

Hindeodus sp. 4.
Hindeodus sp. B.

Lambdagnathus n.sp. A.

Lambdagnathus sp. B.

Ligonodina n.sp.A.

Lonchodina n.sp.A.

Lonchodina sp.B,
Hagnilaterella alternata

Magnilaterella sp.A.

Ozarkodina adunca
Ozarkodina sp. A.

Ozarkodina sp. B.

Spathogmathodus sp. A.

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

4

The majority of the Yoredale conodont faunas have been dominated
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by the genus Gnathodus, which inindividual samples may comprise over 6075
of the whole feuna end in individual limestones may be 50% G. girtyl

seemed to beer a sympathetic relationship to the Gnathodus commutatus/

nodosus/homopunctatus series of forms, for whilst the former 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 conodont 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, representing 10-15% of
the individual faunas, although occasional small faunas contained a
much greater propartion.

Other important genera, as far as numbers of individuals and

species ere concerned, were Neoprioniodus, Liponodina, Spathognathodus

and Hindeodella. The latter genus is undoubtedly underestimated in a
study of this soart since its remains are so often fragmentary that most
are probably lost in the preparation 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 U4 times
as abundant as each of the other components in a number of the natural
assemblages discussed earlier, including Weastfalicus,

Another very interesting feature of Yoredale conodont faunas

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

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

referred to Lonchadina, Ligonodina or simply New Genus., It was only in

1963 that Rexroad and Collinson were able to desecribe 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 Magnilaterella with Apatopnathus? bears a striking resem-

blance to the faunas of the St. Louis Formation, described by Rexroad
and Collinson (1963).

The presence of Streptosnathodus in the Mirk Fell Beds has had
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a2 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 unicornis to an admittedly atypical

Streptognathodus unicornis. The latter is atypical in the short length

of its blade but this structure is definitely centrally placed, as

opposed to the lateral position in Cavusgnathus, It is therefore

considered that all the Yoredale representatives of Streptopnathodus

originated from Cavusgnathus. It is also possible, however, that later

forms originated from Gnathodus girtyi sulcatus. The latter appears

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

Fell Beds end differs from Gnathodus girtvi pirtyi mainly in the partial

or complete degeneration of the carina into discrete nodes. A continued
degeneration of the central structure in this way would result in a
platformed conodont, with a central sulcus, lateral ornementation and

e central blede i.e. Streptognathodus.

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

conodont faunas of the form genera and species. These could not,
however, have been the only natural assemblages involved for several
reasons. Firstly, the genus Gnathodus is much more common 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.

Gnathodus : Ozarkodina : Synprioniodina
Westfalicus 1 : 1 : 1
Yoredale Series 194 : 9 : 1

Other form genera present in both natural assembleges and
the Yaredale Series may be very rare in the latter e.g. the form genus

Subbryantodus of Tewistownella.

In addition 9 of the 22 genera present in the Yoredale Series
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have never been described from a natural assemblagse. Included in this

category is Apatognathus?, the second most common genus of the study.

It is therefors considered that at least ons, probably several,
unknown natural assemblage genera have contributed to the Yoredalse
conodont faunas and that their most important constituents must have been

the form genera Gnathodus, Apatopgnathud?} 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, The Coral/Brachiopod zonal scheme has been
relatively unsuccessful because of the insensitivity of the latter 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 Junetion,
it was the Girvanella Band, which coincides with this junction, which
was the important marker horizon. The Goniatite zonal scheme, of prime
importance in other regions, is of 1ittlé "working value" in the Yoredale
Series because of the extreme rarity of these fossils and the poor state
of preservation of those which are found.

The importance of conodonts in the Yoredale Series may
therefore be judged in the light of the absence of an accurate or readily
applicable zonal scheme and also in the light of the preseﬂt chapter,

It has already been seen (Chapter Three) that conodonts are abundant in
these beds and exhibit a wide degree of variation, both within specifioc
horizons and from one horizon to another. 1In a series of variable
strata such as those of the Yoredale 3eries, where many different
environments from fully marine to terrestrial are represented, it is
inevitable that any zonal scheme would have to concentrate on certain
specific horizons from each cyclothem and would not be based upon the
findings from the whole of the succession of strata, The conodont
animal is considered to have beén virtually, if not completely restricted
to & 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 dominent litholoyy of each
cyclothem and calcareous shale, which is in almost all cases present.

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

base of each cyclothem plus the shales and ironstones of the Mirk Fell
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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
specimens in the limestones. Since that time only the limestones have
been studied, with the exception 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 each cyclothem unless otherwise stated.

Providing fossils are present in a series of beds, it is
their distribution through those beds which is most important to
stratigraphy, The present chapter discusses the various aspects of
conodont distribution within the Yoredale Series and summarises the major
factors influencing this distribution. Also included is a short

sunmary of the associated microfaunas encountered in this study.

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 cases been digested
in acid. At certain horizons 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 record of the number of conodonts obtained from each
limestone sample has illustrated a remarkable constancy in pattern of
distribution of these fossils through the individual limestones.
Reference to text fig.(23) however indicates that this pattern may be
complicated by several factors, A description of the distribution of
conodonts through each of the individual limestones follows.

(a) Hawes Limestone:-

Only the upper 30ft. of the Hawes Limestone has been
sampled in the present study. This limestone contained only small
faunas of conodonts, the thrae lowest samples ylelding only 7 specimens,
but the number of conodonts per sample increased upwards and reached a

meximum of 42 in the sample from 5ft. below the top bedding-plane,
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FProm this position there was a decrease to the top of the limestone, which
was barren.
(b) Hardraw Scar Limestone:-

The pattern of distribution in the Hardraw Scar
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 sbundance (22 specimens) at 10ft. below the
top bedding plane and a decrease to the top of the bed, which contained
12 specimens,

(¢) Scar Limestone:-

Only the upper 10ft of.the Scar Limestone was sampled
but the 3 samples available indicated that the conodont distribution in
this bed was almost identical to that of the Hawes Iimestone, with a
maximum concentration of conodonts at a position 5ft. below the barren
top of the bed.

(8) Great Limestone:-

The Great Limestone (23ft. thick) of Borrowdale Beok
contained much larger faunas than those so far described but their
distribution was fairly typical, The basal sample contalned 12 conodonts,
the next samples (18, 13 and 10ft. below the top) varied between 25
and 30 specimens, the maximum conocentration at 8ft. contained a sudden
increase to 350 specimens and from this point the deoline in numbers to
the top bedding plane was interrupted only by the sample from Lft. below
the top, which contalned rather fewer conodonts than might have been
expected. (46 specimens as opposed to 69 in the top bedding plane).

(e) Four Fathom Limestone:-

Only the upper 7ft. of the Four Fathom Limestone was
sampled from Borrowdale Beck but the 6 samples collected from this
thickness 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 1ft. below the top of the bed but there was nevertheless

an appreciable decline in numbers to the top, which contained only 23

specimens,
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(f) 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 33ft. 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 alrcady
described and the maximum concentration of conodonts (34 specimens)
occurred at 3ft. below the top of this massive unit, with a decrease
upwards and downwards.

(g) Gayle ﬁ&mestone:-

The Gayle Limestone was especlally 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 very pronounced and thirdly, the limestonoc was sampled at
1£%t. intervals throughout its thickness so that the distribution of
conodonts could be accurately studied. The close sampling has resulted
in slight irregularities in the concentration of conodonts being
apparent but the general pattern conforms with that already described,
The only irregularity is an interruption in the distributlion at the
horizon of the shale band. From the base the faunas become gradusally
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 & rapid increase in numbers and tﬂe 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 bedding plane, which
may or may not be barren. Interruptions in the litholouy gave 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 locelities, appeared
as an extension of the trend already described in the Four Fathom Limestone,
where the maximum concentration of conodonts was only 1ft. 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 decrease downwards to the barren base, In the Swaledale
locality 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
contained 950 specimens, the highest concentration of the whole study.
(1) sSimonstone Limestone:-

The only other limestone which possibly showed this
" trend was the Simonstone Limestone. This limostone contains two thin
shale bands but they occur in its lower half where the concentration
of conodonts was low and their effect was neglible. The upper part of
the limestone contained moderately large faunas with a maximum concentrationi
of 111 specimens at 1ft, below the top bedding plans. In contrast to |
the Four Fathom Limestone, however, the Simonstone Limestone exhibits no
rapid decrease to the top of the bed, from which 107 speoimens were obtained. -

(J) Middle Limestone:-

The Middle Limestone contained in its 37ft. the most
complicated conodont distribution of any limestone studied. The
limestone itself is divided into 3 units by two thin calcareous shale
bands each 1ft. thick and occurring at 7 and 21ft. below the top of the
limestone., Practically the whole of the limestone has been sampled at

1£t, intervals so the pattern of distribution f@escribed is the actual

& e,

distribution and has not been deduced from wider interval 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
contdining Only 2 specimens and the remaining samples up to and 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 maximun concentration of 196 specimens at the top bedding plane,

The distribution of the conodonts through this limestone was
therefore strongly influenced by the division into 3 limestone units,
each of which haed 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
samples from its upper part could not be digested, the Main Limestone of
Swaledale, in which the same problem was encountered in 3 samples and
the digestion of a number of others was only partly successful, the Irm
Post Limestone, which was highly siliceous and yielded a total of only
10 specimens, the Little Limestone, from which only cne sample was taken
and the Crow Limestone, which' wes again too siliceous to be digested.
The sampled horizons from the lMirk 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 concentrations could hardly be made
between different lithologies.
' (k) Conclusions:-
A number of interesting facts have thus emerged from
the foregoing discussion.

(1) All the limestones from which samples have been digested
contained conodonts.

(ii) These conodmnts are not randomly distributed through
each limestone but occur in a distribution pattern which is repeated,
with certain modifications, in all the limcstones described above.

(111) With the exception of the Middle Limestone, the lower
4 of each 1imes.tone contains the lowest concentration of conodents, the
upper ¥ the greatest concentration end 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 feunas 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 e direct comperison cannot be made with the Main Limestone
of Swaledale (68ft. thick) but there are indications that the faunas fram
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 ere almost bound to contain a larger number of
species than small faunas but any species present at the horizon of
maximum abundence is liable to be present at any other harizon in that
limestone. -

(vi) A comparison of the distribution pattorns exhibited
by these limestones may give some indications of the paleeogeography of
the Yoredele Limestones. This is especlally the case when comparing
the Geyle and Middle Limestones. The former is divided into 2 units by
a calcareous shale band and the latter into 3 units by 2 shale bands,
The contrast is in the conodt distribution. In the Gayle Limeatone
the shale bend interrupts the pattern of conodont distribution but does
not greatly affect its form. In the Middle 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 maximum abundance and in effect behaves as
a single separate limestone. This contrast is importent when it is
remembered that the Gayle (=Smiddy) Limestone remains as a single limestone
over the whole of its outcrop area but the liddle Limestone splits
northward into the Single Post, Cockle Shell and Scar Limestones, in
ascending order, each of which has its associated cyclothem of clastic
sediments, It is therefore suggested that the berren 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 end Scar ILimestones on the Alston Block. The horizen of
maximum concentration in this way acts as a "time-plane™ thus making a
direct correlation possible between complete and split limestones merely
by recording the abundence of conodonts. This is substantiated by the
lack of a double peak in the Gayle Limestone, which closely resembles
the 1Middle Limestone in Wensleydale, but does not split northwards.

(1) Possible Causes of the Distribution Fattern:-

It was probably the interaction of several different
factors which produced the distribution patterns of conodants described
above, One importent factor was probably 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 rapid deposition end large faunas periods
of slow deposition. The difference between lerge feunas of some
limestones and the small faunas of others, however, must reflect fluctua-
tions in ebsolute conodont ebundance from one time to another. Thers
must also have been other influences, For instance, the barren limestone
beneath the lower shale band of the 1fiddle 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 Middle Limestone in
being very fine grained, dark coloured, compact and lacks even the sbundent
crinoid remeins 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 barrén, in spite of the fact that the
limestone ebove and below may contain conodonts. This appears to be a
reculiarity 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 mare prolific faunas then the limestomes., One
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possiblecause 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 of non-marine origin.

