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ABSTRACT

Iocalities and conodont faunas in’the Torqnay reglon are described,
and. the latter’are assessed in terms of standard European Devonian .conodont
zonafions, demonstrating that many of the divisions from the Middle Devonian‘
partitus Zone'to the Upper Devonian Ag.. triangularis Zone are represented
here. The stratigraphical history‘ofithezarea (that is, that of the Torquay '
" Limestone Group) is then discussed in the 1light of this information. The
nconodont associations show that deposition of the Daddyhole Limestone, the

oldest member of the Group, began in the early Eifellan (lower partinus Zone)
and continued into the early Givetian (npper ensensis Zone), but was
interrupted by two deeper water, transgressive episodes in the c.costatus
and low—mid ensensis Zones respectively; volcanic activity was assoclated
| wifn the first of these events, Accumulation of the massive, stromatoporoid,
-reefal limestones of the succeeding Walls'Hill_Formation began in the early
Givetian (upper ensensis Zone) and, following a further deeper.water and
’partly-volcanic epilsode, a second cycle of reef development occurred in the
mid Glvetian lower varcus Subzone. Both phases of reef growth produced some‘
» degree of facies differentiation. Regression of the reef began in mid-late
Givetian times, and the massive bioclastic Barton Iimestone capped the
subsiding reef, with localised concentrations of shells (Iummaton Shell Bed
Member) developing in the basal parts of this formatlon around the Lower-
Middleiggrgg§ suozonal boundary. Accumulation of the Barton Limestone
continued from the Middle varcus Subzone to the mid Frasnlan Lower
eszmmetricus Zone, when the environment deepened and brought about the
transition to the Babbacombe Slates. Some area(s) may have formed local _
topographical highg from.the mid Glvetlan to the mid-late Frasnian, undergoing
dissolution towards the end of this interval, but these area(s) subsided in
the late.Frasnian Ag. triangularis Zone and deeper water conditions then

prevalled throughout the Torquay district. The deep water ostracod-slate
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facies became established and continued %nto the late Famennian, when
there'was'again volcanic activity. |

Comparable limestone developments elsewhere in South-east Devon
and in Plymouth are‘discussed, ané previous work on the geology of the
Tdrquay region, onIDevbnian conodont zonations and on Devonian - conodonts
in South-west England is reviewed. The Torguay cdnodonts are given a
detalled systematic treatment, largely in terms of a form taxonomy. Some
fifty-five téxa aie'identified in the-faunas, representative of the
ancyrodellids, ieriodiads, palmatolepids:“bolygnathids, schmidtognathids
~and spathognathodids: these are described and illustrated on twenty élates.
Detalls of the individual localities #nd'conodont'faunas are to be found

in the Appendix.

»
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CHAPTER 1.

INTRODUCTION AND TECHNIQUES

Introductidn

The Torquay area is geologically complex, made especially so by the
extent of structural dislocation suffered during the,Variscan (Hercynian)"
orogeny, when the Devonian strata were.subjected to a considerable amount of
folding, faultiné and thrusting. As a result, the overall pattern of Middle
and Upper Devonian outcrop is now'one of structurally isolated blocks, with
'Lower Devonian Meadfoot Beds and Staddon Grits developed in fhe core of the
promontory. Correlation across the district is hampered by the tectonic
complexity, there being generélly little recognisable continuity of succession
between the blocks, and is made difficult also by the bullt-up nature of the
iniand parts of the town, although coastal exposure is good. The purpose of
this research was to contribute towards the elucidation of the complex
geological history of the Torquay area, By establishing a conodont
biostratigraphy for the Middle and Upper Devonian limestones and(associated

sediments.

) Calcaréoué horizons more or less throughout the promontory were
sampled for conodonts (célcaréous lithologies being most responsive to the
processing techniques), and the faunas so produced were assessed in terms of
Middle and Upper Devonian conodont zonations established in mainland Eérope,

especially by reference to German zonal schemes. The Torquay conddont

assoclations are representative of many of the divisions from the Middle

Devonian partitus Zone to the Upper Devonian Ag. triangularis Zone, and show .
that the main period of limestone development here spans an inter&al from the
early Eifelian td the mid Frasnian, with further calcareous horizons forming
in the 1até Frasnian. They provide timings also for other events, such as
deeper water, transgressive episodes, during the Middle and Upper Devonian.

In the following pages, previous work on the geology of the



Torquay district, on Devonian conodont zonations, and on Devoﬁian conodonts

in South-west England is reviewed,.followed by a descriptionfof the Toiquay
localities and conodont faunas, and an assessment of.their ages. The
stratigraphiéal history of the area is outlined in the light of the COnodont'
information and, in the concluding chapter, comparable limestone developments
elsewhere in South-east Devon and in Plymouth are briefly discussed. The
conodonts are given a fairly detailed‘systematic treatmeﬁt, and representative
" specimens are illustrated on Plates 1-20. Details of the localities and
conodont associations are to be found in the Appendix.

Abbreviations used throughout the text include: A. = Ancyrodella,

Ag. = Ancyrognathus, E. = Eognathodus, I. = Icriodus, K. = Klapperina,
0. = Ozarkodina, Pa. = Palmatolepis, Pand. = Pandorinellina,
Pel. = Pelekysgnathus, Po. = Polygnathus, Sch. = Schmidtognathus,

;”= Spathognathodus, T. = Tortodus.

g

Techniques

"The qonodonts were extracted by a standard method described by, for
ekample, Hass (1962) and Collinson (1963). A known weight (usually 0.5 kg) gﬁ
each collected sample of iimestone or calcareous shale was thorbughiy washed
to.minimise the poséibility of contémination, and placed in a bucket to which
7 litres of 12 % acetic acid were added. Ilarge limestone blocks were generally
: mechdnically broken into smaller, walnut-sized pieces to facilitate the acid
digestion process.. When thé calcareous matrix of the rock was digested (about
10 to 15 days), the contents of the bucket were passed through a 16 mesh
(1000 microns) sieve, collected in a 150 mesh (100 microns) sieve, and
thoroughly washed. The coarse mate;iél was examined and discarded, while the
fine residue was dried and then separated in 1,1,2,2 tetrabromoethane, diluted
with acetone to a density of 2.75 (calcite just floats). The heavy liquid and

residue were poured, in turn, into a separating funnel, well mixed, and left

for several hours to achievevas clean a separation as possible. The heavy



fraction and any particles in suspension were then collected, thoroughly‘
washed with acetone and driéd; the light fraction was treated in a similar
manner. The former portion, if large, was further concentraied by use of
the electromaénetic separator, which removes the Fe-dolomite, but no method
was found for removing pyrite, which wa.s abundant in some Saﬁplés. The
heavy material was picked under a binocular microsébpe and all‘conodonts,
whether;complete or incomplete, were extracted, together with any other
‘microfauna such as ostracods, foxﬁmhﬁiéra, fish teeth and tentaculitids. It
was sometimes subsequently possible to ﬁ;tch—up broken conodont fragments.
The light fraction was also briefly examined, and occasionally yielded
additional microfaunal elements.v |

Conodonts were photographed on the S.E.M. (Cambridge S600).
Specimens selected for photography were mounfed ona 12.5 mm diameter
aiﬁﬁiniﬁm stub using a mounting-medium of Kodaflat and acetone (mixed 1:1),
and then sputter-coated with gold for good conducgivity. It was found that
the most satisfactory, smoothest background was ééhieved if the stub was
first given a high degrée of polish. Conodoﬂts were arranged aroﬁnd the
perimeter of thé stub in ah antero-postero, "nose-to-tail" manner, ensuring
fhat none .impeded the view. of any other, and in such a way that all oral views
coﬁia be systematically taken with the stub at minimum tilt, followéd by all
lateral views, if required, at maximum tiit. Specimens were remounted if
the aborgl view wds'needed. An S.E.M, setting of ?.5)kv was used for the
majority of photographs, which were taken on standard film. |

in total, about 300 kg of célcareous sediménts, predominantly
'llimestones, were processed for conodonts, represented in 243 samples. Of
these, 90 were barren, while the majofity (111 samples) yielded between 1
.and 20 conodonts/kg. The remaining 42 samples produced larger faunas, the
maximum yield being 142 conodonts/kg. Generally, the most productive
lithologies were medium grey'or grey-red, bioclastic and crinoidal limeétones,

while shaly, crinoidal lithologies were also sometimes fairly productive.- In



the Upper Devonian, as developed in the Petit Tor area, red slaty limestones,
calcareous mudstones and nodular limestones occasionally yielded moderately
large faunas., Pale.grey, fine grained, sometimes flinty limestones and,

especially in the Eifelian, dark, fine grained limestones tended to be

barren of conodonts.



. CHAPTER 2.

HISTORY OF PREVIOUS RESEARCH ON THE GEOLOGY OF THE TORQUAY AREA

Before 1950-

The first detailed.account of the area was written by De la Beohe
(1829), who studied the geology of the Tor and Babbacombe Bays. He recognised
that the limestones were bedded and fOSsillferous, and noted that "the most
_abundant organic remains are encrinites and corals". However, on palaeontological
evidence he assigned the limestones to a Carboniferous age (De la Beche 1829,
D.163; 1839, p.146).

A more extensive examination of the geology of South-east Devon was
‘undertaken by Austen (1842), which was cocsidered by Lloyd (1933, p.12) to be .
the foundation of all subsequent work in the area. Austen divided the strata
T "subjacent to the carbonaceous deposits" into five, the highest division being '
the coral limestones'of the Newton, Barton and Torquay regions. ﬁe listed
fossils found in Newton [Newton Abbot] Quarry and, having noted their
similarity to faunas from Barton and Babbacombe, concluded that the localities A
were contemporaneous. |

At this time one of the most important efents in the elucidation of
the ‘geology of South-west England occurred. . This was the recognition and
establishment of the Devonian System by Sedgwick and Murchison in 1839, which
resulted in the rocks of the Torquay area being placed in their correct
stratigraphical position. Sedgwick and Murchison (1840, p.649-662) described
the geological succession of South Devon and proposed a five-fold division of the
strata. The limestones of Tor Bay, Babbacowbe Bay and Plymouth were placed in
the upper limestone unit of thelr second oldest division. Successions to the
north of Dartmoor were also described and compared with those to the south, -and
the authors realised that certain of their divisions could be recognised in both
areas. These observations led the writers to state that they believed the

successions of North and South Devon to belong to one formation, and thus the



-6 -

>name Devoﬁian was constituted for the pre-Carboniferous rocks of these areas,
the neﬁ system being aistinct from the Cambrian, Silurian and Carboniférous
systems (Sedgwick and Murchisoh_1840, p.689, 701-702). v

In the first partof this important work, Sedgwick and Murchison (1840,
p.656) wrote of the limestones of the Torquay area and noted the abundance of
cdrals therein,.and the preéénce of spiriferids, terebratulids and of “other
‘shells, bivalve and univalve". In their illustrations the authors included some

specimens from Torguay, but many more from Plymouth. Published with this paper

was an article by'Lonsdalé on the subject of the age of the South Devon limestones.

The work of this author is particularly important to the establishment of the
Devonian System, for it was he who firsfirealised that these strata were, on
fossil evidence, "of an intermediate age between the carboniferous and Silurian
sYstems, and consequently of an age of the o0ld red sandstone" (Lonsdale 1840,
D.727). This fact he communicated to Sedgwick and Murchison and, as they
acknowledged (Sedgwick and Murchison 1840, p.690), Lonsdale thus provided a
connecting link between the Silurian and Garﬂoniferous faunas., Lonsdale's paper
included a review of earlier opinions on the ;ge of the South Devon limestones,
and he also listed fossils from the region and indicated the ageFranges of the
various species. The catalogue incorporated material collected by Austen,
Sqwefﬁy and Phillips, and a few specimens were from Torquay localities.

One year after this brief but important palaeontological account by
Lonsdale, the first extensive study of the Palaeozoic fossils of South-west
England was published by Phillips (1841). He included descriptions and
1llustrations bf fossils collected both by himself and by other workers,
including Austen. Phillips (1841, p.142-158) gave a synopsis of the various
species and their geographical distiibutions,'and compared the Devonian faunas
- of South-west England with those of the Silurian and Carboniferous in Britain,
and with their European equivalents.. Many of the specimens mentioned were

collected from within the Torquay promontory and the localities briefly
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desdribed. The;limeétones of Torqﬁay wére included in Phillips' "“Plymouth
Group", one of his four divisions of the southern district of South-west England.

. The theme of British palaeontology received considerable attention
dﬁring the second half of the nineteenth century, with the publication of éeveral
Monographs in which Dévonian faunas were well represented. Torquay, Plymouth
and Newton Bushel [ Newton Abbot] were the main 1ocalitiés for British Devonian
corals studied by Edwards and Haime (1853). de Middle Devonian stromatoporoids
from Iummaton Quarry were illustrated in an examination of this group by
Nicholson (1886-1892, pls.l14, 20), and Torquay localities were mentioned in the
fossil descriptions in a study of trilobites froﬁ the British Cambrian, Silurian :
and Devonian by Salter (1864-1865), but fhe author figured'only one specimen
from the area, from the Lower Devonian of Meadsfoot [sic].

The Torquay promontory provided many Devonian brachiopods for an
extensive Monograph on this subject by Davidson (1864-1865). Whidborne, in the
Supplement to this work (David;on 1882-188%4, p.5-8), listed those specimens
which were from Iummaton and Hope's Nose, and gave details of the successlons
at the two localities.

Of particular importance to the study and recognition of the
palaeontology of this region remains the Monograph by Whidborne (1888-1907) on
the Dévonian faunas of South-west England, in which volumes one and two were
concefned exclusively with ILummaton, Wolborough, Chercombe Bridge and Chudleigh.
The fossils'from these localities, collected so assiduously by Whidborme, were
described and beautifuily‘illustrated. Lummateon énd Wolborough- were the source
of almost all the Middle Devonian examples, which lodalities'were recognised as
being "almost exactly upon the same horizon* (Whidborne op.cit., p.ii), and it
is surely because of this author's work that fhe faunas of these two places have
) become so well known, no other palaeontological record of the area either before
or since having been so extensive and thorough.

The étudy of aspects of the geology of South Devon led to a controver§y ’

which was not satisfactorily resolved for fifty years. The problem concerned-
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 the age of the limestones of Torquay and Plymouth relative to, respectively, the
Cockington and Staddon Grits. De la Beche (1829, p.164-165, 167) had observed
that the limestones of the Torquay area graded downtithrough interstratified
shales, into an ﬁnderlying "considerable.thickness of argillaceous shale".

'This relationship was apparent south of Meadfoot Sands where the author thought
the compact red saﬁdstone, seen below the argillaceous shale, to be equivalent’
to a simiiar lithology in the Cockington area, the Cockington Grits. Similarly,
Austen (1842, p.462-463, 468) hés correctly recognised the superpositionA;f the
Torquay limestones above arenaceous and slaty horizons, but he did not define

3

their relationship.