3. THE ASSOCIATED MICROFAUNAS AND CQUPOSITICN OF RESIDUES OF THE

YOREDALE LIMEST ONES

The following discussion refers to that microfauna which has
been recaorded from the conodont fraction of the samples of Yoredale
Limestone and as such probably only represents a small part of the carplete
microfauna. The reasons for this are that the techniques employed far
extracting conodonts destroy the calcareous organisms and pert of the
micrcfauna is bound to be lost on the 20 mesh sieve or by passing through
the 100 mesh sieve. The only fossils to be unaffected by the action of |
the acid were fish remains, scolecodonts, sponge spicules, conodonts and
eny others which hed been replaced by iron pyrites. Fortunately however,

the calcareous fossils were often the last of the celcareous pert of the

PRI S o obaret 5y

sample to be destroyed end their pertly digested remains are common in

the conodont residue,

The microfeuna found in association with the conodonts in
the Yoredale Series was very varied, both in the variety of forms present
end also in ectual sbundence. A record of the whole microfauna wes
not made for every sample studied but a sufficient number of samples were
recarded to enable a broad outline of the variety and distribution to be
made. 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 identifications of the various fossils concerned.
4 brief summary of the various elements of the microfauna is as follows.

(2) Pish Remains

Fish remains were very abundant at certain horizons

and were somestimes the dominant element of the associated microfeuna, The

most distinctive fossils under this heading and usually also the most
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D. PERCENTAGE INSOLUBLES (IN HCI) IN THE CAYLE LIMESTONE SAMPLES

Fig 18 illustrating the Distribution of Conodonts, Fish-Teeth and

- Scolecodonts  through the Cayle Limestone compared with the

Relative "Purity” of the Limestone at each Horzon. A uniform

vertical scale is used in each case and the fiqures represent

the depth of samples below the top bedding plane.  The

horizonfal scale of A, B & C is wiform ond scaled in number
of specimens.
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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 humbers 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 wers both found
in many samples, .each could be abundant without the presence 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 particular horizon. Reference to text-fig., (48)
indicates that in the Gayle Limestone, the fish-teeth were, liko the
conodonts, most common in the upper part of the limestone but rather
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 scales or plates, such 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 because
of their association and appearancse. These remains were naturally
found in association with the fish-teeth but the absolute abundance of
the various elements concerned varied greatly. The greatest veristy of
fish remains was found in the middle unit of the Middle Limestone, whore
at least four kinds of scales werse present along with numerous other
unidentified remains assumed to be those of fish, Finally thore were
at several horizons, extremely erratically distributed, small, black,
smooth, ovoid coprolites of unknown origin but included with the fish
remains as belng their most likely source.

(v) Scolecodonts

Worm jaws, or scolecodonts, are known from most
geological systems and show a relatively small amount of variation from
Cambrian to Recent Times. The specimens found in the Yoredale Series

were mainly confined to the Gayle Limestone, from which 135 specimens
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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,

(¢) 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.85 from the base of the Three Yard Limestono) and
secondly they were occasionally present in great abundance, Four main
forms were recognised and these did not appear to beregularly distributed
since certain horizons seemed to he characterised by certain 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 certain
horizons in the Five Yard Limestone. The most abundant form however,
which was found throughout the succession of limestones up to and
including the Great Limestone, was an irregular, tubular form, of the
"Tolypammina-type". This form was very abundant at certain horizons
in the Gayle and Middle Limestones. The third form, which was of'ten
found in association with the second, although usually in smaller numbers,
was a spherical form, with a varying number of tubular splnes, of the
"Astrorhiza-type". This latter form was found throughout most of the
succession but appeared to be most sbundant 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 of'ten being preceded and followed by samples in which they

were absent. The 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 bearing closely or widely
spaced autopores of various shapes and sizes, arranged in diagonal rows.

(e) Sponge Spicules

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 large
nunbers of spicules, primarily triaxons of various sorts but tetraxons
were also present. Since these fossils have been found in two of the
limestones which were closely sampled, it appears that they are present
at restricted horizons and may well be present in some of the other
limestones which were sampled at wider intervals,

(f) Ostracods

0f the remaining microfossils encountered in this
study the most important were the Ostracods. These fossils, although
often present, were usually represented by small numbers of specimens
and it is probable 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
concentration of Ostracods was 50 specimens from Sample S.W.73 of the
Five Yard Limestone of Weardals,

The only other microfossils present in the conodont residues
were the spat of Gastropods and lLamellibranchs,
Replacement by iron pyrites has been an important process

in the preservation of the calcareous microfauna of the Yoredale Serics
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and the foregoing paragraphs are evidence that a large amount of this
replacement has taken place. Pyritised fossils are conmon 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 decaying
organic matter and from sea-water. In the Yoredale Series the replace=-
ment has, in the majority of cases, preserved the detailed structure of
the unit, but occasionally, fossils may be replaced by clusters of pyrite
spheres or cubes. Sometimes tho spheres themselves are made up of
clusters of even smaller spheres.

In view of the different techniques employed for the
extraction of the various microfossils in a sample, it is not surprising
that the conodont distribution shows much more regularity than any of
the other forms described. The extent to which this contrast is merely
apparent or actual is not known. Text-fig., (18) is a group of histogranms,
all of the Gayle Limestone, illustrating the distribution of the conodonts
compared with that of the "Icthyodus" fish teeth, Scolecodonts and the
percentage soluble and insoluble in HCl, in each limestone sample.

Other groups of microfossils have not been included since thoir distri-
bution would be greatly affected by the dlgestion process of the acetio
acid, Text-fig. (18 4indicates that the Gayle Limestone is very pure
and contains up to 99% of soluble in HC1 and that the 3 most impure
horizons are the top and bottom bedding planes and the sample from Sft
below the top, which 1s the sample immediately below the shale hand.

The conodonts are therefore most common in the purest limestones but
superimposed upon this there is some second influence which causes the
conodonts to be much mare abundant in the pure limestons in the upper part
of the bed than in the pure limestone in the lower part of the bed.

"Icthyodus™ does not appear to huve been subject to this
second influence to the same extent, since although it is most abundant
near the top of the Gayle Limestone, it is an iﬁportant fossil in the
lower 6ft of the bed, where conodonts are uncommon, 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 considerably in numbers in the

remaining samples,
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Scolecodonts 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 restricted to the horizons which contained very little
terrigenous material, Sample GB15, beneath the shale band, was the
most barren sample of the Gayle Limestone and contained only 3 Ostracods
and 15 Bryozoa.

The iron pyrites was separated from the concdant fraction
from a number of Gayle Limestone samples, by means of Bromoform,

This mineral was present, when not »eplacing calcareous fossils, mainly
as masses of minute cubes but pyrite spheres were also falrly common,
The amount of iron pyrites in the conodont fraction, varied between

0:5 and 3+0 gms. and seemed to bear little or no relation to the
distribution of the microfossils, in particular the conodonts. This
would not however be a true representation of the amount of pyrite in

each sample since the bulk of this mineral, in the f'orm of single cubes,

would be lost through the 100 mesh sieve.

The actual residues consisted primarily of clay minerals,
occasional quartz grains, undigested calcite, and iron pyrites, plus
occasional uncommon minerals such as Glauconite., The quartz grains
were usually fairly well rounded, but the residue from one sample in
the Hardraw Scar Limestone (MG35) was composed chiefly of masses of

radiating euhedral quartz crystals.

L. MAJOR FACTORS INBLUENCING THE DISTRIBUTION OF CONODONTS IN THE

YOREDALE SERIES

The following section of this thesis consists of a discussion
of some of the general characteristics of conodont distribution plus
e discussion of the characteristics displayed in particular by the
conodonts of the Yoredale Series. A comparison of these characteristios
indicate that the Yoredale conodonts are somewhat unique and a discus-

sion of the factors which are considered to have afiected their distribu-
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tion is given. Several of these factors are outlined in various other
sections of this report.

(a) BSome Characteristics of Conodont Distribution

As yet there has been no direct evidence discovered
indicating the form or habit of the conodont 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 Cretaceous
strata, The very wide distribution of these fossils, plus the simul-
taneous appearance of new forms in various parts of the world indicate
that the conodontifer was certainly not benthonlic but it is not knowm
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 conodontifer
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 marine and as such 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 were
common to both shale and limestone, The 2 species found only in the
shale were each represented by less than 4 specimens and he considered
the 4 species found only in the limestone to reflect the method of
sampling rather than environmental factors. For many years shales and
calcareous sandstones were considered capable of producing the most
prolific faunas but nowadays limestones, particularly 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 content was practically identical.

- In view of the lack of direct evidence about the conodont
animal, a consideration of the associated fauna has been an important
aspect in the study of conodonts, as an indication of the environments
which they preferred. Conodonts are commonly found in association with

Cephalopods, Ostracods and Fish remains and are rarely found associated



- 202 -

with Corals, Brachiopods and Crinoids. It must be remembered, however,
that the distribution of conodonts is very wide and the above statemsnt
is a broad genq;alisation. Conodonts have also been found, sometimes
abundantly, in black fissile shales, which lack any associated fauna and
which, according to Rhodes (1954) may represent lagoonal conditions,

(b) Some Characteristics 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 direct evidence
available as to the relative proportions and abundances of the various
form genera and species involved. The associaeted fauna is also somewhat
unorthodox, since the conodonts are not associated with Cephalopods,
except in the Mirk Fell Beds but are associated, in addition to the
microfauna described earlier, with Corals, Brachiopods and Crinoids.

As has already been seen, conodonts are most abundant in the purer
horizons of the limestones, horizons which are typioally crinoldal and
contain a Coral/Brachiopod fauna, Certain horizons in tho Gayle end
Middle Limestones, contain abundant Corals and Brachiopods.

The lithology is also an important consideration in the
Yoredale Serdes, The only shales which received a detailed examination
were the Mirk Fell 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 Serles, conodont distribution
is strongly influenced by lithology and is therefore contrary to the
results given by Rexroad (1958) and the opinions of several authors.
On a smaller scale, Yoredale conodonts appear to have been influenced
to some agxtent by changes in lithology within a limestone. For instance,
sof't impure limestones are usually only poorly productive, pure crystalline,
crinoidal limestones are strongly productive and dark compact limestones
are in general barren. These differences in lithology must retlect
differences 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. 'The

genus \patognathus?, in particular, appears to have been actually

restricted to the type of environment represented by the Yoredale
Limestones during the Carboniferous FPeriod.

(¢) Factors affecting Conodont Distribution in the Yoredale

There are two main considerations involved in a
study of this sort, i.e. the distribution of genera, species and numbers
of individuals through the succession and also their distribution throu;h
individual beds. Toth were probably influenced by the same factors,
although the overall effect may have differed in each case.

(1) Changes in Environment:-

Variations in the speed of accumulation may have
been important in producling the large faunas of a number of the thinner
limestones compared with the relatively smaller faunas of a number of
the thicker limestones. Thus on the assumption that the conodontifer
was of fairly uniform abundence through time (which is undoubtedly an
erroneous assumption), a limestone which is ¥ the thickneas of its
lateral equivalent should in theory contein three times the concentration
of conodonts. Unfortunately a direct comparison of this nature has
not been possible in the present study, since although there should have
been opportunity to compare the Great Iimestorg which is 23ft. thick
and contains large faunas, with the Main Limestone, which is 68i't. thick,
the figures for the number of conodonts in the latter limestone are not
complete. It speed of accumulation was the only factor involved in
the varying size of conodont faunas, then it would be assumed that not
only were there great fluctuations in the speed of accumulation 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 upwards, to be
at its slowest at some point in the uppef 1 of the bed, from where it
would increase once more to the top of the bed. It this wus the only

factor involved, the whole fauna might tend to show its effect and this

18 not the case. Therefore, although the speed of accumulation
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of the limestones undoubtedly fluctuated and this is bound to be
reflected in the conodont distribution, its overull effect is considered
to have been small,

It is unlikely that speed of' accumulation coula 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, There is a change in lithology at this horizon but
possibly the most important control was salinity. As has already
been explained, about 5ft. of dark limestone plus the 1ft. of shale at
this horizon in the liiddle T.imestone are considered to represent up to
100ft. of beds on the Alston flock, consisting of shales, siltstones,
sandstones and possibly also seat-earth and coal. ''he delta was there-
t'ore not far to the north of Wensleydale after the deposition of the
Single Post Limestone (= lower unit of the Middle Limestone) and
although very little terrigenous material reached this area, it is
possible thét the non-marine nfluence of the delta did eitana to this
region resulting in the extinction of the marine fauna., An over-
whelming of the delta and the beginning of' limestone deposition in the
north would result in the return of more "normal" limestone conditions
in vwensleydale, accompanied by the return of the conodont animal.

(ii) Transgression 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 abundance oif 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 concentration of conodonts somewhere near the top.
It would therefore be possible, by tracing the "time-planes" laterally,
to determine gracual changes in environment and possibly also the amount
of erosion, it any, which had taken placse.

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

This has undoubtedly been an important factor in

the distribution of conodonts, Ignoring their distribution through
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individual beds, this could have been a major factor in the Hardraw

Scar Limestone, for instance, which is characterised by small faunas,

Pgy
5
3
b
u
3
E
¢
*
i
]
-
i
I

;

whereas the Underset Limestone, which is only 2ft. thinner, has obviously
larger faunas even though their full extent is not known, Variations

in original abundance could also have been an important factor in
producing the distribution pattern seen in individual beds, Conodonts
would come into the area with the marine conditions 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 conditions became more

favourable for conodonts, their numbers would increase. At the same

time, the rate of deposition of the limestone would decrease thus |
exaggerating the concentration of the conodonts, Before limestone ;é
deposition ceased, the effects of the oncoming delta would be felt, the
amount of terrigenous material would increase causing an inocrease in i
the rate of deposition and the conodonts would deorease in numbers as
they migrated southwards, The factor which firat caused the deocline in
numbers of the conodonts is unknown, since this decline often began
before there was any real deterioration in the purity of the limestone,

(iv) Evolution of Genera and Species:- 5

This is a factor which must have been of prime

importance in the distribution of conodonts through the Yoredale Series
but it is considered in detail elsewhere in this report and need be
considered no further at this stage.

(v) Post-Depositional Effects:-

Thers are & number of other effects, of only minor

importance in the present discussion, which could have affected the |
present distribution of conodonts,

Differential Compaction is usually an important consideration
but in this study the majority of samples have been of limestone and
there has been no direct comparison between limestone and shale except
to point out that the shale bands in the limestones were barren, This

18 all the more surprising since the shale has undoubtedly been compacted
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to a much greater extent than the limestone end would therefare contain
an increased concentration of conodonts, were they present, due to this
fact.

Another factor which has probebly caused a certein amount
of exrror is that the beds were not randomly sampled.

Finally, although all the ssmples were of standard weight,
the volume of limestone involved would vary slightly since specific
gravity was not taken into consideratiom. Once again however, the
only lithology to be directly involved was limestone 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
complicated set of influences is probebly the very wide range of envir-
onments represented in the Yoredale Serles, from marine to terrestrial,
all of which, except the terrestrial environment, represent shallow
water, where changes in conditions are swift and the influences of large

rivers and deltas strong.

5. THE DISTRIBUTICON OF CONCDQONTS THROUGH THE YCREDALE SERIES

Reference to Chapter Three indicates that there asre a

large number of genera, species and varieties of conodonts in the Yoredale
Series. Unlike a fully marine successiocn where faunal zones are deduced
from evidence of the varied and overlapping ranges of individual species

from the whole succession, conodonts wore obteined only from the
limestones and the Mirk Fell Beds of the Yoredale Series, These horizens
are each separated by a varied series of rocks whose totsl thickness
exceeds that of each productive horizon and which were deposited under
very different environments. The conodent distribution to be described

is therefore the distribution of species through the succession of
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limestones and the Mirk Fell Beds rather than through the camplete
succession. These productive horizons are therefore described indivi-
dually and complete femnal lists are given in the appendix,

(a) The Conodont Fauna of the Hawes ILimestone

This limestone was characterised by small faunas,
representing 13 species and 2 varieties from 7 genera. The dominant
genus was Gnathodus, which represented 2% of the total number of speci-
mens from the limestone. The most common species of this genus was

G, _commutatus, followed by G. girtyi girtvi end G. haomopunctatus which

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

were uncommone.

The genus Apatosnathus? was also an important constituent end

comprised the two species A? chaulioda end A? gemina of which the latter

was twice as common as the former.
The remaining forms were present in smaller numbers.

TL.onchodina sp.B,‘_Ii:Lndeodella brevis and H. iberpensis were each in faot

represented by only a single specimen, Only 7 specimens of Hindecodella

were specifically identified but the genus was Frobably much mare sbundant

than this number suggests since 27 of the unidentified specimens from

this limestone belonged to either Hindeodella or Anpulodus, It is

therefore possible that Hindeodella might have been the most comam genus
in the Hawes Limestone faunas., If this were so H. undata would have
been relatively less important than the identified specimens suggest
since its distinctive marphology has enabled it to be identified even
in a fragmentary state.

The more important aspects of the Hawes Limestone conodont
faunas are shown on page (219).

(b) The Conodont Fauna of the Gayle Limestone

Five of the concdont faunas obtained from this
limestone erceeded the largest Hawes Limestone fauna and ranged up to
182 specimens per sample, The range in forms was also very much wider
since no species had disappeared (although Lonchodina sp.B and Gnathodus

girtyi suleatus have only a conjectured range through this limestone)
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between the Hawes and Gayle Limestones and the fauna of the former was
joined by 31 species which appear in the Gayle Limestone for the first
time, The complete conodont fauna of the Geyle Limestone was therefore
very varied and consisted of 43 species from 17 genera. The fauna was
not however so greatly different from thet of the Hawes Limestone alnce
13 species were each represented by only a single specimen from 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 Gnathodus,
which comprised 26% of the total number of specimens end 41% of the
identified specimens. The most important species, however, was G, girtyi
(ver girtyi) which made up§of the total number of apecimens for this
genus, Most of the remaining specimens were divided roughly equally

between G. commutatus and G. homopunctatua since G. dilineatus and

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

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

in the Gayle Limestone was Apatoonathus?, representing 12745 of the total

number of specimens. A? gemina and A? chaulioda 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 L species of Neoprioniodus appeared in the Gayle

Limestone for the first time, N. singularis was still the most importent

species end comprised mare than half the total specimens for the genus,

Spathognathodus scitulus hed also become an important accesaory form and

was found in 10 samples at a maximum of 5 specimens per sample.

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

of identifiable specimens which consisted mainly of H. ibergensis,

The dominant elements of the Gayle Limestone fauna were therefore

forms which had alreedy appeared in the Hawes Limestone. It is thus
possible in view of the small number of faunas studied fram the latter
limestone, plus their small size, that many of the species which first

appeared in the Gayle Limestone may have been present in the Hawes
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Limestone, particularly the uncommon species.

(¢) The Conodont Fauna of the HardrewScar Limestone

The Hardraw Scar Limestone was characterised by very
small conodont feunas which yielded only 9 species from 6 genera. This
was in spite of the fact that the only species present in the Gayle
Limestone which was not found higher in the succession was Lonchodina up.A |,
37 of the Gayle Limestone species were thus given conjJectured ranges
passing through the Hardraw Scar Limestone. The 9 species obtained from

the latter included Spathognathodus cristila, which first appeared at

this horizon end was definitely not present in the much lerger faunas of
the Gayle Limestone below.

The Hardraw Scer Limestone faunas thus differed in many
respects from those of the Gayle and Hawes Limestones, Apart

from the drastic reduction in numbers and the appearance of Spathosnathodus

cristula the dominant genus was Apatosnathus? and not Gnathodus,.

A? chaulioda was ebsent but A? gemina was still the most important species,

representing more than 507% of the genus. Only two species of Gnathodus

were present, of which the most common wes G. commutatus end only 2

specimens of G. girtyl girtyi were obtained from the 11 samples spread

over 50ft. of limestone. Neoprioniodus sinpularis end Hindeodella undata

were the only representatives of their respective genera.

(@) The Conodont Faunas of the Simonstone Limestone.

The Simonstone Limestone contained moderately large
conodont faunas consisting of 35 species from 17 genera. Six of these

species first appeared in this limestone whilst Mestopnathus bipluti and

Ozarkodina cf hindei were restricted to this horizon. The former is g

very large, highly distinctive species which is rare in its occurrence
generally but was found in three semples in this limestone 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 a single specimen,

A single specimen of Lonchodina sp. B, only the second for

JU—
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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 specimen
was recorded in the present study, from the Geyle Limestone.
The faunas were once more dominated by the genus Gnathodus,

the most common form being G. girtyi pgirtyi, which was twice as common as

G, _commutatus. Only 3 specimens of G. nodosus nodosus were obtained.

The second most comnon genus was in this case Neoprioniodus,

which comprised 5 species, thus equalling Apatognathus? in variation of

form. N._sinpgularis was still the most common species and represented

1 the total number of specimens for the genus, whilst N. conjunctus was

the least common species and was represented by only 2 specimens from

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? petila,

A? scalena and A? cuspidata, which firat appeered in this limestone, were

relatively uncommon.

Apart from Hindeodella, which was ance mare a fairly common
element of the faunas, tine remaining forms were present in small numbers.

(e) The Conodont Faunas of tho Middle Limeatone

The Middle Limestone contained some large comodont
faunas and these had the widest variation of forms scen in any limestone
of the study., Only 3 species of conodonts had disappeared up to the
Middle Limestone, but 48 had eppeared since the Hawes Limestone. A total
of 50 spec.ies from 18 genera was described from this limestone, including
8 species which appeared in this limestone for the first time. Lambdage-

nathus sp.B, Magnilaterella recurvata and Neoprioniodus camurus, 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 Limostone and was absent

from the much larger faunas of the lower unit of the same limestone. Its
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appearance is therefore considered to coincide with the harizon 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.22)), the most significant of which were Apatosmathus?

pemina, Gnathodus homopunctatus and Hindeodella undata each of which were

major constituents of the faunas in the lower part of the succesaion up
to and including the present limestone.
The faunas of the Middle Limestone were once again dominated

by the genus Gnathodus, with G. girtvi pirtyi the most camon fam. The g

ey g

ratio of abundance of the 4 species of Gnathodus were as followa:=

G-.g’irtxi girtyl : G.nodosus nodosus : G,homopunctatus : G,bilineatus
175 : 1425 : 1

.o

2

G. nodosus nodosus had thus increased considerably in importance fram lower

in the succession,
The Middle Limestone was the only horizon in which Apatognathus?,
second in aebundance after Gnathodus, conteined all 6 species,. A? petila

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

as their nearest rivaels A? cuspidata and A? pemina, whilst almost 4 times

as ebundant as the 2 remaining species,

After Apatosmnathus? in order of abundance were Neoprioniodus,

consisting of 5 species but with over 807 of the specimens represented

by N. singularis and N. peracutus and Spathosmathodus, of which S. scitulus

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

relatively more important than in lower horizons.
These genera were followed by several of about equal abundance,

including Ligonodina, Magnilaterella and Hindeodella, the remaining genera

and species being relatively uncommon.

Therefare, in spite of the wide variety of forms present, the
order of priority of genera was still Gnathodus, Apatognathus? and
Neoprioniodus but with Spathoenathodus fourth for the i"irat time,

The conodont faunas of the Scar Limestone were smaller and



contained no fforms which were not found in the }Middle Limestone.
(f) The Conodont Fauna of the Five Yard Limestone

The Five Yard Limestone contained small conodont
faunas, which were more than usually fragmentary, consisting of only 18
species from 8 genera and therefore showed a drastic reduction from the
large faunas of the Middle Limestaone. 30 species found at lower horizons
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 apecimen
wes obtained, was restricted to the Five Yardl Limestone and no other
species appeared at this horizon for the first time} The proportion of

or

unidentifiasble specimens was 407, rather higher then/most of the limestonos.

The most common genus was Apatopnathus? of which 5 speciesn

were present, representing 325 of the identified specimens, with A? librata
as the most common species,
As in the Hardrew Scar Limestone, Gnathodus had been pushed

into second place but G. girtyl girtyi was still the most common form

present, being twice as cormon a8 G. bilineatus, whilst only a single

specimen of G. nodosus nodosus was obtained fram the whole limestone,

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

conJectured range through the Five Yard Limestone,

Ligonodina (3 species) end Neoprioniodus (2 spacies) were

each sbout % es cammon es Gnathodus, the dominant species being L, ultima

end N. peracutus, Of the remaining genera Spathornathodus was the most

important but all were uncommon.

(g) [The Conodont Fauna of the Three Yard Limestone

The largest single conodont feuna of the whole of
the study was obtained from the Three Yard Limestone in its Swaledale
locality but the Weardale locality was also characterised by very large
feunes. The total number of species recognised from 15 genera was 38,
of which G. girtyi 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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Limestone than there were in the lMiddle Limestone, although the number of
forms with conjectured ranges through the former was 11, as opposed to 7

in the latter.

Only Cavussmathus middlehopensis was restricted to the Three

Yard Limestone and wes in fact only found in one sample. The several
specimens involved were however very distinctive and this species could
represent a useful indicator of horizon,

Loonchodina cf projects, ranging up to the Main Limestone and

I.. paraclarki, of which only 2 specimens were found in the whole of the
study, both first appeared in this limestone. The Three Yard Limestone
represented the highest occurrence of four species (see table page 219),

the most sipgnificant of which were Synprioniodina forsenta, which was the

only species recarded of a fairly distinctive genus, and Hindeodella brevis,
which had probably been more common in the lover part of the succesaion
than the actual figures suégested.