However, further examination of fhe slates seen to the north‘and south
of the limestones, particularly in the Plymouth area, caused De la Beche to
modify his views some ten years 1éter. In the Ggological Survey report on
South-west England (De la Beche 1839), the author thought there to be a normai,
southward younging sequence to the south of Dartmoor, in which the limestones
were overlain by slates followed by red sandsténes and slates: the latter were
contorted but traceable along the strike to Staddon Poinf. De la Beche was
unsure Qf the reiationship between the red sandstonés of Cockington and the

'limestbnes of Torquay, but since he feéognised the contemporaneity of the
limesténes of Torgquay and Plymouth, and of the grits of Cockingtoh and Staddon
(De 1a Beche 1839, p.76, 78 respectively), one may surely infer the superposition
of the Cookingtoﬁ Grits above the Torquay 1imestqnes, which is erroneous and
contrary to De la Beche's correct opinion of 1829. Sedgwick and Murchison

(1840, p.652) had considered their upper limestone group to be "fairly
interpolated between two great groups of slate rock", and believed the whole
sucéession in South Devon to young southward.

A further attemft at a classification of the stratigraphy of South
Devon was made by Holl, in which the possibility of an inverted anticlinal

_structure in the Plymouth area, an idea proposed by Jukes-Browne, was discussed

(Holl 1868, p.443-444), Holl favoured a succession similar to that put forward



by Sedgwick and Murchison. He presented a geological map which showed an
anticline in the Torquay area, in which the Cockington Grits were séparated'by
limestones from the Lower Devonian strata in the core of the promontery. The
last were placed in his Iower South Devon Group, while the Cockington Grits, and
also the Staddon Grits, were in his Upper South Devon Group.

| ‘The correct succession was eventually described nine‘years later by
Woodward (1877) as, in ascending order, Cockington red sandstone, slate and
1imeétone; This was, és the writer acknowledged, the sequence recognised some
fifty years before by De la Beche (1829).

Despite the solution to the problem of the age of the Cocklington Grits,
difficulties ensued. Champernowne (1878) accepted the succeséion proposed by
Woodward, and believed the arenaceous rocks of Cockington, and of the Warberry
and Lincqmbe Hills in Torquay, to be beneath the limestone. Unfortunately, he
was diésuaded from this opinion by Ussher (1884) who, because of independent |
work ih the Plymoﬁth area; assigned the Cockington Grits to the Upper Devonian.
It was not until 1890 that the age of these beds was irrefutably established.

In that year Whidborne's hitherto unrealised discovery of Lower Devonian fossils
from the Cockington Grits became known, through Ussher (1890, p.489, 497-499,
text-fig:i), and they were fhen firmly'and correctly placed in the Lower
Devonian. Whidborne's findings, from Saltein railway cutting, had been recorded
in Davidson (1882-1884, p.4-5).

The last quarter of the nineteenth century saw much detailed geological
work in the'Torquay area, a lot of it by Champernowne. This author was
responsible for several palaeontological records (e.g. Champernowne 1874, 1884).

; f
In the formmer work he noted the presence of Calceola sandalina at the base of

the limestone in Daddyhole Cove, and considered the sequence there to be
inverted, the coral being found always upside down. Champernowne examined other
aspects of the geology of Torgquay and of the éurrounding area. His study of

the Ashburtonviimestone is of note for placing these beds in their correct

stratigraphical position, equivalént to the limestones of Ogwell, Ipplepen



- 10 -

and’Dartingtoh (Champernowne 1881, p.ﬁlo). Previous authors had placed the
Ashburton strata.at too low a level, beneath the limestones of‘Torquay and
Flymouth, and with slates between thé two calcareous units (e.g. Austen 1842,
p.héz; Sedgwick aﬁd Murchisoh 1840, p.662; Holl 1868, p.426-427), |

’. - Champernowne left his field maps to the Geological Survey and they
bécame,the foundation of the subsequent ﬁo;k by Ussher ﬁho; after Champernowne's
»death, took'over,the task of elucidating the'cbmplex geological history of the
Torquay area. An extensive discussion of the geology of South-west England was
provi&ed by Ussher (1890), in which he reviewed the problems that had beset
‘himself and Champerhowne in their attempts to establish the age of the Cockington
Grits. . Ussher discusséd the sﬁccessions‘of South-east Devon,'iﬁcluding those

of the Torquay region, and gave broad lithological descriﬁtions of the lLower,
Middle and Upper Devonlan strata. He considered that the Lower-Middle boundary
could be defined palaeontologically, but that the Middle_-Uiner boundary could
not (Ussher 1890, p.492, 507), and listed fossils from localities in the area.
Much of this palaeontological material had been found in 1888, in which year
Ussher had shown the geology of North and South Devon to several important
Eﬁropean workers., This fieldvtrip had led one of the participants, Kayser, to

write of thelr findings, and to assign the thin bedded limestones of Hope's

Nose to tge German Calceolen-Kalk (Kayser 1889).

The work of Ussher culminated in the Geological Survey Memoir of thé
Torquay area (Ussher 1903). The Newton Abbot Memoir was also his work, in which
he presented faunal lists and lithologiéal déscriptions of Barton and Lummaton
Quarries, and indicated‘thdse spécies which were common both to these localities
and also to Wolborough Quarry (Uséher 1913, 'p.21-27). |

During the éa:ly-part of the twentiéth'century many geological
investigations were undertaken by Jukes-Browne. In 1906 he described the
stratigraphy of the area around Iummaton Quarry in some detail and-liéted the
fauna from this 1ocality; and in 1913 he compared a dark grey limestone facies,‘

recoided in the Torquay promontory, with equivalents around Dartington. His



- 11 -

other studies include physiOgrsphioal discources (Jukes-Browne 1907, 1912, 1914)
and again in 1914, this time with Newton, he described»Middle_Devonian fossils
found on the site of the Torquey‘Museum. This fauna had previously been thought
by Whidborne (1901) to be of Lower Devonien age.

In the 1920's diverse aspects of the geology of the Torquay area were
discussed by Shannon, 1nclud1ng palanntology and igneous petrology (Shannon - .
1921 1924 respectlvely) In 1928, in "a generalised survey of recent geological
work on the sedimentary and igneous rocks of S.E.Devon", the Torquay area
received particular attention from this author. He described the stratiérapny.
within the promontory and presented detailed large scale maps of several
localities, 1nclud1ng Redgate Beach Long Quarry Point and Hope 's Nose. Also
included were discussions of the igneous rocks and the geological structures,
accompanied by a tectonic map of the Torquay district with sections which showed
tectonic“featureSa Shannon attempted a zonation of'the’successions, in which
he divided the sediments on lithological grounds and on the nature and quantity
of insoluble mineral residues within them, rather than on palaeontological
evidenoe. He did indicate (Shannon 1928, p.113), however, tentative
palaeontological features by whicn different horizons might be distinguished.
This work 1s interesting because it was the first attempt to establish a ‘
detailed stratigraphy in the Torquay area, but Shannon's criteria were only
loosely defined and the dlfference between amounts of mineral residues were
not great. | »

The f£inal work to be published before the hiatus of World War Two was
the second edition of the Memoir of the Torquay area by Lloyd (1933). This was
an expansion and revision of Ussher's fundaﬁentally correct earlier appraisal
of the geology of this region. ILloyd expanded, particularly, the section’on the
Middle Devonian strats;and designated the lower parts of the succession Couvinian
‘and the upper parts Givetian. In a chapter entitled "Middle-Upper Devonisn"
he stated that, at certain localities, the‘"Givétian“ levels might embrace also |

massive limestones of Frasnian age, and that the boundary between the two was
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largely indefinable. This work includes a useful bibliography, an extended
version of the one given by Ussher (1903), and Shannon contributed a chapter on

the igneous rocks of the region.

After 1950

_ After the publication of the revised Memoir in 1933, little was

written aﬁout the geology of the Torquay area for almost thirty years.
. Subsequently many authors have etudied various aspects of this subject, working
towards an understandingvof fhe geology in both its local and regional context.

Elliott (1961) described a new alga from the Lummaton Shell Bed.- Thie
work also included an elegant study of both.the fauna, largely of brachiopods,
iand the matrix of the Shell Bed; which enabled the author to confirm earlier
~opinions as to its current-accumulated mode of fommation. Elliott further :
interpreted the“age of the Shell Bed by an assessment of the brachiopod evidence,
and provided a thorougb review of previous research on the locality.

The Lﬁmmaton Shell Bed featured in otﬁer palaeontological studies of
the area. In a discussion of the Devonian ammonoid successions of South-east
Devon and North Cornwall House (1963) wrote about both this, and other, Torquay
localities. He described and assessed the goniatite faunas in terms of the
standard ammonoid zones of the European Devonian, and showed that all the
classical German ammonoid Stufen had equivalents in South-west England. The
facies changes withih the gonlatite sequencee were also examined. In particular,
the author noted an importaht facies change between the Middle Devoniaﬁ limestones
of the Torquay area and, to_the west, the synchronous developments of the Padstow

area of North Cornwall, in which slates were dominant and limestones were just a

minor lithology. House observed also a majorlfacies change within the Upper

Devonian of South-west England. A condensed sequence of nodular limestones and
slates with nodules was described inland at Chudleigh, whereas in the Torquay - .;
region ostracod-bearing slates were developed. Both extended in ege from the end

of the Frasnlan into the Upper Famennian, and were considered t0 represent,
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respectively, the schwellen and becken facies recognised in the German Rhenish

Slate Mountains.

| One year later, the same author (House 1964) described a goniatite
fauna from Babbacombe Cliff in Torquay, and discussed the consequent implication .
of a structural inversion. Selwood (1966) referred to trilobites from Lummaton
Quarry in_a revision of certain forms from(the"British bevonian, and the coral |
faunas, mainly the Rugosa, of Torquay and elsewhere in South-east Devon have been
amply dealt with by Scrutton (1965, 1967, 1968, 1975, 1977a). The palaeontology
of the Torquay area, together with related published work, was reviewed and
summarised by House (in House and Selwood 1964). |

The geological structures of Torquay have been placed in a regional

setting in several accounts of the structures of South—west England. Dearman
(1963) discussed wrench-faults of Tertiary age in South Devon and Cornwall, and
illustféféd the effects of removing from the south-west peninsula the movement
which héd resulted. He calculated that a total Qextral displacement of twenty
one miles had occurred. The extensive faulting of the Middle Devonian exposures
betweén Brixham and Torquay was considered by Dearman to békmg'to the overall
wrench-fauit pattern, in which the faults trended mainly north-north-west. The
Sticklepath-Lustleiéh Fault was fhought to be one such dextral wrench-fault.
The last named distﬁrbance was examined by Blyth (1957), who recognised that the
Lustleigh Fault was, in fact, an extension to the south-east of the more northerly
Sticklepath.Fault. Both crossed the Dartmoor granite and caused comparable
displacements of the southern and northern mérgins respectively. Blyth observed
that, if the line of the Iustleigh Fault were prolonged further to the south-east,
it would meet the coast near Torquay, and ndted that Austen (1842, p.488) had
- ascribéd disturbances of the Permian outcrop ﬁear Tor Abbey Sands to a north-west
trending displacement. ’The structures of the Variscan fold-belt of South-west
England were the subject of a paper'ﬁy Sanderson and Dearman (1973), who recogniéed
twelve tectonic zones in the region. Torquay was at the eastern extremity of’

their Zone seven, which was characterised by north-north-west facing recumbent

folds.
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The structural geology of Torquay has received attention in a
rather more local context. For example, Vachell (1963) presented a brief
explanation of the'tectonic history of the area. He‘believed there to be
insufficient'evidenée for folds large enougb to‘have caused the apparent -
field relationships of the Lower and Middle Devonian strétafin.énd around
\Torquay, and suggested the idea of the Marldon-Beacon nappe: thié_was envisaged
as a major overthrust of Lower Devonian rocks, which had travelled a .
considerable distance nérth over a Middle Devonian basement. Tectonic and
volcanic aspects of the geoloéical history of the Torguay district were
discussed by Richter (1965),'who examined also structural and metamorphic
aspects in 1969, althoﬁgh observations in the later and more extensive account
were confined largely to the west and south of the region, around Berry Pomexroy,
Goodrington, Dartmouth and Brixham, Scrﬁttdn (1978b) analysed the structure and
stratigféﬁﬁyhof Babbacombe C1iff, previously discussed by House (1964)." Scrutton
interpreted the structure in the cliff as a recumbent anticline-syncline couple
which faced eést-north-east to north-east, and was thus consistent with the
overali structural trend iﬁ the Torquay promontory.

Recently, Shackleton et al. (1982) referred to the Torquay area in
an examin%tioﬁ and interpretation of Variscan structures throughout South-west
England. Thej thought that the Lower Devonian rocks shown on high ground on
Geological Sprvey naps of‘Torquay (Lloyd 1933) occupied a large open synform,
which was believed to be a second siructure because it folded cleavage'as well
as bedding, and proposed that the Lower Devonian strata formed a klippe.
Mention was made of recumbent folds and thrusts in the promontory, as described
"at Babbacombe Cliff by Scrutton (1978b), and!also of thrusts and related folds
with axial plane cleavage well exposed at Hope's Nose. With regard to the
overall structural de#elopment of South-east Dévon, they.took the view that
the simplest picture involved Jjust one major thrust in the Torﬁuay—Dartmouth

region together with several small imbricate'faults, the underlying folds

and thrusts in Torquay probably post-dating the major thrust.
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Discussions of the facies and environments of the Torquay area have
been incorporated into several studies. Dineley (1961) presented a review of
the‘Devoﬁian System of Devon and proposed a possible reconstruction of the
depositional environment of the Middle Devoniah carbonate comﬁlex of Tor Bay,
iﬁ/which ecological and sedimentological features of the limestones were
represented. He envisaged’a reef environment, now indiéated by’strohatoporoid
limestones, in which occasional pockets of shélls developed., Maésive lime-
stones formed behind thé réef, where subsidence was negligibie or siow, while
to the fore were thinner bedded marginal limestones which became progressively
more argillaceous as they went deeper into a more rapidly subsiding trough, in
which shales eventually became dominant.~ | )

| Braithwaite'(1967) made an analysis of Middle Devonian carbonate
environments in South Devon. He stated that the limestones "may have occupied
a discrété mérginal shelf or bank" but, in contrast with the model proposed by
Dineley, thought that struétures comparable with modern reefs never developed
(Braithwaite 1967, pf318). He had ﬁreviously examined the petrology of Middle
Devonian limestones in the same reglon (Braithwaite 1966). Locélitieé in the
Torquay area featured in both studies, and the later work included some useful
oﬁsérvations; although they were not placéd in a stratigraphical framework.