The faunas from the Swaledale and Weardele localities of this
limestone were almost identical and ere considered together in this
summary. '

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

of the Three Yard Limes‘tone were strongly dominated by the genus Gnathodus
which represented 55% of the total number of specimens. Well over 1,000

specimens of G. girtyl pirtyl alome were studied from this limestone but

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

as a whole was L times as abundant as its nearest rival, G._ commutatus,

The latter in twrn, was almost twice as common as G, nodosus nodosus

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

Another contrast between this limestone and those below was

that the second most common genus was Neoprioniodus, which comprised 107%

of the identified fauna and was composed of 3 species, of which N. sinpularis

was much the most abundant and N. scitulus 'was very uncommon.

Neoprioniodus was in fact almost 3 times as cammon as

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

ay e
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species. Once again A? librata was the most common species but for the

first time A? cuspidata was the second most important species, closely

followed by A? petila.
The remaining genera were present in much smaller numbers,

Spathornathodus, ligonodina and Ozarkodina were the most important and

were present in roughly equal numbers,

One interesting feature of the Three Yard Limestone conodont
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, Only 8 specimens of this genus were
identified out of nearly 2,000 and this was not because they were largely
broken since the unidentified specimens coensisted primarily of brcken
gnathodid blades,

(h) The Conodont Fauna of the Underset Limestons.

The Underset (= Four Fathom) Limestone contained a
number of moderately lerge conodont faunes consisting of 11 genera, 34
species and 2 varieties, Four species first appeared -at this hoarizon
and of these only Ligonodina cf ultima wes not restricted to this limestomne.

Probably the most importent of the restricted species was Spathognathodus

cf minutus, which although present in small numbers and closely related

to S. minutus, was a very distinctive form.

The Underset Limestone (= Four Fathom) elso repiesented the
highest occurrence of five species (see table page219),

The make up of the faunas of the Underset and Four Fathom
Limestones was practically identicel and was interesting since it
contrasted in a number of ways with those froam lower in the succession.

Pirstly, aithough the most abundant genus was once again

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

although it was the most common form, since it represented only LO% of

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

abundance of G.bilineatus, which shared second place with G. commutatus.

This was the most prominent position reached by G.bilineatus 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 sulcatus, of which the latter was the

least common,

The second most common genus was ance again Apatognathus?

but unlike its appearances in lower limestones, the 5 species were
fairly uniformly distributed, although A? librata was still slightly
the most common,

Perhaps the most striking contrast with the earlier faunas
was that the third most common genus, representing over 107 of the

identified fauna was Spathognathodus and that within this genus the most

important species was not 3. scitulus, which was found throughout tho
succession and was the most common species of this genus in the lower

limestones but S, minutus, S. cristula and S. cf minutus were present

in only small numbers.

Of the remaining genera the most important were Neoprioniodﬁa

in which Neoprioniodus peracutus had superceded N, singularis as the

most comnon species, Ligonodina, in which J,, levias and 1. tenuis

represented the majority of the specimens and Cavusenathus, which was a

major constituent of the faunas for the first time,
The trend of the gradual disappearance of Hindeodella which
was noticed in the Three Yard Limestone had been carried a stage further

in this limestone and only 2 specimens of H. iberpensis and 1 of

H. hamatilis were recognised.

(1) The Conodont Fauna of the Iron Post T.imestone

Untortunately 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 Acetic

Acid was of much stronger concentration than that normally used but

they included 4 identifiable specimens, 3 of which were Spathognathodus

scitulus and the r'ourth Neoprioniodus singularis.

(§) The Conodont Fauna of the Main Limestone

The fairly small conodont faunas from the Main

Limestone of Swaledale closely agreed with the much larger faunas from

S At oh )



the Great Limestone of Borrowdale Beck, and the following remarks
combine the two localities. 1L genera were recorded, comprising 39

species, of which Gnathodus nodosus and Gnathodus girtyi wach consisted

of two varieties.
Only 3 forms appeared at this horizon for the first time but

these alone rendered the Main Limestone Faunas highly distinctive and

were as follows:- Cavusgnathus navicula

Gnathodus nodosus radiolus

Hibbardella apsida.

The first was the most common speclies of Cavusgnathus and ranged from

the Main Limestone to the top of the sequence. The remaining 2 forms
were restricted to this limestone and are thus exceliont indlcators of

horizon. Gnathodus nodosus radiolus was found in association with

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

narrowly exceeded G. girtyi as the most common in the limestone.

Hibbardella apsida was & distinctive f'orm, although not abundant.

The Main Limestone represented the highest occurrence in
the succession of 23 forms. A drastio change in the conodont tfaunas
therefore took place betwsen the Main Limestone and the Mirk Fell Heds,
Unfortunately the exact horizon of this change, or its exact nature are
unknown since only a very small fauna has been obtained from the Little
Limestone and no conodonts have been obtalned trom the Crow Limestone.

The genus Gnathodus strongly dominated the Main Limestone
taunas once again but unlike the other large faunas of the succession,

the most common species was G. nodosus and not G. glrtyi. Go girtyl

irtyl was however slightly the most common single form since only a

small number of specimens of G. girtyi sulcatus waere obtained. (.

commutatus and G. bilineatus were each as common as (. nodosus radiolus.

The second most common genus was Apatognathus?, which

with Gnathodus comprised 60% of the identified specimens. ‘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 species and

A? scalena the least comnon,
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Neoprioniodus and Spathognathodus then followed, the former

consisting of only two species, N, peracutus and N, singularis in

roughly equal proportions and the latter consisting of 4 specles, of
which S. scitulus comprised 90% of the genus.
Of the remaining genera several occurred in about equal

numbers and included Ligonodina, Ozarkodina, Hindeodella, Cavusgnathus

and Magnilaterella,

(k) The Conodont Fauna of the ILittle Limestone,

Only a single small fauna was obtained from the

Little Limestone and it included single specimens of Cavusgnathus navicula,

Apatognathus? librata and Ligonodina ef, ultima,

(1) The Conodont Fauna of the Mirk Fell Beds,

The fauna of the Mirk Fell Beds was the most distinc-
tive fauna of the study. As already outlined, a great change had
taken place between the Main Limestone and the Mirk Fell Beds, during
which numerous species had disappeared and their places taken by a few
forms which were restricted to this horiron, Of the 44 forms seen in
the Main Limestone or having a conjectured range through it, only 15
extended up into the Mirk Fell Beds where they were joined by the following

species: Geniculatus claviger

Gnathodus canfixus

Hindeodus sp.B.

Metalonchodina bidentata

Streptognathodus unicornis

It is remarkable that 3 of these forms represent genera
which had not been recorded in the whole of the succession below the
Mirk Fell Beds. The fauna of this horizon was therefore very much
different from any so far described.

The Mirk Fell Bed fauna was strongly dominated by the genus
Gnathodus, which comprised 75% of the identified specimens., The most

important element was the new species G. confixus, closely 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. girtyl girtyl itself and these 2 forms represented 95% of the genus,

the remaining 5% being occupied by G. girtyi sulcatus,

Gnathodus was about 12 times more abundant than its nearest

rival, Cavusgnathus, comprising 2 species, of whioch C. navicula was

s8lightly the most common, The third most common genus was Geniculatus,

& readily recognisable form.
This fauna was therefore very different from the more
typical Yoredale faunas below and the ratios of the most important

genera were roughly as follows:-

Gnathodus ; Cavusgnathus : "Geniculatus : Neoprioniodus : ILigonodina’

21 : 175 e 1 : 1 1

The remaining genera were each represented by small numbers

of specimens.,

6. CONCLUSIONS TO THE STRATIGRAPHIC PALAEONTOLOGY

Having established in earlier sections of this thesis that
conodonts are not only present in the Yoredale limestones but are abundant
and ubiquitous in these horizons, which are the most easily recognised
bands of cyclothems, easily extracted and well preserved, it remains
necessary to consider their usefulness. The detailed study which these
fossils have been given has shown them to be useful in at least two
respects, The first is that conodonts have added to the knowledge
of both the Yoredale limestone palaeogeography and the palaesoecology of
the animal. The second respect is that conodonts can be used as a
tool in the recognition, dating and correlatlon of Yoredale horlzons,

(a) Palasogeography and Palasoecologzy

A record of the number of conodonts present in each uniform
sized sample has indicated a gradual inorease in the concentration of
conodonts from the base to a point in the upper ¥ of each bed and from
there a decrease to the top bedding plane, except when the horizon of

maximum abundance is in this position., Caution must be observed in



TABLE ILLUSTRATING THE MOST IMPORTANT FEATURES OF THE CONODONT FAUNAS FROM EACH HORIZON

Other Characteristic
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Donminant genus Restricted Genera
Horizon ani soeoies or S060ies Lowest Occurrence of;:- Highest Occurrence of:~ Species
¥irk Fell |Gnathodus Geniculatus Cavusgnathus navicula
Beds. G. confixus Hindeodus sp.B. C. unicornis
Metalonchodina
Streptognathodus
Main Gnathodus Gnathodus nodosus radiolus Cavusgnathus navicula Ses Appendix Spathognathodus cristula
Limestone |G, nodosus Hibbardella apsida Roundya subacoda
Underset Gnathodus Cavusgnathus convexa Ligonodina cf. ultima Apatognathus? chaulioda Spathognathodus minutus
Limestone |G. girtyi girtyl | Ozarkodina cf. curvata Magnilaterella alternata
Spathognathodus cf. minutus Neoprioniodus scitulus
N. varians
Hibbardella abnormis
Three Gnathodus Cavusgnathus Lonchodina paraclarki Hindeodella brevis Neoprioniodus singularis
Yard G. girtyl girtyi middlehopensis L. cf. projecta Lambdagnathus macrodentata
Limestone QOzarkodina sp.B.
Synprioniodina forsenta
Five Yard |Apatognathus? Ligonodina sp. Gnathodus bilineatus
Limestone |A? librata Ligonodina ultima
Neoprioniodus peracutus .




Middle Gnathodus Lambdagnathus sp.B. Hindeodus sp.A. Angulodus walrathi Apatognathus?-sixspecies
Limestone [G. girtyi girtyli |Magnilaterella recurvata Magnilaterella robusta Apatognathus? gemina Neoprioniodus singularis
Neoprioniodus camurus M. sp.A. Gnathodus homopunctatus N. peracutus
Ozarkodina sp.B. Hindeodella undata Spathognathodus scitulus
Spathognathodus minutus Lambdagnathus n.sp.A.
Ozarkodina laevipostica
Simonstone |Gnathodus Mestognathus bipluti Apatognathus? cuspidata Lonchodina sp.B. Neoprioniodus singularis
Limestone |{G. girtyi glrtyi | Ozarkodina cf. hindei A? scalena Neoprioniodus spathatus
Lambdagnathus macrodentata
Neoprioniodus conjunctus
Roundya. subacoda
Spathosnathodus sp.A.
Hardraw Apatognathus? Spathognathodus cristula Cnathodus commutatus
Scar A? gemina
Limestone
Gayle Gnathodus Lonchodina n.sp.A. See Appendix
Limestone |[G. girtyi drtyd [T '
Hawes Gnathodus See Appendix for

Limestone

G. commutatus

faunal list,

- 0ce -
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Placing too much emphasis upon the variation in aize of faunas from
limestone to limestone but the distribution of conodonts through the
individual beds is important and has led to a number of questions
particularly concerning the mechanism involved in producing this
distribution pattern.

It seems fairly certain that no single faotor has been
responsible, A number of factors, the most important of which have been
described, must have combined their influences to produce the remarkably
oconstant distribution pattern. It is possible that the absence of a
decline in numbers of conodonts at the top of the Three Yard Limestone
indicates that this limestone suffered erosion before the deposition of
the shale above it., A sample of shale from 1 inch above the Throee
Yard Limestone, which conta;ned the highest concentration of conodonts
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 indicates the difference in overall importance
between the shale bands in the Middle Limestone and the apparently
identical shale band in the Gayle Limestone., The former thus represent
that part of the cyclothems between the relevant limestones, refleoting
a major change in palasogeography from south to north, whilst the latter
is not a constant feature and has no effect upon the outorop of the
Gayle (= Smiddy) Limestone. A complete sampling of the Middle Limestone
and its lateral equivalents over their geographical extent oould thus be
an interesting study in the reconstruction of the palaeogeography of
Middle Limestone times, using the horizons of maximum abundance of
conodonts as "time-places" or "correlation planes" from one locality to
the next.

A brief study of the associated microfauna has shown that this
is very variable and includes numerous fossil groups, none of which were
as universally distributed in the Yoredale Series as the conodonts and
none of which exhibited the same degree of regularity in distribution.

The nearest comparison which could be made was between the fish remains

and conodonts although this is not in any way considered as an indication
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of the zoologlical affinities of the latter. The several reasons for

this conclusion include the fact that fish remains are in general uncommon
above the Five Yard Limestone but there is no reduction 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 fluctuated strongly and it was impossible

to forecast even their presence.

The macrofauna seems to have been affected to some extent
by factors which may have been those governing the conodont distribution.
For instance the base of the limestones often contained large numbers
of corals, often in the position of growth, brachiopods were most common
in the lower part of the limestone and there was sometimes an algal phase
at the top, but this was not invariably the case. Some limestones which
showed a strong distribution pattern of conodonts were practically devoid
of a macrofauna, e.g. the Great Limestone of Borrowdale Beck,

The present study has also shown that two of the known
natural conodont assemblages could have besn present in the Yoredale
Series but that at least one or probably several unknown assemblages
were also involved. The reason for considering that perhaps more than
one other natural assemblage contributed to these faunas is the relation-
ship between the two most common genera. In all except the Hardraw
Scar and Five Yard Limestones, Gnathodus was the most common genus but

in these two limestones Apatognathus was the most common genus,

Gnathodus girtyl girtyl is a large form which would be among the last

to be destroyed or removed by eroslon, ete, and yet only 2 specimens
were obtained from the Hardraw Scar Limestone., This therefore suggests

a different source, i.e. natural assemblage, for G. girtyl girtyl and

Apatognathus, although the latter may well have originated from the same

natural assemblage as the Gnathodus commutatus/nodosus/ homopunctatus

group of species,

(v) Stratigraphy.

A wide variety of genera and species of conodonts have been
described 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 appsars to be somewhat random, the distribution
pattern described for the individual limestones makes it posalble to
forecast, to some extent the horizon of maximum concentration of conodonts.
This is an obvious asset, particularly in preliminary sampling, which
would be concentrated on the upper { of the limestone except where it

was complicated lithologically, in which case samples would be taken

from each limestone unit. Even in the latter case, however, unless

there are obvious lithologic changes in the limestone, the oconodonts \
are liable to be conoentrated in the upper part of each unit.

As has alfeady been desoribed, no two limestones contaln
the same conodont fauna. The most important question is therefore
whether or not the changes are significant to the stratigraphy of the
Yoredale Series. Text fig.(20) has shown the ranges of all the species
involved in the‘atudy but text fig. (21) shown the ranges of selected
species, 1.e. species which are restricted in range and or present in
sufficient numbers to be useful. A summary of the distinotive features
of the fauna from each limestone is given in table. p, (29). This
indicates that conodonts may be used in the stratigraphy of the Yoredale
Series for the recognition of horizons, based upon an association of
forms rather than single species., Not all of the limestones have a
very distinctive fauna, normally because of the restricted number of
forms present, but such horizons are usually interspersed by limestones

which are easily recognised.




CHAPTER FIVE

COMPARISON OF YOREDALE CONODONT FAUNAS

WITH OTHERS OF SIMILAR AGE



CHAPTER V

CQIPARISQN (F THE YOREDALE CQVONT FAUNAS

WITH C(THERS OF SIMILAR AGE

Reference to Chapter Three indicates that studies of Visben/
Nemurian conodonts are fairly numerous. It would therefore be a difficult
and laborious task to campare directly the Yoredale faunas with all those
of similar age. However, since many works merely record the presence
of conodonts and others describe them from beds which have not been
precisely dated by other fossils, only important and especially interesting
studies will be considered. In addition other works have considered
conodonts as natural assemblages but since these are so rare and the
source of the Yaredale faounes is unknown, little could be gained by such
a comparison.

(a) Belgium
The only records of Viséan/Namurien conodonts from

Belgium consist of lists of species, Upper Visfen species were listed
by Serre and Lys (1960) and in coumon with the Yoredale Series were
dominated by Gnathodus, which represented 4 of the 9 species present.

Only Ozarkodina delicatula and Prioniodina cassileris were not preasent in

the Yoredale Series but the blggest difference was the extremsly restrioted
number of species in Belgium, which did not include many of the most
common Yoredale forms.

The only record of Belglan Nemurien conodonts i3 a chart of
species and occurrences by Bouckasert and Higgins (1963) from the E; harizon
of the Dinant Basin. Of the 26 forms listed, 22 are common to Belgium
end the North of England. The main difference however is the result of
distribution since of the 22 forms cammon to both areas, only 9 actually

occur in the Ep harizon of the Yoredale Series, In addition the Ep

Yoredale faunas include genera such as Geniculatus and Streptosmathodus

which are absent in Belgium.
(b) Frence

Lys, Meuvier and Serre (1962) included short lists
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of conodonts in their study of the microfauna of the Upper Viséan and
Namurian of Northern Frence. The lists were, however, so brief that
1ittle could be gained from a comparison, except that, in the Upper Viséan,

two of the five forms recorded were Gnathodus girtyl and G. commutatus,

Remack-Petitot (1960) also included a shart section on French

conodonts in her work which mainly concerned North Africa but only

Gnathodus bilineatus and G. girtyi were recorded from horizons equivalent

to the Yoredele Series,

French conodont faunas therefore appear to have been dominated
by Cnathodus as in the Yoredale Series but the faunas were extremsly
small and it is unlikely that they are representative of faunas of this
age from France.

(¢) Germany

Conodont research in Germany has been mainly concen-
trated on the Upper Devonian and Lower Carboniferocus and as a result there
are no recards of Namurisn conodonts and the descriptions of Viséan
faunas are relatively few in number. Although 5 works are to be considered,
only that of Meischner (1962) specifically concerned the Goniatitos-3tufo,

Meischner's distribution chart included 2 forms of Gnathodua

girtyi, plus G, bilineatus, G. cammtatus, (G, homopunctatus and G, nodosus,

all of which are present in the Yaredale Serles, G, homopunctatus occurred

mainly at a lover horizon than G. nodosus as in the Yoredale Soriea but
the latter species was less comon then in the North of England. 1In
addition three other species were recorded by Meischner, i.e. G. texanus,

G, semiglaber and Mestoonathus beclmanni, none of which occurred above

the lower part of the culll/Bzeme end each of which was ebsent in the
Yoredale Series. A carrelation of the Yoredale Series with the
Goniatites-3tufe of Germany would therefore place the base of the Yoredals

succession at about midway through the culll/3 zone (Gonlatites striatus).

Of the several species in Boger's range charts, which ranged

from the Upper Devonian to zone cu 148, only G. bilineatus and

G. commutatus were found in the upper horizons. This is also in egreement

with the conodont zones described by Voges (1959). Three zomes cccur in

the Viséan, the anchoralis zone at the base and the bilineatus zone at
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the top, between which there is an intermcdliate zone where both forms are
found., Flligel and Ziegler (1957) recorded seven species of Gnathodus
from the Viséan, the most coammon of which was G, girtyi.

Bischoff (1957) described 104 forms of conodonts ranging from
the Upper Devonian to the top of the Goniatites-3tufe, of which 57
occurred in the latter stage. Of the 19 short ranging forms, which
were restricted to any one of the three zones of the Goniatites Stufe,
only 3 occurred in the Yoredale Series. However 17 of the forma which
ranged through parta ell of this stage were found in the Yoredale Series
and included four species of Gnathodus. The ranges given by Bischoff
are thus in agreement with the base of the Yaredale Series correlating

with a midway position in the culllf3 zone, aince G. semicleber which is

absent from the Yoredale Series disappeared at this horizon in Germany.

In sddition several species of Hindeodella cammon to both localities

disappeared at the top of the Culll3 zone thus corresponding with the

reduction in this genus in the middle part of the Yoredale succossion.

The German faunas have therefore much in cormon with the
Yoredale conodont faunas, particularly in the domineance of the genus
Gnathodus, The relative importence of the species of this genus doos

show some differences however, since G. bilinoatus and G, commutatus are

among the most importent species in Germany, where there is not such a
complete dominance of the fauna by G. girtyl, and G. nodosus is much leas
common than in the North of England where G, texanus is abaent.

Another difference is the almost complete lack in Germany
of Apatogmathus?, of which only a single specimen was recorded by Biachoff

(1957). In eddition Geniculatus, which ranged throughout the Goniatitos-
Stufe in Germany, was restricted to the E, horizon in the Yoredale Serisa,

(@) Great Britain

The Yoredale conodont faunas pepresent an interssting
link between the faunas of the lfidland Valley of Scotlend (Clarke 1960)
and those of the Southern Fennines (Higgins 1961 and in manuscript). In
each of these three areas the dominant genus was Gnathodus and tho forms
present were the same, although there were some differences in nomenclature

between the Scottish and English species. Consequently G. smithi has
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been placed in synonomy with G. bilineatus, G. clavatus with G. girtyi

and G, cruciformis with G. nodosusnodosus, In addition the dominant

species in each locality was G. girtyi (clavetus). One difference,

however, was the presence in the Yoredale Series of G. nodosus rediolus,

which was restricted to the Main Limestone.
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 apecies,

S. campbelli in the Southern Fennines and by four species, S, exalentatus,

S. minutus?, S. pusilis and S. scitulus in Scotland. 8. minutus and
S. scitulus were the most important species of this genus in the Yoredale
Series, where they were joined by S. cristula plus a number of other forms
present in small numbers.

Greater differencesare evident between the three localitiea

in a study of Apatopnathus?, A? pemina and A? porcata were both present

in the Lower and Upper Limestone Groups of Scotland. The former was
also present in the lower part of the Yoredale succession and the Visden
of the Southern Pennines. The Yoredale Series, however, contained 5
other species, each of which was new and cambined with A? remina to make
this genus the second most abundent of the study., The presence of

abundant Gnathodus and Apatosnathus? would therefore appear to be a

characteristic and distinguishing feature of Yoredale conodont faunas.
Clarke recorded a total of 18 genera and 40 species from the
Midlend Valley of Scotland and o these 15 genera and 17 apecies have
been found in the Yoredale Series and 13 genera and 10 species in the
Southern Pennines. There is thus a strong similarity between the 3
areas, although the effect of geographic separation is obvious. There
is also an appreciable variation in the number of forms present in the
3 areas, Compered with the 18 genera and 40 species of Scotland, the
Yoredale Series contained 22 genera, 76 species and L varieties, whilst
23 genera, 51 species and L varieties were recorded in the Southern

Pennines. The range in variety of forms is therefore greatest in the

Yoredale Series, particularly when it is remembered that the 51 species

of the Southern Pennines spanned from the Upper Viséan to the Lower Coal
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Measures and therefore included several which could not possibly have
been found in the Upper Viséan and Lower Namurian. 21 genera, 39 species
and 4 varieties thus ocourred in the Southern Pennines at equivalent
horizons to the Yoredale Series, and of these 17 genera, 31 species and

2 varieties have been found in the latter area. The comparison between
the two areas is thus much closer than the total figures suggested.

The Yoredale conodont faunas therefore appear partly as a mixture of the
faunas from Scotland and the Southern Pennines but also contain forms
which are indigenous to the North of England.

(e) North Africa

The conodont faunas of North Africa, covering an
extremely wide range of beds from Silurian to Pennsylvanian, have been
studied by Remack-Petitot (1960). Beds of relevant age to this study
ylelded 5 genera, 9 species and 1 subapecies, of which only Gnathodus

roundyi, G. texanus and Cavusgnathus cristata were absent from the Yoredale

Series, However there was a marked lack in the North African faunas of

Gnathodus commutatus, G. homopunctatus and G. nodosus and also genera

such as Apatognathus? and Neoprioniodus, both of which were common in
the Yoredale Serles,
(£f) North America

The difficulties involved in a comparison of the
Yoredale conodont faunas with those of North Amerlca are mainly the
result of difficulties in intercontinental correlation. The reason
‘for the difficulties in correlation is the absence of useful zonal fossils
oommon to the two areas. Conodonts are however proving extremely
useful and numerous correlations have been based upon these foasils.
The problem is enhanced by the fact that even within North America
correlations from one part of the continent to another are by no means
certain, Correlation charts produced by Weller et.al, 1948 and Moore
et al,1944 equate the Lower Namurian with the Chester Series, The
Upper Viséan is therefore probably equivalent in part to the Chester
Series and also the Merames or Upper Valmeyeran Series., Several Upper
Mississippian horizons have been studied in America from areas other

than the Illinois/Mississippi Basin, inoluding the Barnett Formation of
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Texas, the Stanley Shale of Arkansas and Oklahoma and the Caney Shale
of Oklahoma, but their exact age 1a still uncertain. A comparison
of the conodonts however indicates that they are roughly equivalent to
the Chestef Series of Illinois.,

The Barnett Formation was described by Hass (1953), who
considered that the upper of its two faunal zones was probably partly
Meremec and partly Chester age whilst the lower zone was Osage (Keokuk)
in age. If this is correct, the upper faunsl zone is probably equivalent
to at least part of the Yoredale succession.