More recently, Scruttion (1977&, 197?b) ieconstructed, and discussed
variations within, facies in South-east Devon. In the latter paper hé proposed
1ithostratiéraphica1 subdivisions of the Torquay strata, described the limestone
successions both there and in the Lemon Valléy near Neﬁton Abbot, and assessed
the faunalvévidence, particularly that of the corais, for age determinations
within these sequences. The concept of the‘Tpr Bay Reef~Complex, comparable
with Devonlan reef-complexes known elsewhere in the world, was put forward to
explain’facies changes which he noted going iﬁland from the Torquay promontory.
In this carbonate development, Scrutton (1977b, p.183-187) envisaged the growth
of barrier-reefs along parts of the platform margin during Givetian timés, now

‘represented in Torguay by massive coral-stromatoporoid limestones, while a
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restricted enviromment existed behind and to the north-west, which produced

~ the characteristic back-reef facles successions of the Newton Abbot area. The
fore-reef facies was not observed,‘but was expected to be present on the sea-
floor of Tor Bay. This environmental reconstruction was an expansion of the
earlier model of facies relationships illustrated by Scrutton'(19?5, text-fig.
4y, in which dark, bedded limestones with a typical back-reef faunaiwere shown
developed behind, and to the north-north-west of, stromatoporoid banks, while
bioclasticvlimestones #ere deposited to the east and south in a deeﬁening
environment, -

The lithostraéigraphical sequence established by Scrutton (1977b)
in the Torquay area is important, and the various units are described and
discussed elsewhere, JHe called the whole succession‘the Torquay Limestone
Group .and the members are, in ascending order, the Daddyhole Limestone, the
Walls Hill Limestone and the Barton Limestone. ‘

The Tor Bay Reef-Complex featured also in a.field gulde to the
eastern part of South Devon by Scrutton (1978a, p.27-49). 1In this he described
the lithologies and faunas of localities in the Torquay promontory, in the
southern part of Tor Bay, and further inland, around Newtbn Abbot. The first
two areas‘illuétrated his marginal reef facles, the third his platform interior
facles. Further remarks on the nature of thé reef, with particular reference
to its development in the succession at Iong Quarry Point and to the variation

in stromatoporoid morphotypes therein, were recently made by Kershaw and

Riding (1980). |
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CHAPTER 3.

DEVONIAN CONODONT ZONATIONS

| Introduction

The European Middle Devonian is divided into the Eifelian and
Givetian stages, while the lower part of the Upper Devonian is most commonly‘
'deﬁoted by the name Frasnian, although the‘hames Adorfian and, in North
America, Senecan have also been used in a similar sense. In terms of thé
standard German ammonoid chronology, the Eifelian corresponds to the
Anarcestes Stufe (but see House 1979, p.267, 269), and the Givetian and

Frasnian are very approximately equivalent‘to the Maenioceras and Manticoceras

Stufen respectively. "The Belgian Couvinlian roughly parallels the Eifelian,
but at its base includes the highest part of the Emsian of German usage.
Importaﬁt“discussions of subdivisions and boundaries within the Devonian were
presented by House (1979) and Ziegler (1979). i
Attempts at establishing a conodont zonation of the Devonian were
initlated in North America, where Huddle (193%4) and Hass (1947) examined black
shale successions which included, in part, the Upper Devonian, but Europe was
the first major scene for the application of conodonts as biostratigraphical
tools. Such studies began in Germany in the early 1950's, and have since
continued both there and elsewheie in Europe, and also on a world-wide basis.
Particularl& of note among the early German workers were Blschoff, Wittekindt
and Ziegler (see full 1list in Ziegler 1971, P.229). Although many of the
divisions of the Middle Devonian zonatlions erected by Bischoff and'Ziegler
(1957) and by Wittekindt (1965) have now been supplanted, they were important
because of thelr general applicability throughout Europe, and because they
provided a framework against which zonal schemes proposed for other areas
could be compared. The Upper Devonian zonation established by Ziegler (1962b).
was especlally significant because, for the most part, it has been shown to be,

and remains, of mondial use.
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Various authors have reviewed the state of knowledge concerning
Devonian conodont zonations (for example: Klapper et g}.’1971; Orchardy1975a,
p.11-47; Klapper and Ziegler 1979), and the following discussion is confined
lqrgely to an acéount of the more recent developments. Relatioﬁships between
Buropean zonal schemes in past and present usage are indicated on Text-fig. i,
as are possible leféls forvthe various boundaries within the Devonian.

Lower part of Middle Devonian

(1). partitus to kockelianus Zones

Wofk in the type Eifelian area in Germany led Weddige (1977, p.336- |
346)'to propose a new zonal‘écheme for thie lower part of fhe Middle Devonian.,
This superseded £he earlier zonétion established by Wittekindt (1965) east of
the Rhine, defects in which were outlined by Klapper‘(in Klapper and Ziegler
1979, p;206). In ascending order, Weddige's divisions of the Eifelian were

the patulus (partim), c. costatus, kockelianus and ensensis (partim) Zones.

With regard to correlations between the zonation in the Eifelian Hills and the

area east of the Rhine, he placed the top of the Ballersbacher limestone

Text-fig. 1. Chart to show correlation of Middle and Upper (partim) Devonian
conodont zonations and successions in-Germanyvand Belgium, and poésible levels
for boundaries ﬁithin the Devonian. The two right-hand columns indicaﬁe ages
both of suCcessions from the Torquay area, and of Faunas 1-15 from Plymouth |
described by Orchard (19?8), in terms of the European zonal schemes. European
cérrelations, divisions and boundaries are based mainly on Wittekindt 19635,
Bultynck'1970, 1972, 1975, Ziegler 1971, 19;9, Mouravieff and Bouckaert 1973,
Bouckaert and Streel 1974, House and Ziegler 1977, Weddige 1977, Orchard 1978,
Weddige et al, 1975. The position of the dengieri Zone, as recognised in, for
example, North Amefica; is based on Klappér and Johnson 1980. Abbreviations

used are as in the main text, with the addition of bid. = bidentatus.
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(sensu strictd) at the boundary between his lower and upper portions of the

patulus Zone, while the Gunterdder limestone straddled the patulus-c. costatus

éonal boundary, and the Zwischenschichten roughly corresponded to the
kockelianus Zone (Weddige 1977, p.337, 340, 342, 351-354, table 4}. Goniatites
associated with these various horizons have been listed by, fof example,
Wittekindt (1965,,p.622-623) and Weddige (1977, p.337, 340, 342). The entire
patulus ane has now been divided into the patulus (restricted) and partitus
Zones in fhe Barrandian area of Czechoslovakla and in the Eifelian Hills,
because of the appearancevthere of Po. c. partitus in the upper part of the
interval (Klapper et al. 1978; Weddige et al. 1979), and the kockelianus Zone

is also now divided, into the australis and kockelianus (restricted) Zones

(See Klapper 1977, p.45, 47, text-figs. 2, 6). The lower limits of the

patulus (restricted), partitus, c. costatus and kockelianus (restricted) Zones

are all defined by the entries of the respective eponymous taxa.

With regard to the delimitation of the Lower-Middle‘Devohian
~boundary, Klapper et al. (1978, p.107-108) indicated that the three main
European contenders for this level were the lower boundary of the Couvinian
(Belgium), the Heisdorf-Iauch boundary (Germany), and the lower Chote¥
boundary (Barrandian), whiéh closely correspohded to the lower boundaries of the
patulus (restricted), Eartitus and c. costatus Zones respectively. Work in
the Barrandian (Klapper and Ziegler 1977; Klapper_gi al. 1978), in the ﬁifel
and Ardennes areas (Weddige et al. 1979), and in the Aragdn and Cantabrian
regions of Spain (Carls 1979; Garcia-Alcalde et al. 1979) resulted in the |
lower boundary of the partitus Zone belng choseﬁ as the series boundary of the

. !
_ Lower-Middle Devonian, and in the Wetteldorf Richtschnitt being recommended as

the boﬁndary stratotype (Ziegler et al. 1980). As thus placed, the boundary
lies a 1little below the Heisdorf-Lauch Jjunction, which is the historical lower
limit of the Eifelian. Weddige et al. (1979) attempted to correlate the

Helisdorf-Iauch boundar& with the type Couvinian area in Belgium and showed that,

" on conodont evidence, it corresponded to the interval between the 17 and 19
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. horizons in the Eau Noire Formation (Colb-c) in the Eau Noire section at
Couvin, and to a level near the 179m point in the same formation at St. Joseph,
which placements were supported by the occurrences of other fossil groups. The
Lower-Middle Devonian boundery presuma.bly falls slightly below these positions.
| In addition to their ldentification in Europe, the patulus

(unrestricted), c. costatus, australis and kockellanus Zones and their

equivalents have been variously recognised in North America (for example: New
York, Nevada),.Alaska; Australia and southern Morocco (Klapper in Klapper and
Ziegler 1979, p.206-207, text-figs. 3,4; Klapper and Johnson 1980, p.4dd-lhs,
tablee 7,8; Klapper 1981, p.59-60, text-fig. 1), and also in Malaysia (lane
et al. 1979, p.216-217, text-fig. 2). With reference to the‘recognition of
the subdi?isions of the patulus Zone (unrestricted) outside Europe, Po. c.
partitus is known in succession below the first appearance of Po. c. costatus
in eaet;eentral,Alaska and in Malaysia (Lane and Ormiston 1979, p.45,‘table 2c3 ’
Lane et al. 1979, p. 214-216 respectively), but because 23. c. patulus has not
yet been found below Po. g;'pertitﬁs in these regions the base of the partitus
Zone.cannot be identified with certainty.

Sequehees of informal faunal units have been implemented for lower
Middle Devonian and older strata in parts of.the North American continent and
elsewhere in the world, where European early Middle Devonian conodont zones do
“not work well (see Klapper 1977, p.34, 36 for discussion of the rationale behind
this aﬁproach). For example, Klapper (1971)'pIOPosed four faunal units for
correlations within the lower Middle Devonien of New York. The European
conodont zonation then in use was not applicable to the state, but it should be

\ .
noted that the patulus (unrestricted), c. costatus, kockelianus and possibly

also the australis divisions of the current zonal scheme have been recognised
there (Klapper 1981, P.59-60, te#t-fig. 1). Klapper (in Perry et al. 1974,
p.1065, text-fig., 4) further demonstrated that the Eifelian strata’of the
Ogilvie Mountains in the Yukon could be divided into a (lower) c. costatus

Faunal Unit and an (upper) pseudofoliatus Faunal Unit. Chatterton (1979,




ep.168—169) subsequently identified the latter subdivision in the North-west
Territories (District of Mackenzie) in Canada, just in the uppermost beds of
the Nehinni and, Hume Formations, and indicated that the former subdivision was
represented by the brief appearance of Po. c. costatus in a limestone unit
neneath the Funeral Formationv(525), and possibly also in the base of the same
formation at Whitteker Anticline (S18), He described the informal'pedderi and

curtigladius Faunal Units, which both occurred in the Headless Formation where

they overlapped in their upperAand lower parts respectively, and showed the two
divisions to be roughly equivalent to an interval which extended from a little
above the base to the top of the c. costatus Faunal Unit, and questionebly into

the lower part of the pseudofoliatus Faunal Unit (Chatterton 1979, p.168-169,

180-181, text-fig. 3, tables 9-11). Uyeno (1979, p.236,}238, text-fig. 2, table

‘1) reported similar faunal units from the Powell Creek area in the Mackenkie

District, where he found the Pelekysgnafhus pedderi-Polygnathus parawebbi (early

form) and Pérapolygnathus angusticostatus-Polygnathus curtigladius Faunal Units

in the middle and upper parts of the Hume Formation respectively. Although
correlation between the Middle Devonian succe531ons of the North—west

: Territories and the standard conodont zonations was made difficult by the
pronounced faunal differences, Klapper (in Klapper and Ziegler 1979, p.ZO?, text~
fig. 4) indicated that the pedderi Faunal Unit might equate with the australis

Zone as developed in Nevada, on the basis of the lowest occurrence of Po.

parawebbi in the former division, and that the presence of go. angusticostatus

(with Po. pseudofoliatus) in the curtigladius Faunal Unit in the upper Hume

Formation at Powell Creek (as recorded by Uyeno 1979) suggested an age no
younger than the lower part of the ensensis Zone. He consequently depicted the

~ curtigladius and pseudofoliatus Faunal Units straddling the australis-

kockellanus and kockelianus-ensensis zonel boundaries respectively. The

occurrences of the c. costatus Faunal Unit both in the North-west Territories
- and in the Yukon were taken to represent equivalence with the c. costatus Zone -

.(Klapper in Klapper and Ziegler 1979, p.207, text-fig. 4; Klapper and Johnson
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| InvAustralia, sequences of faunal units have been proposed by
Peddér et al. (1970) in the Middle Devonian Timor Limestone in New South
.Wales, and by Telford (1975) in the Lower and Middle Devonian successions of
the Broken River Embayment in North Queensland. Fordham (1976) attempted to
relate parts of Telford's scheme to beds in the Nogoa Anticline in Central
Queensland, while, in the Frome Mountain Limestone of New South Wales, Pickett
(1978)‘recogniéed the‘g. costatus Faunal Unit described by Klapper (in Perry
lgj al. 1974) in the Yukon, as well as Klapper's two preceeding divisions;
Klapper and Johnson (1980, p.4bs, 445, tables 7, 8) indicated that an
equivalent of the patulus Zone (unrestricted) was present>iﬁ Central
Queensland (after Fordham 1976), and that e@uivalents\of the australis and
kockelianus Zones occurred in the.Timor Limestone of New South Wales (after
Pedde£ g}lg}. 1970) .  The kockelianus Zone was represented also in the Moore

Creek Limestone of the last state (after Philip 1966).

Upper part of Middle Devonian, and the Middle-Upper Devonian boundary
(1). ensensis Zone
The ensensis Zone, initially suggested by Ziegler et al. (1976, p.

114), was formally introduced by Weddige (1977, p.344-346) for the interval

represented by the eiflius and (partim) robusticostatus Zones of Wittekindt

(1965), and by the obliquimarginatus Zone of Ziegler (1971, p.257). The last

division had itself been proposed to replace the aforementioned zones of
Wittekindt (see discussion by Ziegler loc. gif.,.and Ziegler et al. 1976,
p.114), but, as reported by Ziegler et al. 2l93. cit.), the zonal taxon proved
to have a lower stratigraphiéal range than was previously thought, being
recognlsed in fhe exposed top of the Ense limestone at Blauer Bruch, which

was believed to be of Eifelian agé. They remarked on ancmallies apparent in the
distribution of species of Icriodus (seé below), and indicated that species of

. Polygnathus, which had a more widespread geographical occurrence, might provide



" a more reliable basis for zonation. They were of the opinion that the
appearance of Po. X. ensensls above the kockelianus Zone could be more

significant than that of g: obliquimarginatus: Eg. X ensensis was a faunal

‘assoclate of the icriodid at Blauer Bruch, and occurred also throughout the
exposed Ense limestone at the locality. With regard to the anomalous

distributional pa{terns within Icriodus, Ziegler et al. (1976, p.115)

illustrafed these with parﬁicular reference to I. 1. latericrescens. They
nofed that the taxon was found only relatively rarely in Europe, #here it was
restricted to a short interval within thé varcus Zone’(g.vz.);'whilst |
abundant occurrences of the subspecles in eastern North Aﬁerica showed that

‘ theré it had a longer time span, ranging‘from below the varcus Zone into the

hermanni-cristatus Zone. They observed that the form had not been recorded

in Cord;lleran North America or in Australia: this remains the case.
| Weddige (1977, p.344, 345, 361-362, tables 4, 5) defined the lower é
and upper limits pf the ensensis Zone by the first appearances of Po. X.
ensgnsis and Po. timorensis respectively, and depicted the gzone épanning the
Ahbach~-Loogh boundary, which is the Eifelian-Givetian boundary in the type
Eifelian area. With regard‘tq the’correlat;on of this level with the
Couvinian~Givetian boundary as recognised in the Couvin district of the
Belgian Ardennes, Zieglei (1979, p.37) thought that the conodont and macro-
faunal evidence in Belgium suggested that the Ahbach-ILoogh boundary might lie
slightly below the C02d/Gi limit. In the eastern part of the Rhenish Slate

Mountains, the Oderhiuser limestone with Cabrleroceras crispiforme, a typical

early Givetian ammonoid according to Erben ?nd Zagora (1968), has traditionally
been taken as the baée_of the Givetian, but Weddige (1977, p. 354-355, tables
4, 20) referred the conodont-associations from this horizon to the lower (late
Eifelian) portion éf the ensensis Zone, while the lowei levels of the discoides
limestone were correlated wifh the highér (early Givetian) part of the same
zone. House (1979, p.270) remarked that the ammonold faqna of the dlscoides

“"l1imestone, with Sellagoniatites discoides, might belong either in the
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" Maenioceras terebratum Zone or in a succeeding division.

Klapper and Johnson (1980, p.445, table 9) showed thati ihe gﬁgggﬁéﬁ
Zone and its equivalents had been identified in North America (Nevada, Chtic).
in the North-west Territories of Canada, and in Europe (Eifelian Hille, Frenlil:
Slate Mountains, South-west England; also in the Ardennes accofding to Yeddige
1977, .357-358, table b). Iane et al. (1979, p.217, text-fig. 2) resied
the zone in Malaysia, while Klapper (1981, f.61, text-fig. 2) thought xhat LA

interval might be represented in New York by the presence of I. l.

latericrescens in the Skaneateles Formation, because the overlying Centeryizid

Member, at the base of the Ludlowville Formation, had produced the lowest
evidence in the state for the varcus Zone. He thought that support for the
interpretation was provided by the macrofaunal correléfion of the Skareatsles
with thehupper Silica Shale in northwestern Ohio, because the conodont.
assoclations from the middle and upper limestones of the Silica inclu&ed I.1.

latericrescens, I. obliquimarginatus and I. arkonensis, and Weddige (1577) had

shown the lowest occurrences of the last two taxa to be in the ensensis Zone.

(i1). varcus Zone

.. This zone was introduced as the varcus Subzone Ly BEischoff and
Ziegler (1957) in the "Obere Stringocephaleﬁ Stufe" of the Rhenish Slate
Mountains, where it was the lowest in a series of flve such subdivisions
which extended from the upper Middle Devonian into the Upper Devonian. The
subzone was raised éo zonal status by Ziegler (1962b, p.16), and subsequently
modified by him such that the lower boundarx was defined by the first abundant
occurrence of Po. ggggg§, the upper boundary by the first appearance of Sch.
hermanni (Ziegler 1971, p.258). He recognised that ‘the division then
corresponded to the Upper Givetian, and coincided with the higher part of the

range of Maenioceras terebratum and species of Agoniatites, while more recent

work by House and Ziegler (1977) has shown that the highest pcrilon of ihe zone

University
Library
Hull

‘may be as young as lowest Upper Devonian in age (see below).
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With reéard to attempts at subdividing the varcus Zone, Ziegler

(1971, p.258, 259) reported that, in the Rhenish Slate Mountains, the joint

occurrehce'of‘Ancyrognathus walliseri and I. 1. latericrescens proﬁided a
medial subdivision of the interval, because the two forms were found togéther

at a specialjlevel, the Terebratula pumilio bed, throughout the region. This

subdivisibn was siﬁilar to, althbugh it extended lower théﬁ; the walliseri
horizon of Wittekindt (1965); but is probabl& not applicable outside the
Rhine area (see Ziegler et al. 1976, p.112-113). Wittekindt (1965, p.628,
tabie 1) had proposéd also the transversus Zone above the varcus Zone, based
on the appearance of Po. l.itransversus, but the idea was rejected by Ziegler
(1965b; 1971, p.258)‘on the grounds that this Subspecies indicated, in fact,
the upper part of the iatter interval. | |

. An important revision of the varcus Zone was uﬁdertaken bj Ziegler
et g}f'(1976), who examined faunas of this age from Europe and North Aﬁerica.
The wérk included a comprehensive discussion of previous usages of the concept
. (Zieglér et al. 1976, p.110, 112). Tﬁéy maintained the upper boundary of the

) .
zone at the entry of Sch. hermanni, but redefined the lower boundary by the

first appearancé of Po. timorensis, and proposed a tripartite subzonai
division. The Lower, Middle and Upﬁer Subzqnes were characterised by the first
occurrences of Po. timorensié, Po. ansatus and Po. latifossatus respectively,
the base of the oldest gnit being coincident with that of the entlre zone. 3
The section in the Flinzkalk at Koppen was chosen as the main reference
seguence fof the new divisions, while, elsewhere in Geimany, the Lower varcus
Subzone was recognised in the lower part ofithe discoides limestone, which
fofmation contained'élso.tﬁ; upper boundary of the gégggé Zone at such
sections as Bicken, Rhenert and Syring (Ziegler et al. 1976, p.112-114, 116,
tables ?;12, text—figs. 2-4).

The varcus Zone has been‘ideﬁtified on a mondial basis (see Ziegler

et al. 1976, p.112), and the subzonal scheme is also of widespread application.

Outside Germany, the Lower and/or Middle varcus Subzones have been recognised
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in North America (Névada, Kentucky~Indiana, Iowa, New York), Canada
(North—wgst Territories, South-west Manitoba), Australia (Timor Limestone
of New South Wales), South-west England and southern Morocco, while the Upper
varcus Subzone has been found in. the last regiﬁn, in Spain, and in New.York
State (Ziegler et al. 1976, p.113-114; Klapper and Johnson 1980, p.445—ﬁ46,
tables 10,‘11).4'I£"is worthy of note that all three units are present in New
York (Zieglér et al. loc. Eii.;Klapper and thnson~122.ngii.; Klapper 1981,
p.6i—63, text-fig. 2).‘ In thé Givet distfict of Belgium, the varcus Zone
(sensu Zieéler 1971) is represented by an interval from a little above the
base of Gid in the Mont d'Haurs Formation, through into the Lower Member
(Fia)’of the Assise de Fromelennes (Bultynck 1972, 1975; Bouckaert and Streel
1974; see also House ahd Ziegler 1977, p.90). The individual subzones have
not yet Peen positively identified in this area, but the last appearance of

Po. pseudofoliatus in the lowest sample from the Assise de Fromelennes

(Bultynck 1975, text-figs. 2, 5: sample 6) indicates that this level may be

close to the Lower-Middle varcus subzonal boundary (see Ziegler in Klapper

and Ziegler 1979, text-fig. 5 for age range of Po. pseudofoliaﬁus)}

(iii). hermanni-cristatus Zone

This zone was established by Ziegler (1965b), and represents the

life span of the gehus Schmidtognathus in the absence of the wilde-platformed

polygnathids, such as Po. asymmetricus. Informal lower and upper divisions

were suggested: the lower limit of the former unit was placed at the entry of

. 8ch. hermanni, while the appearance of such forms as Sch. pietzneri, Sch.

{
wittekindti, Po. cristatus and Po, ordinatus characterised the base of the

latter (Ziegler 1971, chart 3).

The hermanni-cristatus Zone is assoclated with the contentious issue

of the Middle-Upper Devonian boundary, on which subject much has been written
(for example: McLaren 1970; Orchard 1975a, p.40-45; House 1973, 1975, 1977;

Ziegler 1971, 1979; House and Ziegler 1977). The main problem.lies in the
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- féct that the base of the Upper Devonian in Germany (that is, the base of the -
Manticoceras Stufe) has traditionally been defined‘by the first occurrence of

Pharciceras lunulicosta, but no goniatites have been found in the Assise de

Fromelennes, the base of which, since 1952, has been taken as the base of the
Frasnian in Belgium (see discussion by House and Ziegler 1977, 2.89). When

Ziegler first proposed the hermanni-cristatus Zone, in 1965, there appeared

to be a gap in the ammonoid record between the ranges of the characteristic

Middle Devonian form Maenioceras terebratum and the early Upper Devonian P.

1unﬁlicosta.. He placed a preliminary Middle-Upper Devonian boundary at the

- base of the upper portion of his new zone, immediately above the highest
occurrence of the former goniatite and somewhat below the (then) lowest record
of the latter. Information on the relative alignment 6f the conodont and
ammonoid zonal scales was subsequently provided by the much reduced succession
at Maffééberg near Adbrf (now Dieﬁelsee), the type section of the German lower
Upper Devonian. Goniatite cdllections fiom this important iocality demonstra-

ted the assoclation of Pharciceras and Synpharciceras with the upper part of

the hermanhi-criétatus Zone, and of Maenioceras with the varcus Zone (Kullmann
and Ziegler 1970), ﬁhich led these authors to maiktain that the Middle-Upper
Devoniaq boundary could be drawn at the base of the upper part of the former
division. However, House (1973, p.8-9; see also House and Ziegler 1977, p.88-
89) observed that, even with the new evidence, the boundary could still, in
fact, lie aﬁywhere in an interval from within the higher part of the varcus

Zone, through the lower portion of the hermanni-cristatus Zone, and even to

within the lowest part of the upper portion of the hermanni-cristatus Zone.

He favoured the oldest of these possibiliti;s{

More recent work at Martenberg by House and Ziegler (1977) produced
a significant réaSsessment and refinement of’the ammonoid and conodont para- -
chronologies, and is especially pertinent to the definition of the Middle-
Upper Devonian boundary. Individual beds in several profiles were éampled

for conodonts in order that they might be related to the conodont zonal scheme,
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-and goniatite faunas from the same horizons were also appralsed. The detailed
collecting programme enabled the writers to show that conodonts of both the

lower and upper portions of the hermanni-cristatus Zone were associated with

ammonoids characteristic of the lunulicosta Zone (doIx). They discussed the
impﬁcaﬁbns resulting from the revised alignment of the ammonoid and conodont
zonations for the international correlation of the Middle-Uppér Devonian
boundary; and indicated thét, while the new evidence from Martenberg
demonstrated the occufrence of lunulicosta Zone goniatites in beds of Lower

~hermanni-cristatus Subzone age, there was still some ambliguity over the exact

position of the base of the lunulicosta Zone (that is, the traditional base
of the German Upper Devonian), which could fall either within the late varcus

Zone or in the earliest part of the Lower hermanni-cristatus Subzone. Support

for the former interpretaion was forthcoming from Morocco and New York, where
the junction between the ranges of Maenloceras spp. and Pharciceras spp.

appeared to be associated with the higher part of the varcus Zone, the

occurrence of Pharciceras (as P. amplexum) in the Moravia Bed of the Tully
Limeétone in New York being flanked above and below by horizons of Middle and
Upper varcus Subzone age respectively (House and Ziegler 1977, p.88-92, text-
figs. 3,4). They concluded with observations on the relative merits of three
possible candidates for the international correlation of the Middle—Upper .
Devonian boundary, namely the base of the lunulicosta Zone, the base of the

hermanni-cristatus Zone, and the base of the Lower asymmetricus Zone, the

boundary possibly falling as low as ﬁithin the late varcus Zone belng implicit
in selection of the first contender (House_and Ziégler 1977, p.92).' With
regard to Belgium, the presence of conodont‘faunas of varcus Zone age in the.
lower part of the Lower Member (Fla) of the Assise de Fromelennes (see above)
indicates that the base of the Frasnian here apparently lies in the late varcus

Zone (see discussion by House and Ziegler 1977, p.89-90, 92).
Klapper and Johnson (1980, p.413-414) formally recognised Ziegler's

lower and upper divisions of the hermanni-cristatus Zone as the Lower and
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Upper Subzoneé} The base of the lower unit was characterised’by the first

appearance of Sch. hermanni, the base of the upper by the first dccurrence
of Po. cristatus, in conformity with the earlier definition of the informal

subdivisions. The Lower and Upper hermanni-cristatus Subzones have both been

identified in the Rhenish Slate Mountains, Nevada and Iowa, while the Upper
Subzone - has been iecognised also‘in, for example, the Tully Limestone of New
York, in southern Morocco, in the Ramparts Formation of the Canadian North-
weét Territories, ana in the Marble Cliff Beds of North Cornwall (Klapper
and Johnson 1980; p.A45-446, table 11; Uyeno 1979, p.239, text-fig. 2;
Mouravieff 1977, in Scrutton 1978a, p.62, text-fig. 23). In Belgium, faunas

indicative of the hermanni-cristatus Zone occur in the Upper Member (Fic) of

the Assise de Fromelennes, although the individual subzones have not yet been

uhambiguously identified there (Bultynck 1975; see also House and Ziegler 1977,

p.90).

Upper Devonian

(1). Iowermost asymmetricus and younger Zones

The detailed conodont zonation of the Upper Devonian proposed by
Ziegler (1962b) has been applied throughout the northern hemisphere and in
Australia, and much of the scheme remains unsurpassed. A few minor |
nomenclatorial changes were described by Ziegler (1971, p.267-268).
Réfinementé and revisions in the Famennian part of the zonation, in the
rhomboidea and younger zones, have been introduced by, for example, Sandberg
and Ziegler (1973, 1979), who emphasised the‘recbgnition of biofacies
grouping by genera.: : i'

| With regard to the ionation within the lower part of the Upper

Devonian, discrepancies have become apparent between the exprgssion of the

Lowermost asymmetricus Zone in Europe and in North America, which interval

Ziegler (1971, p.267) defined by the occurrence of Po. asymmetricus in the

.- absence of A. rotundiloba. Klapper and Johnson (1980, p.414) noted that
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K. disparalveé, X. diSparilis (cited as Pa. disparalvea and Pa. disparilis
respectively), Po, dengleri, Po. caelatus and Po. pennatus charaéteristically

made their first.appearances in the Lowermost asymmétricus Zone in the Rhenish

Slate Mountains (that is, usually at the same time as, or above, that of Po.

asymmetricus), whereas the entry of Po. asymmetricus (as Eg._g; asymmetriéus) :

was well after the first océurrences of K. disparalvea, K. disparilis and Po.
dengleri in such areas of the North American continent as Nevada and the North~
'weét Territories. Th;y preferred to use the first appearances of fhe last
three species, together with, but less importantiy, that of Po. pennatus, for
correlating western North America with the Lowermost asymmetricus Zone in
Burope, and viewed Eg._i. asymmetricus as a late entrant in the former fegion.