Hass did not describe the lower faunal zone, although he
did 1list the genera present. These included Gnathodus, Hibbardella,

Hindeodella, Ligonodina, Neoprioniodus, Roundya and Subbryantodus, all

of which were present in the Yoredale Series and apart from Roundya were
typical of the lower part of the Yoredale succession. There is
therefore & strong similarity at a generic level between the lower
faunal zone of the Barnett Formation and the lower part of the Yoredale
succession but the most pronounced difference 1s the lack in the former
of the genus Apatognathus?

The upper faunal zone of the Barnett Formation ylelded a
relatively larger and more varied fauna of oconodonts ocomprising 10
genera and 18 species but was nevertheless extremely limited in variety
for such abundant material. All the forms ranged through the upper

faunal zone except Gnathodus texanus which was absent from the top of

the zone and Neoprioniodus singularis which was restricted to the top.

Of the 18 species present, 8 were common and included Gnathodus commutatus,

B, bilineatus, Genioulatus claviger, Lonchodina paraclarki and Roundya

subadoda, each of which was found in the Yoredale Series. The presence
of Geniculatus might suggest a correlation of this fauna with that of
the Mirk Fell Beds but as has already been seen, this genus has been
found throughout the Goniatites-Stufe in Germany.

Hass also compared the Barnett Formation with the Stanley
Shale and the Caney Shale, The latter was desoribed by Elias (1956)

end divided into the Ahlosa, Delaware Creek and Sand Branch members, in
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ascending order, the upper of which was considered to be of Chester age
and the lower two Meramec., ©Ellas considered the Barnett Formation to

be of Chester age, slightly younger than the Delaware Creek member of

the Caney Shale and equivalent to the Stanley Shale. All were considered
equivalent to the Lower Namurian of Europe. This was supported by the
fact that the most important conodont genus in all these areas, plus

the Yoredale Series, was Gnathodus. The three most common species were

G. bilineatus, G. girtyl and G. commutatus and in this respect the

Yoredale faunas were unusual in the relative unimportance of G. bilineatus

and the complete absence of G. texanus,

Comparisons of the major elements of the faunas of North
America and Northern England are not as direct when considering the
alternating sediments of the Illinois Basin, where, in the standard
succession of the Chester Series, the place of Gnathodus as the dominant

genus 1s taken by Cavusgnathus. There is nevertheless a strong

resemblance between the faunas of the two areas, in composition if not
in relative proportions.

The oldest fauna relative to this discussion is that of the
St. Louis Formation of the Valmeyeran Series (Rexroad and Collinson, 1963).

This fauna contained 11 genera, of which only Taphrognathus has not been

found in the Yoredale Serles and in common with the present study, also

contained abundant specimens of Apatognathus? The ocourrence of

Taphrognathus was the youngest for this genus and was combined with the

oldest occurrence of Cavgggnathus. In view of the abasence of the former

and the presenceof the latter througﬁ the Yoredale Series, plus the fact
that the common forms in the St. Louis Formation, including Spathognathodus

scitulus, Apatognathus? gemina and Ligonodina levis all occurred in the

lower part of the Yoredale succession, it is probable that the American
horizon is equivalent to the base of the Yoredale Series or to the top
of the Great Scar Limestone. This is also substantiated by the presence
of Ozarkodina jaevipostica in both areas but only common in the present
study in the Gayle Limestone. The appearance of many new forms in

the Geyle Limestone is therefors probably a reflection of the onset of

true Yoredale conditions 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 1s therefore the relative unimportance in America of
the genus Gnathodus, which was represented only by rare specimens of

G. commutatus and G. texanus,

The fauna of the Pella Formation, redescribed by Rexroad
and Furnish 1964 after Youngquist and Miller 1949, was correlated with
that of the Ste. Genevieve Limestone of the standard succession, 14
genera and 25 species were desoribed; of which 9 genera and 11 species
have been found in the Yoredale Series. The two most common species

were Cavusgnathus unicornis and Spathognathodus oristula, both of which

have been found in the Yoredale Series. The latter species substantiates
the correlation with the St. Louis Formation outlined above since it
first appears in the Hardraw Scer Limestone, and is absent from the

Gayle Limestone. Other species common to the two areas are

Neoprioniodus scitulus, Ligonodina tenuis, L. levis, Neoprioniodus

singularis, N. peracutus and Magnilaterella robusta, of which the latter

was the most restricted, belng recorded in asmall numbers from the Middle
Limestone to the Main Limestone, The Pella and Ste. Genevieve Formations
therefore roughly oorrelate with the horizon of the Hardraw Scar
Limestone but possibly as high as the Middle Limestone. The Pella
faunas were strikingly different from the St. Louis and Yoredale faunas

in the lack of Apatognathus?

The whole of the Chester Series was studied by Rexroad (1957),
who described 27 species belonging to 9 genera but the faunas of several
of the formations involved have since been described in detail.

The oldest Chester fauna to be desoribed was that of the
Paoli Formation (Rexroad and Liebe 1961) of Indiana and Kentucky, which
is equated with the Renault, Yankeetown and Downey Bluff Formations of

Illinois. Once agaln Cavusgnathus unicornis and Spathognathodus oristula

were the most common species and Gnathodus accounted for &% of the fauna
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 presence of Hibbardells,
e ———

Lambdagnathus, Synprioniodina and Hindeodus suggest a rough correlation

with the middle part of the Yoredale succession.

The Golconda Group was described by Rexroad and Jarrell
(1961). The lower of the three formations comprising 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 replaced by Cavusgnathus, The lower

or Beech Creek Formation therefore had strong similarities with the

Yoredale faunas in its three most common forms - Gnathodus commutatus,

G. bilineatus and Neoprioniodus singularis,

The Glen Dean Formation (Rexroad 1958) contained 27 species

from 12 genera. The most important species were Cavusgnathus unigornis,

Neoprioniodus scitulus, Ligonodina levis and Spathognathodus oristula,

each of which have been found in the Yoredale Series, Thirteen of
the Glen Dean species were present in the North of England. Collinson,
Scott and Rexroad (1962) correlated the Glen Dean Formation with the
base of E, in the European succession, the horizon of the Mirk Fell
Beds. The Yoredale conodont faunas are not in agreement with this
correlation, however, since the Mirk Fell (Ez) faunas were highly
distinctive and closely resembled those of the Kinkaid Formation (upper
part) at the top of the Chester Series and Missiassippian.

The Kinkaid Formation (Rexroad and Burton 1961) contained
28 species from 12 genera and was divided into 4 units. The lower 3
units were typically Chesterian in aspect and contained 11 genera and
26 species of which 9 genera and 15 species ocour in the Yoredale Series.

The dominant genera were Cavusgnathus and Neoprioniodus and the most

common species C. unicornis,

The upper unit of the formation was strikingly different from

the lower 3 units in that Streptognathodus comprised one third of the

fauna and there was a marked decrease in Cavusgnathus, Transitional

forms between these two genera suggested that this was an evolutionary

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 from Cavusgnathus

unicornis to Streptognathodus unicorﬁis, which was observed in both areas.

The three lower units of the Kinkaid Pormation also correlate very
satisfactorily with the E4 horizons of the Yoredale succession, i.e,
Main Limestone to the base of the Mirk Fell Beds, The basis of this
correlation is primarily the appearance in the Main Limestone of Cavus-

gnathus navicula which Rexroad and Burton described as 1 of only 3 forms

out of 26 in the Kinkaid Formation which have not been found in other
formations lower in the sequence.

The correlations suggested by the Yoredale study and which
are indicated in text fig.(22) are partiocularly important since they
include the Mirk Fell Beds, the only Yoredale horizon containing a
goniatite fauna, A definite lower E2 age is thus known for these
beds. The Kinkaid Formatlon, which 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 succession is complete,
the Mississippian/Pennsylvanian junction is considered to ocour at the
E2/H horizon on the European Gonlatite succession, hence Collinson,
Scott and Rexroad's correlation of the top of the Kinkald Formation
with the base of H, The implications of the correlation suggested by
the conodonts of the Yoredale Series are therefore twofold:-
either (a) Mississippian beds which are younger than the Kinkaid

Formation occur in areas other than the type-area
or (b) the Mississipplan/Pennsylvanian junction is placed too
high in the succession in Oklahoma and Texas.

(g) Spain

Spanish conodonts of Middle Viséan to Lower Namurian
age were described by Higgins (1962) from the "Griotte" Limestone, The
faunas had much in common with those of the Yoredale Series, particularly
in the abundance of specles of Gnathodus, The following specles were

recorded:- G. bilineatus, G. commutatus, G. homopunctatus, G. nodosus,

G. girtyi, G. delicatus, 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. bilineatus was the most common specles and

ranged throughout the Spanish sequence.

0f the remaining fauna Cavusgnathus 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) Conclusions

It is evident from the foregoing paragraphs that

accurate comparisons and correlations of the Yoredale conodont faunas
can only be made with those of the Southern Penninses, the Midland Valley
of Scotland, Germany and the U.S.A. This is merely a reflection of the
lack of sufficient knowledge of the faunas from other areas,

There are great similarities between the faunas of the three
British areas and in most senses those of the Yoredale Serles appear as
an intermediate stage between the faunas to the south and north, 1In

each area the dominant speclies was Gnathodus girtyi., In one respect

however, the Yoredale Series was somewhat different, sinse the oonditions
represented by the limestones appear to have been the optimum conditions

for the genus Apatognathus?, which was found in greater variety than has

previously been recorded.

A comparison with Germany showed the main differences to be

an almost complete lack of Apatognathus? plus a more diverse range of

species of Gnathodus, Of particular interest was the absence of
G. texanus in the Yoredale Series and the relative unimportance of

G. bilineatus when compared with Germany. Geniculatus was also

peculiarly restricted to the uppermost horizon of the Yoredale Serles.
The base of the Yoredale succession correlates with about the middle of

the culll/3 zone (Goniatites striatus) of Germany.

In many respects correlation of the Yoredale Series with the
United States was easier than with Germany. Each fauna described from
the Valmeyeran or Chester Series could, to varylng degrees, be ocorrelated
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

Gonlatite fauna and the upper unit of the Kinkaid Formation, This has
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illustrated the difficultles experienceiin correlation within the U.S.A.
since it 18 considered that either there must be younger Mississippian
beds than the Kinkaid Formation outside the type area or that the
Mississippian/Pennsylvanian junction must be somewhat lower than has been

previously thought, i.e. E‘1/E2 as opposed to EZ/H'




CHAPTER SIX

CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK




CHAPTER VI

1. CONCLUSIONS

The Yoredale Series has been shown to consist of a variable
number of cyclothems, each of which contain a wide range of lithologles
arranged in a regular order, These lithologles, ranging from fully
merine limestones and shales to seat-earths and coals, reflect the great
and rapid changes in enviromment, which took place during the deposition
of the series. A great deal of controversy exists as to the actual
control of these changes but many writers agree that deposition was
strongly influenced by the formation and overwhelming of large deltas
which covered much of the North of England during the Upper Viséan and
Lower Namurlan.

In a seriles of variable strata, where lithologles are
repeated many times, recognition of particular horlzons or even oyclothens
is difficult, particularly in teotonically disturbed areas, and the
fauna they contain is strongly influenced by the repeated changes in
environment., Thus goniatites, which have proved extremely useful for
the recognition, dating and correlation of equivalent horizons in other
parts of the world, are 80 extremely rare in the Yoredale Series that
they are of little or no "working value". In addition the alternative
of the coral/brachiopod zonal schems is relatively insensitive for the
short period of time represented by the Yoredale Series,

An accurate and applicable method for recognition, dating ;nd
correlation in the Yoredale Series was therefore needed and in an
effort to provide such a method a study of the conodont 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 Serles,

(b) These fossils have been obtained from every limestone
from which samples have besn digested for this study.

(¢) The only shales from which conodonts have been obtained

were the Mirk Fell Shales but this may partly reflect the concentration

of study upon the limestones.
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(d) These fossils are generally present in great abundance,
resching a maximum of over 500 specimens per Kgm. of rock (Collinaon,
Scott and Rexroad 1962, considered a species abundant if its concentration
was greater than 3 specimens per Kgm.)

(e) Over 9000 specimens were studied, representing 76 apeoieS
and 4 varieties from 22 genera and these combined to make the Yoredale

faunas unique, particularly in the abundance of Gnathodus and Apatognathus?

(f) The genus Apatognathus? appears to have been facles

controlled during Carboniferous times and may have been restriocted to
the type of enviromment represented by the Yoredale limestones.
(g) Part of the fauna oould have originated from two of
the known natural conodont assemblages i.e. Westfalicus (Schmidt 1934) and

Lewistownella Scott 1942.

(h) The majority of the conodonts present in the Yoredale
Series originated from an as yet unknown natural assemblage.

(1) Conodonts are not sporadically or randomly distributed
through individual limestones but occur in a regular pattern which with
certain modifications, is repeated in each limestone,

(§) Except in the Middle Limestone, the maximum concentra-
tion of conodonts oscurs 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 lateral equivalents, on the Alston
Block.

(1) The distribution pattern must be the result of several
influences of which the most important were probably changes in the
marine environment including speed of accumulation of sediment,

(m) No two limestones contain identical faunas sinoce changes
in composition of the faunas through the series are combined with marked
fluctuations in their size, These fluctuations involve both the number
of specimens and species, disregarding the effect of distribution through
the individual beds,

g o




(n) The conodont faunas are therefore stratigraphically
useful since they are abundant, show rapid changes and are easily
extracted from the dominant lithology of each oyclothen,

(o) The Yoredale conodont faunas show great similarities
with the faunas of Scotland and the North Midlands but also contain
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 socale.

(q) Correlation with German faunas indicates that the base
of the Yoredale Series occurs at about the middle of the Goniatites
striatus zone ( culllG).

(r) A close correlation is possible between the Yoredale
faunas and those of Illinois and this indicates that the type seotion
of the Chester and Valmeyeran Series is more condensed than has been
previously thought. The base of the Yoredale Series correlates with
the horizon of the Ste. Genevieve and St. Louis Formations, and the Mirk
Fell Beds, which are of basal E2 ago, with the upper division of the
Kinkaid Formation. The implications are therefore that either Missis-
sippian beds which are younger than the Kinkaid Formation occcur outside
of the type-area of Illinois or the Mississippian/Pennsylvanian
Junction should be placed at a lower horizon,

(8) Yoredale conodont faunas aré associated with a large
and varied microfauna,

(t) Contrary to the majority of oscurrences of conodonts,
the Yoredale faunas are associated with a coral/brachiopod/erinoid
macrofauna.

The conodont faunas of the Yoredale Series therefore fulfil

the requirements for the recognition, dating and correlation of horigons.

2, SUGGESTIONS FOR FUTURE WORK

A number of suggestions for future work have arisen,
partly as a natural progression on to topics closely related to and

resulting from the present study, and partly due to the relative success
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of the conodonts of the Askrigg and Alston Blocks,

It was stated in Chapter One that the Northumberland Trough
is a well-defined tectonic area constituting a study in its own right.
A study of the conodonts of this region would serve several purposes:-

(a) It would provide the last link between the faunas of
the Midlands and Scotland.

(b) It would substantiate or refute the suggested
correlation with the Mississippian/Pennsylvanian junction.

(¢) It would be possible to recognise any Tournaisian
strata which may be present.,

(d) Concentrated colleoting in the region of the Viséan/
Namurian junotion would indicate its effect, if any, on the conodont
faunas and this might, in turn, substantiate or refute its present
placing between the Underset and Main Limestones.

A detaliled study of the Middle Limestone and its lateral
equivalents over their whole outcrop area would illustrate the
palaeogeography of that time, indicate the extent of the deltas and the
relative speeds of deposition of the various parts of the cyclothem(s)
over their geographic extent,

Finally, a similar study could also be extended southwards
into the Great Scar Limestone with the possibility of recognising the
lateral equivelents of cyclothems in a massive limestone sequence by

a study of the vertlcal distrlbution and abundance of conodonts.



APPENDIX

Faunal Lists of the Conodonts present in each Horizon,

excluding those forms which appear in the table on pages 219 & 220

Mirk Fell Beds

Gnathodus girtyl Hass girtyi

G. girtyl Hass sulcatus Higgins
Ligonodina levis Branson and Mehl
L. tenuis Branson and Mehl

L. typa (Gunnell)

Lonchodina paraclarki Hass
Magnilaterella complesctens (Clarke)
Neoprioniodus conjunctus(Gunnell)
N. peracutus (Hinde)

N. singularis (Hass)

Roundya subacoda (Gunnell)
Spathognathodus cristula Youngquist and Miller
S. scitulus (Hindse)

Iittle Limestone

Apatognathus? librata sp.nov,
Cavusgnathus navicula (Hinde)
Ligonodina of, ultima Clarke

Main Limestone

* ~ forms which do not occur above the Main Limestone
*Apatognathus? ouspidata sp.nov.

‘A? librata sp.nov.

*A? petila sp.nov,

*A? scalena sp,nov.

-Cavusgnathus unicornis Youngquist and Miller
*Gnathodus bilineatus (Roundy)

*G. commutatus (Branson and Mehl)

G girtxi Hass ggrtxi

G. girtyi Hass sulcatus Higgins
*Hibbardella fragilis Higgins

*Hindeodella germana Holmes
*H, hamatilis sp.nov.

*H, ibergensis Bischoff
*Hindeodus sp.A,

‘Ligonodina levis Branson and Mehl




L. tenuis Branson and Mehl

L. typa (Gunnell)
*1,, ultima Clarke
*L. n.sp.A.
*Lonchodina furnishi Rexroad

*I,, paraclaviger Rexroad

*L. of. projecta Ulrich and Bassler
Magnilaterella complectens (Clarke)
*M. robusta Rexroad and Collinson
*M. sp.A.

*M. spp

-Neoprioniodus peracutus (Hinde)

N. singularis (Hass)

*New Genus - Rexroad and Collinson
*(Ozarkodina adunca sp.nov,

*0. cf, laevipostica Rexroad and Collinson

*0. sp.B.

*Spathognathodus minutus (Ellison)
S. scitulus (Hinde)

*S. sp.A.

Iron Post Limestone

Neoprioniodus singularis (Hass)
Spathognathodus soitulus (Hinde)

Underset Limestone

Apatognathus? cuspidata sp.nov,

A? librata sp.nov,

A? petila sp.nov,

A? scalena sp.nov.

Cavusgnathus unicornis Youngquiast and Miller
Gnathodus bilineatus (Roundy)

G. commutatus (Branson and Mehl)
G. girtyi Hass sulcatus Higgins
G. nodosus Bischoff nodosus
Hindeodella hamatilis sp.nov,

H. ibergensis Bischoff
Hindeodus sp.A.

Ligonodina levis Branson and Mshl

L. tenuis Branson and Mehl

L. typs {Guhnell)

Magnilaterella complectens (Clarke)
M. robusta Rexroad and Collinson
Neoprioniodus conjunctus (Gunnell)
N. peracutus (Hinde)

N. singularis (Hass)




0zarkodina adunca sp.nov.

0. cf. laevipostica Rexroad and Collinson

Spathognathodus cristula Youngquist and Miller
S. scitulus (Hinde)

Three Yard Limestone

Apatognathus? chaulioda sp.nov,

A? cuspidata sp.nov,

A? librata sp.nov.

A? petila sp.nov.

A? scalena sp.nov,

Cavusgnathus unicornis Youngquist and Miller
Gnathodus bilineatus (Roundy)

G. commutatus (Branson and Mehl)

G. girtyl Hass sulcatus Higglins

G. nodosus Bischoff nodosus

Hibbardella fragilis Higgins

Hindeodella germana Holmes

Ligonodina 1evis Branson and Mehl
L., tenuis Branson and Mehl

L. typa (Gunnell)

L. ultima Clarke

Lonchodina paraclaviger Rexroad
Magnilaterella complectens (Clarke)
M. robusta Rexroad and Collinson

M. sp.A.

M. spp

Neoprioniodus peracutus (Hinde)
N. scitulus (Branson and Mehl)
New Genus - Rexroad and Collinson

Ozarkodina adunca sp.nove.

0. of, laevipostica Rexroad and Collinson

0. sp. B.

Roundya subacoda (Gunnell)
Spathognathodus minutus (Ellison)
S. scitulus (Hinde)

Five Yard Limestone

Apatognathus? chaulioda sp,nov.

A? cuspidata sp.nov.
A? petila sp.nov,

A? scalena sp.nov,

Gnathodus girtyli Hass Eirtxi
G. nodosus Bischoff nodosus

Ligonodina levis Branson and Mehl
L. tenuls Branson and Mehl




Magnilaterella complectens (Clarke)
Neoprioniodus scitulus (Branson and Mehl)

Ozarkodina of. laevipostica Rexroad and Colllinson
Spathognathodus minutus (Ellison)
S. scitulus (Hinde)

Middle lLimestone

Cavusgnathus unicornis Youngquist and Miller
Gnathodus bilineatus (Roundy)

G. commutatus (Branson and Mehl)

G. nodosus Bisochoff nodosus

Hibbardella shnormis Branson and Mehl
Hindeodella brevis Branson and Mehl

H. germana Holmes
H, hamatilis sp.nov.

H. 1bergensis Bischoff
Lambdagnathus macrodentata Higgins

TLigonodina levis Branson and Mehl

L. tenuis Branson and Mehl
L. typa (Gunnell)

L. ultima Clarks

Lonchodina furnishi Rexroad
L. paraclaviger Rexroad

Magnilaterella alternata sp.nov.

M. complectens (Clarke)

Neoprioniodus scitulus (Branson and Mehl)
N. varians (Branson and Mehl)

New Genus - Rexroad and Collinson

Ozarkodina adunca sp.nov,.

0. cf. laevipostica Rexroad and Collinson
Roundya subacoda (Gunnell)

Spathognathodus oristula Youngquist and Miller
Synprioniodina forsenta Stauffer

Simonstone Limestone

Angulodus walrathi (Hibbard)

Apatognathus? gemina (Hinde)

A? librata sp.nov,

A? petila sp.nov.

Cavusgnathus unicornis Youngquist and Miller
Gnathodus commutatus (Branson and Mehl

. nodosus Bischoff nodosus
Hibbardella abnormis Branson and Mehl

Hindeodella germana Holmes

H. hamatilis sp. nov,
H. ibergensis Bischoff




H., undata Branson and Mehl
Lambdagnathus n.sp.A.

Ligonodina levis Branson and Mehl
L. typa (Gunnell)

L. ultima Clarke

L. n.sp.A.

Neoprioniodus peracutus (Hinde)
N. scitulus (Branson and Mehl)
New Genus - Rexroad and Collinson

Ozarkodina adunca sp.nov.

Subbryantodus subaequalis Higgins
Synprioniodina forsenta Stauffer

Hardraw Scar Limestone

Apatognathus? lidbrata sp.nov.

A? petila sp.nov.

Gnathodus girtyl Hass girtyi
Hindeodella undata Branson and Mehl
Neoprioniodus singzularis (Hass)

New Genus - Rexroad and Collinson

Gayle Limestone

* . forms not found below the Gayle Limestones
*Angulodus walrathi (Hibbard)

-Apatognathus? chaulioda sp.nov,.

A? gemina (Hinde)
*A? librata sp.nov.

*A? petila sp.nov.
*Cavusgnathus unicornis Youngquist and Miller
Gnathodus bilineatus (Roundy)

G. commutatus (Branson and Mehl)

G. homopunctatus Ziegler

*G., nodosus Bischoff nodosus
*Hibbardella abnormis Branson and Mehl

*H. fragilis Higgins
-Hindeodella brevis Branson and Mehl

*H. germana Holmes

*H, hamatilis sp.nov.

‘H. ibergensis Bischoff

H. undata Branson and Mehl
*Lambdagnathus n,sp.A.

*Ligonodina levis Branson and Mehl
*L. tenuis Branson and Mehl

*L. typa (Gunnell)

*1,. ultima Clarke

*L. n.sp.A.




*T,onchodina furnishi Rexroad

*1,. paraclaviger Rexroad

*Magnilaterella alternata sp.nov,

*M. complectens (Clarke)
*M. spp.

Neoprioniodus peracutus (Hinde)
*N. scitulus (Branson and Mehl)
N, singularis (Hass)

*N. spathatus Higgins
*N., varians (Branson and Mehl)

*¥New Genus - Rexroad and Collinson

Ozarkodina adunca sp.nov.

*0, lasvipostica Rexroad and Collinson

*0, of. laevipostica Rexroad and Collinson
*0, sp.A.

Spathognathodus scitulus (Hinde)

*Subbryantodus subaequalis Higgins
*Synprioniodina forsenta Stauffer

Hawes I.imestone

Apatognathus? chaulioda sp.nov.

A? gemina (Hinde)
Gnathodus bilineatus Roundy

G. girtyi Hass girtyl

G. girtyl Hass sulocatus Higgins

G. homopunctatus Ziegler
Hindeodella brevis Branson and Mehl
H. ibergensis Bischoff

H. undata Branson and Mehl

Lonchodina sp.B.