The dengleri Zone was proposed as the North American equivalent of the

European Lowermost asymmetricus Zone, and was divided into a Lower and an

Upper Subzone, “the lower boundary of the former portion beilng defined by the
first occurrence of K.’disparilis, the same as for the entire zone, the lower
boundary of the latter by the entry of Po. norrisi, Associated taxa included

Po. dengleri, which first appeared in the Lower Subzone, and Po. a. asymmetricus

and Pand. EEEEE@ (formerly §£. insitus), which entered in the Upper Subzone in
western North Ameiica (that is, west of the transcontinental arch). Both sub;
zones were identified in Nevada, in the Powell Creek area of the North-west
Territories,‘in southern Morocco and probably in North Cornwall, while just
fhe lower sﬁbdiviéion was represented ih Indiana, and just the upper in Iowa
(see below), Alberta and southwestern Manitoba'(Klapper and Johnson 1980, p,
bil4-l15, L6, table 12). y
| As noted above, Pand. insita first appears in western North America
(for example, in Nevada) in the.Upper dengleri Subzone.‘ By extrapolation to
the eas£ and across the transcontinental arch, Klapper and Johnson (1980, p.
415) considered the insita facies [1§§1§é Fauna] as developed within the Cedar

Valley Formation of Iowa and Illinols to be, therefore, the presumed

correlative of the Upper dengleri Subzone of the western region. The éoncepf
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of the insita Fauna was informally introduced by Klapper et al. (1971, p.300),
who defined if as that fauna dominated by the name-giver in strata below the
first appearance of A. rotundiloba (all subspecies). In the North Américan
coﬁtinent the fauna has been identified in, for example, Missouri, Alberta

and Manitoba, as well as in Iowa and Illinois (Klapper et al. lgg. cit.;

Norris and Uyeno 1971). In Belgium, Bultynck (1975) recorded the insita

Fauna in the Upper Member (Fic) of the Assise de Fromelennes, and it is
fepresented at Ny, ;gain in Fic (Coen and Coen-Aubert 1971, p.17), and also

at Ave et Auffe (Bouckaert and Streel 1974, Excursion E, p.12). The fauna is
considered to be representative of a shallow water biofacies (Schumacher 1976),

and, while thought to be equivalent to the Upper hermanni-cristatus Subzone

and the Lowermost asyﬁmetricus Zone in its oldest part, is now believed to

occur throughout the asymmetricus Zone (see Ziegler in Klapper and Ziegler

1979, p.212). It should be noted that Johnson et al. (1980, p.97) largely

discounted the equivalence of the oldest portion of the insita Fauna with the

Upper hermahni—cristatus Subzone. They presented a discussion of the insita

Fauna (as the lgéiig biofacies) in a study of successions in the Antelope
Rﬁnge of central Nevada, and demonstrated the presence there of an early
morphptype of Pand. iggiig in a diverse fauna from a presumed off-shore
sequence. This was in contrast with the usual occurrénce of the species
elsewhere, in low diversity faunas from near-shore settings (Johnson et al.
1980, p.97, table 16: Collection V i450)f

With regérd to the alignment of the goniatife_and conodont zonal
scales in the lower part of the Upper Devon?an; House and Ziegler (1977)

showed that, at Adorf, the top of the Pharciceras lunulicosta Zone fell

within the asymmetricus Zone; although the Ix-Ig boundary (that is, the P.

lunulicosta-Manticoceras cordatum zonal boundary) coﬁld not be identified

precisely, while the Ig-Ix boundary léy higher than was previously believed
and in the Ag. triangularis Zone. Higher correlations were confirmed, such

as the placing of the I§-IS boundary (that is, the boundary of the M.
¢
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cordatum and Crickites holzapfeli Zones) within the gigas Zone. The situation

in Belgium was also discussed (House and Ziegler 1977, p.90, text-fig. 4). The

presence of the insita Fauna in the upper part of the Upper Member (Fié) of the

Assise de Fromelennes indicated equivalence with the Upper hermanni-cristatus

Subzone and/or Lowermost asymmétricus Zone, while the Base of 'the overlying
Assise de Frasnes (F2) dated from the Lower asymmetricus Zone (Bultynck 1975).
Mouravieff and Bouckéert (1973) reached a similar conclusion regarding:the age
of the lower Assise'de Frasnes (FZA—c), and thought that its upper portion
(F2e-i) correlated with the Middle asyﬁmetricus to Ag. triangularis Zones.

(The lower, middle and upper divisions of -the asymmetricus Zone in Belgium

were identified by A. rotundiloba,‘é: gigas and A. curvata respectivelj, as
indicated on Text-fig. 1 herein). House and Ziegler (1977, p.90) noted that
the Assise de Matagne was referable to the gigas Zone on the conodont evidence,

while the Schistes de Matagne correlated with the Crickites holzapfell Zone

(or doIs) on the gonlatite evidence, and remarked that the work of Bouckaert
et al. (1972) showed the Frasnian-Famennian boundary, usually taken at the base
of the Aséise dé‘Senzeilles in Belgium, to lie approximately in the Middle

- Pa. triangularis Zone.

) . The world-wide application of many of the Upper Devonian conodont
zones (that is, Lowernost asymmetricus and younger zones) may be illustrated
. by reference to, for exdmple, Ziegler (1971, p.264), Klapper et al. (1971,
p.300-311, text-figs. 3-6), Druce (1974, p.6-9, text-fig. 1), Iane et al.

(1979), Klapper and Johnson (1980, p. 446, tables 12, 13), and Klapper (1981,

p.63-65).
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CHAPTER 4.

PREVIOUS WORK ON DEVONIAN CONODONTS IN SOUTH-WEST ENGLAND

Thé first description of Devonian conodonts from South-west England
was presented by Dineley and Rhodes (1956) . Of their fifteen productive
samples one wastrom the TorQuay area, from Old Wood's Pit: the association
was quéstionablj assigned to an Upper Givgtian age, despite the presence of
the acknowledged Upper Givetian genus Ancxgodella. The authors observed that
the British faunas were "strikingly similar” to ones reported from Germany
and North America, and noted the occurrence of "Ordo;ician" forms sugh as
"Belodus" within their Devonian samples,'which they attributed to derivation
rather than to a possible extension of the stratigraphical range. They
maintained the same view ih the first systematic study pf British Devonian
conodonts (Rhodes and Dineley 1957a), in which matefial from a borehole at
Bishopsteignton was figured and described. These faunas were thought to be

of'Frasnian and Famennian age, but the presence of Spathognathodus brevis

rOZarkodina brevis] and representatives of the Polygnathus varcus group

suggests that the succession, at least in the lower part, may date from the
Middle Devonian. In the supplement to this work, ﬁhodes and Dineley (1957b)
recogﬂised that the age range of "Belodus" extended into the Devonian.

With regard to other records of conodonts from the Torgquay area
itself, Austin (1967) briefly mentioned a fauna, predominantly of icriodids,
from the Middle Devonian limestones at Hope's Nose, while Matthews (1970)
described and illustrated a Middle Devonian varcus Zone association from the
Iummaton Shell Bed. The latter work, és the author noted, did not clarify
the stratigraphical position of either the Shéll Bed or adjacent strata, but
was significant for indicating the potential of the area for conodont studies.
Faunas from Barton Quarry and Babbacombe Cliff were described by Castle (1977,

1978 respectively).

Several accounts have dealt with Devonian conodont faunas found
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inland from the Torguay promontory. House and Butchér (1962) reported a
Famennian fauna from Mount Pleasant at Chudleigh, and Riddolls (1970) noted
conodonts of a similar age from a borehole section near Newton Abbot. Again
near Chudleigh, Tucker and van Straaten (1970a) showed that, on the evidence
of Middle-Upper Devonian conodonts found therein, the Kiln Woods Beds were
equivalent in age to the Lower Dunscombe Goniatite Bed, and concluded that
the former had accumulated in a local deopening of the Chudleigh Schweile.

. The last.two workers examined also conodontsvfrom successions in
the southern part of Tor Ba&, and recorded Famennian specimens from Saltern
Cove, found in and around the famous Saltern Cove Goniatite Bed (Tucker and
yan Straaten 1970b). That tne age of ﬂﬁaconodonts within this horizon was at
variance with the Upper Frasnlan age of thebgoniatites was tentaiively ascribed
to the goniatites having been derivedﬁ However, van Straaten and Tuckef (1972)
subsequently recovered Upper Frasnian conodonts from the GOniatiteABed, which
accorded boin with the age of the ammonoids and also with the.ostracod
evidence. ﬁecause of sedimentological and sfructural relationships, they
concluded that the Goniatite Bed contained clasts of, and had been transported
in its entirety to within, Famennian sediments. - _

Elsewhere in South Devon, Smythe (1973) mentioned an ilcriodid fauna

of low Eifelian age from the Brixham limestone, but conodont records have
otherwise been concentrated largciy around Plymouth. Matthews.(1962)
described a Middle Devonian association fron Neal Point on the River Tamar,
while Orchard (1972, 1975a, 1975b, 1977, 1978; in Scrutton 1978a, P+53-56)
has thoroughly ekamined, and appraised the blostratigraphical significance
of, the faunas of the Plymouth area. The various findings of the latter
author are referred to and described elsewhers in the present study. Oxrchard
(19?9) was responsible also for the description of several assoclations of
varcus Zone age from the Ilfracombe Slates, in the first record of Devonian

conodonts from North Devon.

Various workers have reported Devonian faunas from Cornwall. For



- 36 -

example, Hendriks et al., (1971) and Sadler (1973) described Lower, Middle

and Uppef Devonian associatibns from the Roseland district of South Cornﬂéll,
while Whiteley (1981) recently demonstiated the occurrence of Upper Famennian
(and younger) éoﬁodonté in the Viverdon Down area, in the south-eastern paft
of the county. In North Cornwall the Padstow district is important for
conodont s}udies, where Kirchgasser (1970) first showed that the Trevose
Slates, Marble Cliff Beds and Longcarroﬁ Cove Tuffs and Slates represented

an interval about the Middle~-Upper Devonian boundary. These successions were
restudied by Mouravieff (19?7), who extended his observations to older and
younger horizons, and recorded several additional species. The last author
incorporated his results in Scrutton (19?8&, p.57-68), where they were presented
with detailed sections and diagrammatic representations of Marble Cliff
(Scrutton 1978a, text-figs. 23, 24). Elsewhere in North Cornwall, a detailed
analysis of phé conodont éssociations of the lLaunceston district was made by
Stewart (1981), who demonstrated the presence there of Famennian and early
Carboniferous faunas, and interpreted stratiéraphical and sedimentological

relationships in the area.



_37-

CHAPTER 5.

LOCALITIES AND CONODONT FAUNAS

Introduction

Localities and conodont faunas in the Torquay promontory are
described in terms of eightrAréas, shown on Text—fié. 2b. There is a variabie
extent of tectonic separation both between and within each Area, but |
‘continuous, albeit short, successions are recognised in several. The Areas
are presented in more or less stratigraphical order in the ensuing discussion,
and the lithologies and macrofaunas of the individual localities within each
are outlined, followed by a description'of the conodont associations and an
assessment of their age (and other) implications. Comparable faunas in the
Plymouth‘region,Adescribed by Orchard (1978), are mehtioned where appropriate.

v> Relationships between the Torquay successions, Orchard's Plymouth
faunas, and European zonal schemes (specifically those evaluated in Gérmany
and Belgium) are summarised on Text-fig. 1, while ages inferred for outcrops
‘in the Torquay district are indicated on Text-flg. 2a. Text-figs. 3-14 give
details of exposure and sample sites at the separate Torgquay localities.
é;gg;i tDaddyhole Cove, DH-1, 2; Triangle Point, TP—1—17, 20-28; Dyer's Quarry,
DY-1-4; Peaked'Tor Cove, PK~-1-4; Rock End Walk, RE-1-3; Vane Hill Road, VH-1, 2;
Hope's Nosé, HN-1-7, 10-13; Text-figs. b, 5). '

Daddyhole Cove (SX926628; Text-fig. 4) is excavated in grey-green
Eifelian shales, present in the core of a large anticline which is overturned
to the east-north-east. The shales'pass ﬁﬁwards into the Daddyhole'Limestone,
the base of which is placed at the base of tﬁe first liﬁestone band of the
4.5 m sequence of transitlonal beds seen in the cliffs on the western side of
‘the cove (8X92666277), on the rightway-up limb of the anticline (Scrutton
1977b, p.167). The transitional series comprises alterngtions of dark grey-

red limestones and calcareous shales, with a fauna of corals,. brachiopods,
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. bryozoa and crinoid ossicles (sometimes articuiated). Similar alternating
limestones‘and calcareous shales are.exposed at shore level in the north-
eastern corner of the cove (SX92716284), on the inverted limb of the fold.

The (inverted) lower horizons of the Daddyhole Limestone are seen on The Knoll
land‘in the Knoll Quarry above Triéngle Point, and on Triangle Point itself
(8%92786290, SX92796283, SX92856281 respectively; Text-fig. 4). The limestone
here is dark, well bedded and crinoidal, énd bears corals and stromatoporoids
with brachiopods, gastropods énd bryozoa . Stratigraphically lower units tend
to be thicker and more sparsely fossiliferous than higher levels, where some
horizons contain a rich fauna. Intercalations of dark shale appear in the
highest parts of the sﬁccession at the eaétern end of Triangle Point, and the
\1imestones are eventually succeeded by the shales exposed in the cliffs
immediately above the Point (SX92856284). A tuff band is associated with the
trénéi£ionlfrqm limestone to shale, and crops-out at SX92876284. Further
details of the Stratigraphy and macrofaunal assocliations in tﬁe Daddyhole

Cove-Triangle Point area were given by Scruttoﬁ (1977b, p.167-169; 1978a,
p.32-34).

The oldest conodont faunas in the Torquay promontory were recovered

from the alternations of limestones and calcareous shales in the north-eastern

T

corner of Daddyhole Cove (DH-1, 2). The samples produced the distinctive I.

| retrodepressus, representatives of which include the "typical" forms recorded

by Weddige (in Weddige et al. 1979, text-fig. 4) from within the lower part of
the Wolfenbach Member (Libra I-III) of the Lauch Formation. An age within,
but above the base of, the lower portion of the partitus Zone is indicated,

and is supported by the presence of Po. ;. bult cki in DH-1. By inference,

the underlying shales are no younger than lowest Eifelian in age.

I. retrodepfessus occurs again close to the base of the Daddyhole

Iimestone on the western side of The Knoll (TP-28), this time with I. c.

cornigér. Thereafter the latter taxon is commonly encountered throughout the

successions in The Knoll-Triangle Point area (TP-12, 14, 16, 17, 22, 26, 27),
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Wwhereas the occurrence of the former becomes sporadic and sparse (TP-12, 15,
16). Abundant specimens designated E. cf. b. montensis occur towards the
eastern end of Triangle Point in TP-12, in addition to the two icriodid taxa.
The age range of E. b, mohtensis'is restriéted to within the c¢. costatus Zone
in Germany, while I. c. corniger first appears there»in the Wolfenbach Member

(Libra II), in ‘the lower partitus Zone and towards the top of the short

interval occupied by I. retrodepressus, and ranges upwards into the lower c.
costatus Zone (Weddige 1977, tables 2, 5; in Weddige gi_gl. 1979, text-fig. 4).
The mutual association of I. c. corniger and E. cf. b. montensis in TP-12

suggests that this fauna dates from within the lower part of the c. costatus

Zone. The presence of I. retrodepressus in the same sample is not predicted
‘by the time span of this species in Germany, where‘it disappears considerably
before the c. costatus Zone (Weddige loc. 313;), but seems to be consistent
with its age range in Belgium where, together with the relevant assemblage
associates, the form is known from as high as Co2b (Bultynck 1972, text-fig.10;
see also Systematic Palaeontology herein). '

The pﬁesenée of thé last fauna in the stratigraphically higher
levels of the Daddyhole Limestone in the Daddyhole Cove-Triangle Point area
indicates that the successions here span an interval from within the lower
partitus Zone, through this division, and into the early parf of the c.
costatus Zone. Scrutton (1978a, p.34) noted that Triangle Point is thrown
down to the south relative to The Knoll by east—west»trending normal faults
and thought that, as a result, the western edge of the Point lay close to the |
base of the Daddyhole Limestone. If this is the case, almost all the Eértitus
Zone and the lower part of the c. coétatus'Zone would be represented by the
c.40 m thick succession of Triangle Point. Neither of the zonal subspecies
has been foun&,.polygnathids beiﬁg anyway rare throﬁghout Area i, and there
1s an absence also‘ofitaxa which enter either within the partitus or in the

lower c. costatus Zone (such as Po. zleglerianus, Po. robusticostatus,_gg. 1.

pinguls, O. bidentata: see Weddige 1977, table 2). Consequently, the
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partitus-c. costatus zonal boundary cannot be recognised. Faunas from the
western end of Triangle Point are inconclusive. Material referred to I. aff,

introlevatus occurs in TP-17, but this species is long ranging and is

consistent with an age elther in the partitus or c. costatus Zone.
In Plymouth, Faunas 1 and 2 correlate with the partitus and c.

costatus Zones respectively. The former grouping comprises the association -

of'z;.i. corniger and E:vretrodepressus (Dunstone Point, MB23), the latter
I. c. corniger with I. sp. A sensu ORCHAﬁD 1978 and Po. aff. porcillus
(Richmond Walk, RW39) (Orchard 1978, p.909, 913, text-fig. 2, table 1).
Neither of the last two forﬁs has»been found in the Torquay area.

According to Scrutton (1977b, f.169), the upper levels of the
Daddyhole Limestone are developed at Dyer's Quarry (SX92236277; Text-fig. 5b).
Corals are partiéﬁlailyiaﬁundant in the lower part of the succession at this
locality, although they become scarce in higher beds; thickets of fasiculate
Rugosa ére ékposed in growth position in the quarry floorbwhere they are
interbedded with ﬁorizons rich in solitary Rugosa, some of the.last forms
glso still standing in their position of growth (see Scrutton 1977b, p.169-
170;‘1978a, P.34-35 for full description of lithologiesiand macrofauna).
Conodonts are rare here and just a single specimen of E. cf. b. montensis was
ylelded by the dark, bedded, micritic and generally poorly fossiliferous lime-

stones in the back wall of the quarry, at about 4 m below the base of a

dlstinctive c.12 cm thick tuff band (DY-2). Both this form and I. c. corniger
occurred in the eastérn face of Peaked Tor Cove (SX92146285; Text-fig. 5b,
PK-i-b), in red-grey, rather shaly limestones which bear corals, brachiopods
and bryozoa in a crinoidal and shelly matrix, seen on both the lower (right-
way up) and upper (inverted) limbs of the faulted, overturned syncline. In

the absence of I. retrodepressus, the Dyer's Quarry and Peaked Tor Cove faunas

are judged to be younger than the youngest associations at Triangle Point,
alfhough they still date from within the c. costatus Zone. This supports
Scrutton's contention that the Daddyhole Limestone at Dyer's Quarry is

stratigraphically higher than that in the Trlangle Point district.
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Massive, coral-bearing limestones cropping-out in the cliff top fo
the east of Dyer's Quarry failed to produce diagnostic taxa (Rock End Waik,
$X92366276; Text-fig. 5b, RE-1-3), nor were any conodonts found ih dark,
bedded limestones seen in Vane Hill Road (SX92056330; Text-fig. Sa, VH-1, 2),
where the horizons resemble thosé exposed on TrianglevPoint in the presence
of several richly fossiliferbus levels. The various lithologies at Hope's |
Nose (SX947635; Text-fig. 50):were also largel& barren of conodonts, apart
- from two indeterminate.icriodids recovered from thin-bedded limestones at
SX94856349 (HN-11). The thin linestones are very fossiliferous and contain
~ brachiopods, corals, bryozoa, gastropods and trilobites, while the micro-
fauna includes ostracods and foraminifera in addition to conodonts (see

Scrutton 19775,‘p.170; 1978a, p.29-32 for a full description of Hope's Nose).

Aﬁgé;g (Redgate Beach, EB-1-19; long Quarry Point, LG-1-13; Babbacombe Road,
BR-1-9; Withy Point, WP-1; New Quarry, NQ-176; Ilsham District [Bishop's
Walk, BW-1; Ashton Terrace, AT-1; Kent's Cavern, KC-1; Ilsham Marine Drive,
iM—l,Z]; Anstey's Cove, AC-1; Text-figs. 6, 7). ‘

Successions at Redgate Beach and Long Quarry Point (SX935649 and
SX9?765O respectively; Text-fig. 6) were described by Scrutton (1977b, p.171-
1?2} 1978a, p.35-37). The top of the Daddthle Limestone is exposed at the
base of the sea cliffs at fhe northern end of Redgate Beach (SX93576497),
where it is represented by about 10 m of.dark, bedded, crinoidal limestones,
with dark argillaceous bands and partiﬁgs and with a fauna which includes
corals, stromatoporoids and shell fragmentg.' The base of the succeeding
Wails Hill Iimestone is defined as the bas; of the overlying c¢.8 m thick
band of pale grey, massive limestone, which contains corals and stromatopor-
oids. This lithology is in turm 6verlain by about 12 m of red-grey, shaly,
crinoidal limestone with corals and stromatoporoids, which underlies the thick,

massive limestone development of Walls Hill itself. The Walls Hill Limestone

1s typified by a usually massive, pale-medium grey, white weathering
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limestone, in which the fauna is dominated by stromatoporoids in a crinoidal,
micritic or sometimes sparry matrix.

The’lower part of the Walls Hill Limestone is represented by the
c.140 m thick succession of massive, stromatoporoid limestone‘exposed in the
old quarry on Long Quarry Point, in which Scrutton (1977b, p;172; 1978a, p.37)
recognised four subfacies. He observed a gradual change in shape and density
of the stromatoporoids throughout the sequence, from abundant laminar to
tabular coenostea in Subfacies (1) (the basal division), through less dense
tabular and occasional large conical forms in Subfacies (ii), to small,
irregular, more densely distributed coenostea in Subfacies (1ii), and small,
rounded, disorientated forms in pockets at the top of Subfacies (1ii) and
also in Subfacies (iv), where large laminar to tabular shapes were still
Dresent. Some degree of disorientation of the stromatoporoids was recorded
algomat lower levels. Scrutton noted that the associated fauna was of corals
and, sometimes, brachiopods throughout the succession, and that the matrix was
often crinoidal, while spar-filled cavities were common in Subfacies (i) but
Became less so in higher hoiizons. Corals were most diverse'in Subfacies
(1ii1), where tabulates were more common than elsewhere and some fasiculate
formF (tabulate ‘and rugose) were inteigrown with stromatoporoids. Subfacies
(111) contained also bryozoa and the matrix was variable, being largely
crinoidal but with micritic patches and sparry cavities. A finer crinoidal
mafrix was evident in'the succeeding Subfécies (iv), where ﬁhere was little

assoclated fauna. Stromatoporoid morphotypes at Long Quarry Point were

described also by Kershaw and Ridings (1980).
_ i

At Redgate Beach, conodonts were recovered from the Daddyhole

- Limestone and Walls Hill Limestone in the northern cliff (RB-1, 2 and RB-3-6
respectively), and from isolated‘oufcrops of the last formation in the cliff
slope to the west of the beach (red-grey shaly limestones around SX93496483,

RB-10, 11, 12; massive limestones near SX93466481, RB-13, 14). Po. 1.

linguiformis, Po. pseudofoliatus, Po. X. ensensis (phyletically late forms)
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and speqimehs referred to the I. expansus group are common to many of the

faunas, while I. aff, obliquimarginatus occurs just in the Walls Hill ILime-

stone (RB—iO), Together, these taxa characterise an interval from the mid )
ensensis Zone to the top of the Lower varcus Subzone. Other elements found
are Po. 1. subsp. a and gg_l; subsp., b (Walls Hill»Limestone,'RB—iz-ih and
RB-4, 10 respectively), and T. aff. variabilis (Daddyhole Limestone, RB-2).
The first form indicates that the age of the faunas is restricted to within
-the upper part of the ensensis Zone, which estimation is supported by the
maln time spans of the last two taxa (see Weddige 1977, tables 2, 5). A

Siﬁgle_specimen designated I. cf. regularicrescens is preéent in RB-12.

This species attains only the lower part of the ensensis.Zoné in Germany
(Weddige loc. g}t.),‘but ranges higher in Belgium, into Gia (Bultynck 1972,
text-fig. 12). T. aff. variabilis herein displays some éimilarities to Po.
aff. variabilis.which Orchard (1978, p.914-915, text-fig. 2, table 1)
recorded in Fauna 6 at Princerock Quarry (PS3, 4), Cattedown Quarry (CQ10)
and Gasworks Quarry (GQ16, 20). Faunal associates in the Plymouth samples

included other forms seen at Redgate Beach, namely E: obliquimarginatus, Po.

Po. 1. subsp. a (as Po. 1. linguiformis, ?epsilon morphotype). The last

taxon and 29. aff. variabilis occurred together also at Cattedown Quarry

(cQ8), this time with I. ef. regularicrescens. Orchard referred Fauna 6 to

the (then) obliquimarginatus Zone. In terms of current terminology, the

grouping dates from within the upper portion of the ensensis Zone.

Conodonts were found mainly in the iower part of the succession

t
at long Quarry Point (Subfacies (1) and (ii): see Text-fig. 6 for relation-

ship between saﬁples and subfacles). Forms common to Redgate Beach and Long

Quarry Point are Po. 1. linguiformis, Po. pseudofoliatus, Po. X. ensensis
and I. expansus group (variously occurring at the latter locality in IG-4,

5, 6, 8), while Po. 1. alveolus is identified both at Long Quarry Point

(1G-3, 12) and in the Walls Hill ILimestone at Redgate Beach (RB-13: Po. cf.
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1. alveolus). The last subspecies was previously known only in Germany,
where 1t was recorded in collections no younger than the kockelianushZone
in age (Weddige 1977, tables 2, 5, 11-15, 18). The occurrence in Torqﬁay
indicates that here Po. 1. alveolus has a greater time span, and ranges

' upwards into the higher parts of the ensensis Zone. Other forms recovered

from Long Quariy Point include 29. aff. pseudofoliatus, Po. aff. X. Xylus and
29. cf. c. costatus (1G-3, 5; 1G-6; LG;Q; 7 respectivély). Specimens
Areferred to the la;t taxon aré poorly preserved and are judged to be re-
worked, because this well established subspecies.is‘known from no higher

than the lower part of the australis Zone elsewhere (see Systematic
Palaeontology) . | -

Scrutton (197?b, p.171) thought that the red-grey shaly limestone
unit of the Walls Hill Limestone in the northern cliff at Redgate Beach was
exﬁbsed also inland, in the cutting near the Palace Hotel on Babbacombe Road
(SX93196475; Text-fig. 7a). No conodonts were found in the shaly lithology

in the cutting (BR-4, 5), while the massive limestone beneath yielded just

Po. 1. linguiformis and I. éxpansus group (BR-1-3). Further north along
Babbacombe Road, disused quarries on the western edge of Walls Hili (around
SX93?26500) are developed in Walls Hill Limestone. Here the massive, strom-
atoporoid limestone contains abundanf corals in a crinoildal matrix, and
resembles Subfacies (11)-(i1i) at Long ngrfy Point. Samples from the
quarries‘themselves lacked diagnostic forms (BR-6-8), but a roadside outcrop
at SX93016508 (BR-9) produced the same assoclation of I. aff. obliqui-

marginatus, Po. 1. linguiformis, Po. 1. subsp. a and fg._l. subsp. b seen
daloltllavis, 0. 4 bl ‘

at Redgate Beach. This confirms that the Walls Hill Limestone in this

district is upper ensensis Zone in age.

Fine grained, flinty and unfossiliferous 1imestonesvat Withy Point
(8X93176548; Text-fig. 7a, WP-1) were barren of conodonts, and they were rare
in fairly massive, fine grained limestones with Amphipora and_Hexagonaria at

the northern end of New Quarry (SX933653; Text-fig. 7a, Section I, NQ-1-3).
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Text-fig. 7



s

However, higher,bedded, crinoidal and‘slightly shaly limestones in the

central part of the quarry were more productive, and Po. pseudofoliatus

and 1. aff. obliquimarginatus were identified there (Text-fig. 7a, Section

" II, NQ-4-6). The absence of Po. 1. subsp. a suggests that these beds may be
younger than the last appearance of this férm, énd thus may be of highest
ensensis Zone:dr iower varcus Subzone age. Tﬁe latter estimation is dis-
counted because the Po. varcus group itself 1s not represented, and a
correlation is madé with the uppermost part of the ensensis Zone. Scrutton
(1977v, p.172; 1978a, p.38) thought that the Withy Point horizons were
either above, or might be lateral equivglents of, those at Long Quarry Point,
and were themselves succeeded by the New Quarry sequences; The conodont

evidence supports his contention that the New Quarry beds are the youngest

seen in the Walls Hill area.

i No. conodonts were found in thick-bedded and massive, micritic,
sparsely fossiliferous 1imestones developed in the Ilsham district in Area 2
(Bishop's Walk, SX93566454, BW-1; Ashton Terrace, SX93346411, AT-1; Kent's
Cévern, SX93426421, KC-1; Ilsham Marine Drive, SX93746403,VIMf1, 2; Text-
figs. 6, 7b, 7c), which were regarded aé part of the Walls Hill Limestone
by Scrutton (1977b, p.171). Also barren of conodonts ﬁere the massive, strom~
atoporoid and coral-bearing limestones at the southern end of Redgate Beach
(8X93546471, RB-15-19), which are faulted against the slates with ash bands

of Anstey's Cove (SX935646; Text-fig. 6). The ostracod evidence suggests

that the Anstey's Cove beds are probably of Clymenia or Wocklumeria Stufen
(late Famennian) age (House 1963, p.8-9; 1977, p.20). No conodonts were

i
found here (AC-1).

Are; 3 (Parkfield Road, PF-1-10; Teignmouth Road, TR-1-5; St. James Road,

SJ-1, 2; Text-fig. 8a).
In Area 3, dark grey-pink, thin-bedded limestones and shaly lime-

stones crop out along Parkfield Road (around SX909650 and SX909653), Penny's
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Hill (SX90906541), and at the southern end of Teignmouth Road (for example,
at FSX9C976549 and SX91106556). These horizons are crinoidai, and bear
vcoréls and laminar stromatoporoids. At the northermmost end of Parkfield

Road and on Pénny's Hill the beds are much disturbed and are in thrust
relationship with massive, pale grey limestones. The latter’éoﬁtain
occasional stromatoporoids (usually broken) with a few coréls, and are
exposed Beneath the thrust-plane evident at the eastern end 6f Penny's Hill
(SX90936541) . - Disuséd quérries further north along Teignmouth Road (SX9100-
6555 to SX91066576) are developed in similar massive, often micrific,
limestones.