Neoprioniodus singularis (Hass)
Ozarkodina adunca sp.nov.
Spathognathodus scitulus (Hinde)
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PLATE 1

All Figures x 41

Apatognathus? chaulioda sp.nov.

Figs. 1 and 4 Type specimen, 26/5/GG202, outer and inner’
lateral views.

Figs. 2 and 3  34/3/GB8A, inner and outer lateral views.

Fig.5 23/1/MG285 inner lateral view.

Fig.6 24/6/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/,/sWi82, inner and outer lateral views.

Denticles broken but 'bars complete.

Fig.10. Type specimen, 28/6/BB205, outer lateral view.
showing complete cusp.

Fig.11. 29/2/BB20%, inner lateral view.

Fig.12. 23/5/MG285, inner lateral view,

Fig.13

31/2/BB159, outer lateral view.
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PLATE 2

A1l Figures x 41

Apatognathus? gemina (Hinde 1900)

Figs. 1 and 2 80/5/GB110J, 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

immature specimen.

Fig.5 29/5/BB159, inner lateral view of a juvenile
specimen.

Fig.6 28/4/BB205, inner lateral view.

Fig.8

25/5/SW182, inner lateral view.

Fig.9 Type specimen, 18/2/MG132, 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/L/sSWi82, outer and inner lateral views.
N

Fig.14. 34/5/GB110, inner lateral view.






PLATE

All Figures x L1

Apatognathus? petila sp.nov,

Fig.1 Type specimen, 16/6/UG39, outer lateral view.
Fig.2 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 dbar.

Pig.5 l 22/5/1G278, inner lateral view.
Fig.6 31/4/BB159, inner lateral view.
Fig.7 33/3/GG217, outer lateral view.
Fig.8 18/5/4G131, inner lateral view.

Geniculatus claviger Roundy 1926

Fig.9 65/2/MF191, oral view of a highly thickened

specimen with a small cusp,

Fig.10 65/3/uF191, oral view of a specimen with a

larger cusp.

Angzulodus walrathi (Hibbard 1927)

Fig.11 35/2/GB111, inner lateral view.

Fig.12 35/1/6B117, inner lateral view,



3

| PLATE




PIATE L4

All figures x L1

Hindeodella brevis Branson and Mehl 1934.

Fig.1 65/6/MG1ALL, outer lateral view.

Fig.2 66/1GB19, outer lateral view

Hindeodella germana Holmes 1928,

Fig.3 66/2/¥G133, inner lateral view showing anterior
bar and part of the posterior bar.

Fig.5 66/3/MG155, inner lateral view.

Hindeodella hamatilis sp.nov.

Figs. 4 and 7 Type specimen, 51/5/¥G132, outer and inner lateral

views.

Figs.6,8 and 9. 51/4/GB111, 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 52/2/uF190, inner lateral view.

Hindeodus sp.A.

Fig.16 52/1/46259, inner lateral view, basal pit visible.
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PLATE 5

All Figures x 41

Lanbdagnathus macrodentata Higgins 1961

Figs.1 and 2 64/6/MG132, inner lateral and aboral views.

Lambdagnathus n,.sp.A.

Fig.3 52/3/GB112, inner lateral view. Aboral groove
visible.

Lambdagnathus sp.B.

Figs.lk and 5  52/L4/MG272, inner lateral and oral views.

Ligonodina tenuis Branson and Mehl 1941

Figs.6 and 9 70/4/GB117, inner and outer lateral views.

Note denticle anterior to the cusp.

Ligonodina levis Branson and Mehl 1941

Figs.7 and 8  70/6/MG131, inner and outer lateral views.

Note absence of denticle anterior to the cusp.

Ligonodina typa (Gunnell 1933)

Figs.10 and 11, 70/6/GR111, anterior and posterior views of a

specimen with strong denticulation on the

inner lateral process,

Fig.12 71/2/5W186, inner lateral view.

Ligonodina ultima Clarke 1960

Figs.12 and 13 62/5/M6155, 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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PLATE 6

A11 Figures x 41

Tigonodina of ultima Clarke 1960

Flg.1 62/3/BB123, inner lateral view,

Pig.2 62/4/BB202, inner lateral view,

T.onchodina paraclaviger Rexroad 1958

Fig.3 61/2/6G217, inner lateral view,

Lonchodina furnishi Rexroad 1958.

Pigs.l and 5  57/6/GB111, inner and outer lateral views.

Lonchodina n.sp.A.
Figs.6 and 7  52/6/GB117, inner and outer lateral views.

Lonchodina paraclarki Hass 1953

Figs.8 and 11  61/6/MF192, ipner and outer lateral views.

Lonchodina of, projecta Ulrich and Bassler 1926.

Fig.10 61/1/6G216, innerlateral view,

Magnilaterella recurvata (Bischoff 1957)
Fig.9

65/5/MG259, inner lateral view of lateral bar.

Magnilaterella complectens (Clarke 1960)

Figs.12 and 13 60/2/6B116, outer and inner lateral views.

Magnilaterella sp,A.

Fig.14 54,/3/uG270, outer lateral view.






PLATE

All Figures x 41

Magnilaterella robusta Rexroad and Collinson 1963

Figs.i and 2  60/4/MG270, outer and inner lateral views.

Fig.3 60/6/MG272, outer lateral view of lateral bar.

Magnilaterella alternata sp.nov.

Figs.h and 5. Type specimen, 54/1/4G155, inner and outer

lateral views, showing prominent callus.
Neoprioniodus camurus 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,

Neoprioniodus varians (Branson and Mehl 1941)

Fig.7 72/6/GG211, inner lateral view.

Fig.10 73/1/GB116, inner lateral view.

Neoprioniodus conjunctus (Gunnell 1931)
Fig.11

71/3/MG132, inner lateral view.

Fig.12 71/4/MF191, thickened specimen, inner lateral

view,

Neoprioniodus scitulus (Branson and Mehl 1941)
Fig.14

72/4,/MG272, inner lateral view.

Fig.15 72/3/6B107, inner lateral view.

Neoprioniodus spathatus Higgins 1964.

Fig.13 55/5/GB108, inner lateral view of specimen with

& denticle on the antiocusp.

Fig.16 55/4/MG130, inner lateral view.
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PLATE 8

All Figures x 41

Neoprioniodus singularis (Hass 1953)

Fig.1 71/6/BB156, inner lateral view,
Fig.2 71/5/M6259, inner lateral view.

Neoprioniodus peracutus (Hinde 1500)

Fig.3 72/2/6B107, inner lateral view,
Fig.4 72/1/BB156, inner lateral view,

New Genus - Rexroad and Collinson

Fige5 73/5/MG276, inner lateral view
Fig.6 73/4/MG272, inner lateral view
Fig.7 73/3/MG3L4, inner lateral view.
Fig.10 73/2/M6132, inner lateral view.

Ozarkodina adunca sp.nov,

Fig.8 Type specimen 55/6/GB111, imnner lateral view.

Fig.9 54/1,/MG270, inner lateral view of immature specimen.

Ozarkodina laevipostica 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 c¢f. hindei Clarke 1960

Fig.15 63/3/MG69, inner lateral view.
Ozarkodina c¢f. laevipostica 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/BB20L4, inner lateral view.

Fig.20 76/2/GG226, inner lateral view.
Spathognathodus of, minutus (Ellison 1941)

Fig.19 76/6/BB20L4, outer lateral view.






PLATE 9

All Pigures x L1

Spathognathodus of. minutus (Ellison 1941)

Fig.1 77/1/6G241, outer lateral view.

Spathognathodus minutus (Ellison 1941)

Fig.2 76/4/4G285, outer lateral view.

Fig.3 76/5/MG285, outer lateral view,

Spathognatodus scitulus (Hinde 1900)

Figsh and 6 77/2/GB107, outer and inner lateral views,

Spathognathodus sp.A.

Fig.5 76/1/M6132, outer lateral view,

Hibbardella apsida sp.nov.
Type specimen 50/3/BB213

Fig.7 Anterior view

Fig.8 Oral view

Fig.10 Posterior view.

Fig.11 Oblique anterior view.

Synprioniodina forsenta Stauffer 1940

Figs.9 and 10  74,/4/GB111, inner and ou‘er lateral views.

Subbryantodus subaequalis Higgins 1961

Fig.13 74/6/46259, 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 64/2/GB111, lateral view

Roundya subacoda (Gunnell 1931)

Fig.2 74/2/MG70, lateral view.
Fig.3 74/3/M6191, posterior view of large thickened
form.

Mestognathus biplutl Higgins 1961

Fig.4 59/4/1G69, oral view,

Figs.5,6 and 7 59/6/MG130, inner lateral, aboral and oral views.

Cavusanathus convexa Rexroad 1957

Figs.8 and 9  66/6/6G201, inner lateral and oral views.

Cavusgnathus middlehopensis sp.nov.

Type specimen 67/3/sW181

Fig.10 inner lateral view,
Fig.11 oral view
Fig.12

outer lateral/aboral view.
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PLATE 11

All figures x 44

Cavusgnathus navicula (Hinde 1900)

Fig.1 68/3/MF191, oral view of specimen with oral
trough infilled.

Fig.2 68/14/BB214, oral view.
Fig.3 68/5/BB213, inner lateral view showing large

posterior denticle of blade.

Cavusgnathus unicornis Youngquist and Miller 1949

FPigs. 5 and 6 68/1/GG211, oral and outer lateral views.

Fig.7 67/6/GG211, outer lateral view.

Cavusgnathus/Streptognathodus transitions

Fig.k 75/3/MF190, oral view
Fig.8 75/4/UF190, oral view
Fig.9 75/1/MF190, oral view,
Fig.10 75/1/MF190, oral/lateral view.

Streptognathodus unicornis Rexroad and Burton 1961

Fig.11 75/6/MF190, oral view,

Fig.12 75/2/MF190, oral view.

Gnathodus comnutatus (Branson and Mehl 1941)
Figda13 56/1/GB113, orel view

Figs.14 and 15 56/2/GB143, oral and aboral views.
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PLATE 12

A1l Figures Oral Views, x 41

Gnathodus homopunctatus Ziegler 1962

Fig.1
Fig.2
Fig.3

Fig.h

57/4/GB111
57/2/6B111
57/5/68117
57/3/6B1114

Gnathodus nodosus Bischoff var. nodosus

Fis.s
Pig.6

Pig.7

ri o Yt w0 o

1

é Fig.10
" Pig.11

Fig.9

Fig.13
"Fig.il

Fig.15

56/L/BB213
56/5/BB159
57/1/BB159

Gnathodus nodosus Bischoff var. radiolus nov.

Fig.8

56/6/BB159
68/6/BB159
69/1/8B159
69/2/BB159
69/u4/GG21L

Gnathodus confixus sp.nov.

T/ 6/MEAN

Type specimen, 78/2/MF191
61/L,/Mr192,
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PLATE 1

All Figures Oral Views, x L1

' Gnathodus confixus sp.nov.

Fig.1 77/5/MF1 91
Fig.2 78/1/MF191
Fig.3 78/3/MF1N

Gnathodus bilineatus (Roundy 1926)

Fig.h ’ 59/3/BB205
Fig.5 58/5/M6285
Fig.6 58/2/GB111
Fig.7 59/2/BB205
Fig.8 58/4/MG285
Fig.9 58/6/sW18.
Fig.10 59/1/sW18
Fig.13 58/3/6B109.

Gnathodus girtyl Hass var. sulcatus Higgins 1961 (in manuscript)

Fig.11 61/3/MF192
Fig.12 78/L/MF1 94
Fig ik 49/6/GB18

Fig.15 77/L/MF1 94
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All Figures Gnathodus girtyi Hass var, girtyl, x 41

Fig.1

Fig.2

Oral View:=

Fig.3
Flg.h
Fig.5
Fig.6
Fis.7‘
Fig.8
Fig.9
Fig.10
Fig.11
Fig.12
Fig.13
Fig.14
Fig.15
Fig.16

Flg.17

PLATE 1

79/2/68109,
55/3/GB109,

55/2/GB109
55/1/GB111
78/5/6GB111
79/1/6B1114
78/6/6B111
54/6/GB113
54/3/GB113
80/3/GB117
80/1/66217
79/3/M6130
79/5/66217
80/2/6G217
79/4,/BB206
79/6/66217
80/4/Mr191

outer lateral view

outer lateral view,

Form 1
Form 2
Form5
Formd
Formb
Form 9
Formi10
Form12
Form 12
Form 14
Form 16
Form 16
Form 18
Form 19

Form 20
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