Faunas from the beddéd and shaly limestones inclﬁde 1. arkonensis,

1. expansus group, 29. 1. linguiformis, Po. pseudofoliatus and O. brevis

(PF-5, 6, 9; TR-1). The occurrence of the first species in Germany (Weddige
1977;v£ables 2, 5) implies that the strata date from the lower half of the
ensensis Zone, and are no younger than late Eifellan in age. The other
‘icriodids and the polygnathids are consistent with this estimation, although
“«'théy all occur in both older and younger zones. The presence of 0. brevis |

here lends further suppoxrt to its age range extending below the Lower varcus

Subzone (see discussion in Systematic Palaeontology). In Plymouth, Orchard
(1978, p.915) indicated that I. arkonens1s may be represented in Fauna 6 ’
(Teat’s Hill Quarry, TH47-49, Drake's Island DI1-3; Gasworks Quarry, GWZO),
but he preferred to place the specimens within the broader concept of the I.
expanéus group. The massive limestones on Penny's Hill (PF-10) and‘Teign—
mouth Road (TR-1-5) were barren of conodonts. |

In the eastern part of Area 3,'m;dium—dark grey-red, bioclastic
and crinoidal, massiveclimestoﬁes are exposed behind St. James Road‘(SX912-
656). ~ Corals (tabuiate and rugoée) and strématoporoids (often roiled,
rounded forms) aré concentrated at several horizons, while intervening bands

are rather less fossiliferous and appear paler grey in coiour. The latter

. lithology produced a fauna in which Po. 1. linguiformis, Po:. X. ensensis
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and Po. x. xylus are identified, with juveniles of 39; timorensis and Po.
varcus group sp. indet. (8J-2). In the absence of taxa indicative of the
Middle varcus. Subzone (such as Po. ansatus: see discussion under Area 5),

the association is linked to the Lower varcus Subzone.

Area 4 (Castle Road, CR-1-4; Stentiford Hill, SH—1—7;‘Madrepore Road, MR-1;
Waldon Hill, WH—1—6;.Text-fig. 9).

A A section in Castle Road (8X914642) is developed in about 30 m of
medium grey-red, bedded iimestones with corals, stromatoporoids (laminar,
encfusting and broken forms), and occasiopal bryozoa. The matrix may be
crinoidal, sometimes coarsely so} The lower part of the sebtion is shaly
and rather less fossiliferous than higher parts, where some horizons are

crowded with fossils. Conodonts are sparse here and tend to be fragmented,

but Po. 1. linguiformis, Po. timorensis, Po. X. ensensis and Po. varcus

group sp. indet. are recogﬁised (CR-1-4). The fauna is similar to that at
St. James Road (sge above), and is again referred to the Lower varcus
Suﬂzone.

About 300 m to the south-east, medium grey-red and often shaly
crinoigal limeétones'ére seen in sections on Stentiford Hill (SX917641). _
Corals and stromatoporoids (both groups as at Castle Road) are present and
may be locally abundant, produciﬁg richly fossiliferous bands as in the
bedded limestones éropping-dut on the southern flanks of the hill on
Madrepore Road (SX917763%%4). Conodont fauhas from Stentiford Hill are,
for the most part, sparse and lacking in diagnoétic taxa (SH-1-7), but a
coarsely crinoidal limestone in Madrepore R;ad (MR-1) yielded a well pre-
served collection which includes Po. ansatus, Po. timorensis, Po. X. 39&555’

Po. varcus group sp. indet., Po. 1. linguiformis, Po. 1. mucronatus and

Sp. planus, and is characteristic of the Middle varcus Subzone. Comparable

faunas occur in the higher part of the Shell Bed and in the Barton Limestone

at Iummaton Quarry (Area 5, g.X.). The Madrepore Road and Lummaton
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Text-fig. 9.
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qssociationS‘are similar also with regard to the total absence of icriodids
and the abundance of simple cones.

Approximately 400 m to the south-west of Stentiford Hill, medium
grey-red, irregularly bedded-massive, bioclastic and crinoidal limestones
| are exposed at various levels on Waldon Hill (SX915637). They contain a
coral—stromatoporoid faunavwhich may be;locally prelific and resembles that

seen in the Castle Road and Stentifordeill sections. Po. pseudofoliatus and

Po. aff. x. ensensis were recovered from an isolated outcrop at the southern
foot of Waldon Hill %n'Royal Terrace Gardens (SX91546354; WH-1). The latter
form is'thought to be intermediate between gg;~§. ensénsis and either Po.
timorensis or, more probably, Po. ansatus. In view of the'respective age
ranges of thése varioﬁs'taxa, the collection is judged to date from the upper
half of the Lower varcus Subzone. Samples from the southern end of Warren
Road at the top of Waldon HIll (SX91646368; WH-2, 3) produced both Po. 1.

i

linguiformis and its epsilon morphotype, Po. l. mucronatus, Po. varcus, Po.

X. xylus and Po. aff. ovatinodosus, most of these forms being represented

N aléo in the upper portion of the Shell Bed and/or in the Barton Limestone at

Lummaton (Area 5, g.z.). The Waldon Hill/Warren Road faunas are equated with
thé Middle varcus Subzone and, as at Lummaton, the presence of,gg. aff.
ovatinbdosus suggests correlation with the higher part of this interval.  In
contrast with associatioﬁs from the latter locality, simple cones are sparse

at Waldon Hill, whiie lcriodids occur and are referred to the I. expansus

group and to I. aff. obliquimarginatus, both taxa being consistent with the

estimation of the age.
{
In Plymouth, Orchard (1978, p.915) reported Middle varcus Subzone
collections in which the genus‘Icriodus was represented at Richmond Walk

(RW-10-13, 25-28, ?41-443 Fauna 8). However, the icriodids there were

referred to I. 1. latericrescens, which subspecies, together with the
mutually-occurring Po. ansatus, indicates an age within the lower half of the

subzone (see Zliegler in Klapper and Ziegler 1979, text-fig. 5).
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Area 5 (iummatqn Quarry, IM-1-18; Trumlands Quarry, TL-1-3; Text-figs.
8c, iO).+ 7 | |

Thg top of the Wélls Hill Liméstone is ekposed in the southern
part of Tamma ton Quarry (SX913665; Text-fig. 10), where it is represented |
by ﬁpproximately 50 m of pale-medium grey, pale-weathering, massive limestone.
Abundanﬁ stromataporoids and scattered corals (rugoée and tabﬁlate) are con-.
tained in the crinoidal, sométimes spafry matrix, and dolomitisation is
common. At the nérthern end of the quarry irregular lenses of the Lummaton
Shell Bed are developed in still massive, pale-medium grey but rather less'
dolomitised limestone. The Shell Bed fauna is well documented (see Scrutton.
1978a, p.39), and consists largely of brﬁchiopods with bivalves, gastropods,
trilobites, crinoids, ostracods énd alga;. Bryozoa also occur,-and are
dominant in the matrix (Elliott 1961, p.255). The Lummaton Sheil Bed Member
is the basaludivision of the succeeding Barton Limestone, which is present in
the northern part of the quarfy and cdmprises about 30 m of rather darker grey,
massive, bioclastic limestone, with some areas of dolomltisation, and with a
.. fauna of corals, small scattered stromatoporoids and brachiopods. The
lithologies, stratigraphy and macrofaunas of Lummaton Quarry have been
described by Scrutton (1977v, p.173, 174; 1978a, p. 39-40).
‘ Po. timofensis,ngg. 1. linguiformis and 0. brevis are commonly
encountered in all horizons at Iummaton. Other representatives of the Po.

varcus group, including'gp. X. xylus (LM-15) and juveniles possibly of Po. var-

cus itself (IM-18), Po. 1. linguiformis epsilon morphotype (IM-1, 17) and Sp.
planus (LM-9, 10, 17, 18% were found rather more sporadically. 29. ansatus

. ‘ .
appears towards the top of the Shell Bed levgls in IM-11, and thereafter is

present more or less throughout the Barton Iimestone in the quarry (IM-15,

16, 18). The distinctive Po. 1. mucronatus occurs at the entry of 29. ansatus

(IM-11), and a further linguiform polygnathid, Po. 1. linguiformis delta

morphotype, may also be represented in the Barton Limestone (IM-13). The

occurrences of these various forms are shown on Text-fig. 10. It should be



Text-fig. 10.
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noted that Po. ansatus, Po. timorensis and 29. lﬁ linguiformis hed

previously been reported from the Shell Bed by Mattheﬁs (1970: cited as Po.

cf. decorosa, Po. varca and Po. linguiformis respectively).

The first appearance of Po. timorensis characterises the base of

the lower varcus Subzone. Eg,_l: linguiformis, EE'.E! linguifermis epsilon

morphotype, Po. 'varcus, Po. x. xylus, 0. brevis and Sp. planus either range
upwards from below or enter within this interval, and all these tara,
ihcludiné Po. timorensis, extend at least into the Middle varcus Subzone.
The first occurrence of Po. ansatus defines the base of the last division,
and Po. 1. mucronatus appears simultaneously and ranges higher into the
Upper varcus Subzone, whereas Po. ansatus only questionably attains this
portion (Ziegler et gl. 1976, p.113-114, tables 1-15; Ziegler in Klapper and
Ziegler 1979, text-fig. 5). Faunas from the top of the Lummaton Shell Bed
and from the Barton Limestone are therefore characteristic of the Mlddle
varcus Subzone, while those from the underlying upper horizons of the Walls
Hill Limestone, before the appearance of Po. ansatus, are referred to the
fLorer varcus Subeone. The Shell Bed levels themselves straddle the Lower-

Middle varcus Subzone boundary.

Almost all the Middle varcus Subzone may be represented by the

1

Barton Limestone at Lummaton. The possible occurrence of Po. 1. linguiformis

delta morphotype in IM-13 indicates that this and subjacent horizons of the

Barton Iimestone date from the lower half of the Middle varcus Subzone, this

being'the main age range of the delta forﬁ (Ziegler et al. 1976, p.113, tables
7, 8, 10-13; Ziegler in Klapper and Ziegler 1979, text-fig. 5). Material
designated Po. aff. ovatinodosus occurs towards the top of the Barton Lime-
stone in the quarry (LM-17), and may be transitional from Po. ansatus to Po.

ovatinodosus. Po. ovatinodosus typically enters within the Middle varcus

Subzone, after the disappearance of Po. 1. linguiformis delta morphotype,

while specimens intermediate between Po. ansatus and Po. ovatinodosus else~

where are of low Upper, or possibly highest Middle, varcus Subzone age
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(Ziegler et al, 1976, p.113, tables 5, 6, 13, 15; Ziegler in Klapper and
Ziegler 1979, text-fig. 5; see also Systematic Palaeontology herein). However,
.. because taxa which first appear at the base of the Upper varcus Subzone have

not been found at Lummaton (such as 0. s. sannemanni, O. semialternans, Po.

iatifossatus: see Ziegler et al. 1976; Ziegler in Klapper and Ziegler 1979,

text-fig. 5), the top of the Barton Limestone here is correlated with the
upper part of the Middle varcus Subzone. It is therefore possible that the
'uppermost horizons at Lummaton Quarry may date from the earliest Frasnian, but
most of the succession is late Givetian in age (see House and Zieglef 1977,
text-fig. 4).

4 late Givetlan age for the ﬁummaton Shell Bed has long been
suggested by the macrofauna, which Kayser (1889, p.186) regarded as indicative
of the upper horizons of the Middle Devonian. This opinion was subsequently
confirmed by the brachiopod and trilobite evidence (Elliott 1961, p.258;
Selwood 1966, p.195 respectively), and by the goniatites, which include
typical Givetian agoniatitids fogether with the zonal ammonoid Maenioceras
" terebratum (House 1963, p.6; see also House 1977, P.20). It should be noted
that Selwood (1966, p.195) believed the goniatite-bearing strata to be a fault-
wedge. The conodonts Both substantiate and refine these age'estimations.

Similar Shell Bed developments are known at Wolborough Quarry near
Newton Abbot and at Mount Wise in Plymouth. The Mount Wise conodont fauna
(Orchard 1978, p.916-917, text-fig. 2, table 1: Fauna 9, MW36) compares closely
with that from the higher part of the Lummaton Shell Bed. Po. 1..E39592222§,
Po. 1. linguiformis, Po. ansatus, Po. timorensis and 0. brevis occur in both

t
associations, and Po. varcus and Sp. planus are also recorded at Mount Wise,

which specles are identified (the former only questionably) in other horizons

at Lummaton. The Mount Wise fauna is considerably more prolific than any of

those from the quarry, and includes taxa which are not known in Torquay (Po.

tuberculatus, Po. aff. tuberculatus). However, the collectlons are similar in

the complete absence of icriodids and in the abundance of simple cones which,
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at Lummaton, are dominated by Belodella spp. with occasional Coelocerodontus

spp. and Neopanderodus Spp..

The Mount Wise association correlates with the Middle varcus Sub-
zoné, as Orchard (loc. cit.) indicated. He referred also Fauna 8 to this

interval, which grouping embraced samples from Mutton Cove (MC32) and Botus

Fleming (BF1-3): the former locality produced Po. 1. linguiformis epsilon
morphotype, while the latter yielded one specimen of the delta form together
with Po. ansatus. 'Fauna 7 was equated with the Lower varcus Subzone and, in

the presence of Po. timorensis, Po. 1. linguiformis, 0. brevis and abundant

simple cones, is comparable with assoclations from the lqwer part of the.
suécession at Iummaton (Orchard 1978, p.915, 916, text-fig. 2, table 1).

About 300 m to the south-east of Lummaton Quarry, Trumlands Quarry
(5X91516628; Text—fig. 8¢, quarry now disused and largely overgrown) is
developed in c.25 m of medium grey-red, fairly thick-bedded and partly
dolomitised limestone. dorals and laminér stromatoporolds are often abundant
in the 5ioclastic and crinoidal matrix, and there are occasional shaly

partings. Pd. timorensis, Po. 1. linguiformis and possible representatives

of Po. x. xylus are recognised here (TL-1-3): the faunas are linked to the

Lower varcus Subzone.

®w

Area 6 (Barton Quarry, BQ-1-32, MH-1, 2; Clennon lane, CL-1, 2; »Text-figs.
8b, 11).

The Barton Iimestone is typified at Barton Quarry (SX912671; Text-
fig. 11) by mediﬁm grey, massivé, often coarsely bioclastic and sparry lime-
stone, which contalns rugose and tabulate-dorals,with usually small, scattered
stromatoporoids. Various other groups have élso been recorded; including
brachiopods, bivalves, goniatites, gastropods and trilobites (see Scrutton
1977b, p.174; 1978a, p.40 for description of litholégy and macrofauna).

Conodonts are relatively abundant throughout the quarry. The oldest

faunas occur at the southern extremity of the eastern face and on Mincent Hill
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(BQ-32 end MH-1, 2 respectively), where Po. 1. linguiformis, Po. timorensis

and other indeterminate juvenile represenﬁatives of the Po. varcus group

‘*were foﬁnd. By . inference from the age of the Barton leestone at Lummaton
Quarry, these assoclations are judged to be no older than the Middle varcus
Subzone and, in the absence of schmidtognathlds and other forms present in
younger faunas at Barton (see below), no younger than the Upper varcus
Subzone.

Elsewhere in the quarry (BQ-1-31), polygnathids referred to Po.

dubius, gg. aff. dublus and Po. ovatinodosus are commonly encountered, and

Eg. X xylﬁs and Po. aff. webbi also occur. Icriodids are sparse, and are

- asslgned to I. latecarinatus and to the I. expansus group. 0. brevis and 0.

'S. sannemanni are also recognised. Together, many of these forms characterise
a broad interval from the late varcus Zone through to the Lowermost. or Lower

asymmetricus Zone, 'although Po. dubius is no older than the Upper hermanni-

cristatus Subzone (Ziegler in Klapper and Ziegler 1979, text-fig. 5).

Important dlagnostic taxa present are A. r. rotundiloba, Po. asymmetricus

subspp.; Po. cristatus and various species of Schmidtognathus. In the north-

east corner of the quarry, Sch. peracutus occurs in BQ-13, and together with

Sch, pietzneri'in BQ-11. The latter form is most commonly found in the Upper

hermanni-cristatus Subzone (Ziegler 1973, p.431), and the presence of the

former means that these horizons correlate with the higher part of this

division. The occurrence ofbgg. cristatus and Sch. cf. wittekindti in the

south-west partvof the quarry (BQ-1, 2 and BQ-1 respectively) indicates that

“the faunas here are of elther Upper hermanni~-cristatus Subzone or Lowermost
S

asymmetficus Zone age, while material designated Sch.? aff. gracilis from the

north-west corner (BQ-9) suggests that this sample dates from the lower half

of the Lowermost asymmetricus Zone (equivalent to the Lower dengleri Zone:

“see Klapper and Johnson 1980, text-fig. 1). A similar interpretation is made

for the age of a fauna recovered from the central part of the eastern face of

the quarry (BQ-30), where Sch.? aff. gracills occurs with Po. cristatus, Sch.



piletzneri and Sch. n. sp. A. A 1little further north, Po. asymmetricus

(subsp. indet.), Po. cristatus, Sch. peracutus, Sch. pletzneri and Sch. n.

sp. B are identified in BQ-26. In the absence of Sch.? aff. gracilis, this

association is referred to the upper part of the Lowermost asymmetricus Zone

(equivalent to the Upper dengleri Zone: Klapper and Johnson loc. cit.).
The 'youngest fauna at Barton occurs in the eastern face in BQ-18,
where A. r. rotundiloba is represented and indicates that the collection is

" no older than the Lower asymmetricus Zone in age. This estimation is

supported by the mutual occurrence of Po. a. ovalls, but it is not predicted
by the known time spans of several schmidtoénathids which are also present,

namely Sch. peracutus, §g§. piletzneri and Sch. aff., hermanni. These three

species have previously been recorded from no highervthan the top of, or

within, the Lowermost asymmetricus Zone, but the implication in Torquay is

that they attain the succeeding zone.

The various interpretations of faunal ages at Barton Quarry are
ind;cgtgd on Text-fig. 11. The massive, strongly Jjointed and faulted nature
.oﬁ the limestbné here frequently obscures bed@ing relafionships, but attitudes
in the northern and eastern parts point to the possible development of a
synclinal structure which plunges south to south-south-west. In the central

part of the eastern face beds on the eastern 1limb of the fold are steep,

appear to be developed roughly parallel to the face, and, traced nprthwards,

span an iﬁterval from the lower half of the Lowermost asymmetricus Zone,
through the upper portion of this division, and into the Lower asymmetricus
Zone, Dislocation at the southern end of the eastern face Jjuxtaposes
horizons of late varcus Zone age to the sohth, while faulting at the northern

end brings levels which date from the higher part of the Upper hermanni-

cristatus Subzone into the north-east corner. Beds referred to the lower

half of the Lowermost asymmetricus Zone in the north-west corner belong to

the western 1imb of the syncline. Strata in the south-west part of the quarry,

which are either of Upper hermanni-cristatus Subzone or Lowermost asymmetricus




- 65 -

 Zone age, have not yet been related to the overall picture.

The conodont evidenoe shows that most of the Barton Limestone at

Barton dates from the Upper hermanni-cristatus Subzone to the Lower

vasymmetricns Zone and is thus early Frasnian in age, while just those
horizons referred to the late varcus Zone in the south-east part of the

quarry and on'Mincent Hill may be as old as latest Givetian (see House and

Zlegler 1977, text-fig. 4) The absence of the Lower hermanni-cristatus
- Subzone 1s predicted by the frequent occurrence of Po. dubius which, as noted

| earlier, does not range below the Upper Subzone. Nelther the lower nor the

upper division'of the hermanni-cristatus Zone has been recognised in Plymouth,

where the genus Schmidtognathus is completely absent (Orchard 1978).

Barton Quarry is the type locality of the colonial rugose coral

Phillipsastrea hennahi. This has been commonly used as a Frasnian guide-

foeeii on the continent but, by inference from the occurrence of ‘the species
_elsewhere in Devon and from the gonlatite evidence at Barton, House (1963, P. 6)
suggested that “the type might be of Middle Devonian age. Scrutton (1968,
lp.188) reported ‘that the coral could be found in the western wall of the
quanry: the conodont faunas in this area indicate that the type of_f.’hennahi

may, in fact, be Upper Devonian in age.

There is 1ittle exposure in the ground between Barton and Lummaton
Quarry, about 600 m to the south. In this district, small outcrops of Barton

Limestone in Clennon Iane (SX911668; Text-fig. 8b, CL-1, 2) failed to produce

conodonts.

Further remarks concerning Barton Quarry are made under Babbacombe
i

ClLiff (Area 7, q.v.).

Area 7 (Babbacombe Cliff, BC-1-14, 20-23, 30-34; Text-figs. 12, 13).
The succession in Babbacombe Cliff (SX926656), described and

discussed by Scrutton (1977b, p.173; 1978a, p.40-43; 1978b), is for the most

part inverted, and comprilses Barton Limestone which passes into the succeeding
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Babbacombe Slates. The Barton Limestone here is bedded, and at stratigraphic;
ally lower levels consists of medium grey, bioclastic limestones with
occasionalwbands rich in corals with small, tabular and domed stromatoporoids, -
while.stratigraphically higher beds are sometimes crinoidal but otherwise v
relatively’unfossiliferous; darker grey and fine grained. ’The'Babbacémber
Slates are dark grey to black in colour, and contain thin-(1-7 cm), dark,
pyritic and often impersistent limesténe bands. The transitlon between the
“two fofmations canl be seen in a roadside exposure at the top of Oddicombe
Beach Hill‘ (8X92456566 t§ sx921+06572), where the highest horizons of the
Barton Limestone comprise dérk grey limestone-slate intercalations which pass-
structurally downwards iﬁto the Babbac&mbe Slates. The cliff is cut by a
number of faults, andvigneous rocksvcrop—out at several places (see Text-fig.
12). |
Bpth the Barfdn Limestone and the thin limestone bands in the

- Babbacombe Slates ylelded conodonts, and include some of the most productive
horizons in the Torquay area. The oldest féunas in the cliff occur in the

stratigraphically lower levels of the Barton Limestone, seen above and below

1. mucronatus and 0. brevis are variously represented here, indicating that
these horizons date from the Middle, or possibly lowest Upper, varcus

. Subzone.

Mény of the‘taxa present in the‘stratigraphically higher levels of
'the Barton’Limestone in the cliff and in the Babbacombe Slates (BC-11—14,
3;—34 and BC-1-10, 30 respectively)‘are common to faunas from Barton Quarry,
namely Po. dubius, Po. aff. dubius and Po. gvatinodosus which are encountered

fairly frequently at both localities, and I. expansus group and 0. s.

sannemanni which occur less often. Po. cristatus and I. latecarinatus are
also identified both at Babbacombe (Barton Limestone only, BC-32, 33) and at
Barton. Other taxa variously present in the higher parts of the Barton Lime-

stone in the cliff, on Oddicombe Beach Hill (BC—32, 33) and in the wooded
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slope above Half Tide Rock (SX92866546; BO-11), are A. r. binodosa, Po. a.

asymmetricus, Po. dengleri, Po. aff. ordinatus and Po. webbi. Samples BC-32

and BC-33 produced also bar elements of the early Upper Devonian multi-

elemental species Elsonella rhenana (illustrated on Plate 20, figs. 1, 2, 6),

. which display the distinctive granular surface ornamentation characteristic
of the grouping (see Lindsfrﬂm and Ziegler 1965). A. r. binodosa and Po. |
dengleril occur again in the Babbacombe Slates exposed at the footbridge near
Half Tide Rock (SX92816551; Text-fig. 13, BC-2, 5, 8, 9), where Po. decorosus
and I. cf. symmetricus are additional identifications. The main age range of
A. r. binodosa indicates that both the upper horizons of the Barton Limestone
in Babbacoﬁbe Cliff and the Babbacombe'SIates are mos@ likely referable to

the lower part of the Lower asymmetricus Zone (see Ziegler in Klapper and

Ziegler 1979, text-fig. 5). The majority of the;bther forms encountered are
cdhéistent‘wifh this interpretation, with the exception of Po. decorosus
which, according to Klapper (in Ziegler 1973, p.351), does not range below -

the Ancyrognathus triangularis Zone. This apparent anomaly is not thought to

be significant because, in view of thé fact that Po. decorosus has been used
as a broadvconcept in the literature (see Systematic Palaeontology), at least

the lower limit of its time span cannot be known with certainty.

T

The slates exposed near Half Tide Rock were believed to be Elfellan

in age (Ussher 1903, Iloyd 1933), until House (1964) showed that they dated

from the Lower Frasnian. He correlated a collection of goniatites found in

the slates below the footbridge with the Pharciceras lunulicosta Zone (see

Text-fig. 13 herein). The highest part of this interval may be equivalent to

the lower part of the lLower asymmetrlcus Zone (House and Ziegler 1977, text-

fig. 4), and so the ages indicated by the goniatite and conodont faunas in

the Babbacombe Slates fully substantiate each other. House (1964) also

suggested that the succession in Babbacombe Cliff was inverted. The occurrence
of late varcus Zone faunas in the Barton Limestone above and below the sill

around SX926655 (BC-20-23), and of Lower asymmetricus Zone assoclations in
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structurally lewer levels of the Barton Limestone on Oddicombe Beach Hill;
close to,the transition to Babbacombe Slates (SX92456566, BC—jZ; SX92516564,
BC-BB), and in the Babbacombe Slates themseives near Half Tide Rock
(5X92816551, BC-2, 5, 8, 9), supports an inversion, Scrutton (1978b)
interpreted the structure in the cliff as a recumbent anticline- syncllne
couple, and took the conodont ev1dence to confirm the inverted nature of the

limestone sequence below the sill, the last feature being at the core of the

‘anticline.

The Barton Limestone in Babbacombe Cliff appears to span a similar
interval to that at Barton Quarry, from the Middle or possibly Upper varcus

Subzone to the Lower asymmetricus Zone. The Lower hermanni-cristatus Sub-

zone 1s not recognised at either locality, nor are the Upper hermanni-

cristatus Subzone or Lowermost asymmetricus Zone represented at Babbacombe.

The“iast two divisions are identified at Barton largely on schmidtognathid
evidence, and this genus 1s virtually absenpvin the cliff apart from a single
indetermineie specimen in BC-32.  Further investigation at Babbacombe might
‘reveal the preserce of the missing divisions, but the fact that they have

not yet been found suggests that representative horizons may be faulted-out.
Many of the taxa recorded at Babbacombe and/or at Barton are common to
coneaont successions in North Cornwall described by Kirchgasser (1970) end
Mouravieff (1977; in Serutton 1978a, p.62-63, text-figs. 23, 24). MNouravieff
recognised the Lower'gggggg'Subzone in the Trevose Slates, the Upper hermanni-
cristatus Subzone, Lowermost and Lower esymmetricus Zones in the Marble

Cliff Beds. As in Torquay, there is‘ne Cornish record of the Lower hermanni~
cristatus Subzone. |

In Plymouth Orchard (1978, p.917, text-fig. 2, table 2) correlated

Faunas 10 and 11 with the Lowermost and ILower asymmetricus Zones respectively.
Collections referred to the two groupings include taxe found at Barton Quarry
and/or Babbacombe Cliff, namely Po. cristatus (Fauna 10: West Hoe, Hl), and

Po. a. ovalis, Po. dengleri and Po. dubius (Fauna 11: Radford Quarry, R117;
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Western King, WKOO, 02-O4, 1, 2). A. rotundiloba occurs both in Fauna 11
and at Barton and Babbacombe, but the subspecies are not the same; Orchard
(loc. cit.) identified A. r. alata at Western King (WKO3, Ok, 1, 2), whereas
A. . rotundilobarisvrecognised at Barton Quarry (BQ-18), and A. r. binodosa
at Babbacombe Cliff (BC-9). |
Area 8 (Petit Tor Quarry, PQ-1-5; PetitﬂTor Beach, PB-1-12; Blackler's

" Quarry, BL-1-7; Téxt-fig. 14).

Petlt Tor Quarry (SX927662) is developed in white-weathering, pale
grey, massive, stromataporoid liméstones, which bear also rugose and tabulate
corals in the bloclastic and crinoidalmmatrix. A thickness of about 40 m is
represented in the north face of the quarry.. The lithologies and macrofauna
here were described by Scrutton (1977b, p.173; 1978a, p.38-39), who referred
these horigpns to the Walls Hill Limestone. ©Samples from the quarry itself
lacked diagnostic conodonts (PQ—i, 2, 5), but limestone ledges on the south
vside of, and‘overlooking, Petit Tor Beach (éround SX92706636) yielded both
Po. 1. linguiforﬁis and its deita morphotype (PB-9-11). The presence of the
latter taxon indiéates that the Walls Hill Limestone in Area 8 is either of
early Middle, or possibly léte Lower, varcus Subzone age (see Ziegler in

Klapper and Ziegler 1979, text-fig. 5).
Various red sediments are frequently encountered both in the quarry

and in the ledges overlooking the beach, where they form irregular areas
wifhin the massive, pale grey limestones. Red, slaty, sometimes crinoidal

limestones from within these developments produced typical Upper Devonian

subrecta and I. symmetricus (PQ-3, 4; PB-12). The last four taxa occurred

again in masses of red calcareous mudstones and nodular limestones exposed
in the vertical wall behind the lowest ledge (SX92686637), where additional

identifications include A. aff. gigas sensu ORCHARD, A. lobata and Pa. aff.

proversa (PB-1-7). No conodonts were found in thin limestone bands in
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Text-fig. 1»
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tightly folded red slates at SX92666638 (PB-8). Scrutton (1978a, p.38-39)

" described the various red lithologies at Petit Tor Quarry and Petit Tor
Beach. As he noted, structural relationships between the pale, massive
.llmestones and the red sediments on the south side of the beach are complex.
With regard to the interpretation of the age of the Upper Devonian

faunas in Area 8, A. lobata, I. symmetricus and Pa. proversa range upwards

from, or from below, the base of the Middle asymmetricus Zone, and extend to,

or higher than, the top of the Ag. triangularis Zone. Pa. subrecta is

sometimes found in the highest part. of the Middle asymmetricus Zone but its
main time span starts at the base of the succeeding interval, while the main -
'range of Eg..hassi starts at the base of the ég. triangularis Zene and the

form is only rarely found at the top of the preceeding division. The span of

Po. decorosus may not extend below the Ag. triangularis Zone (but see .
'diecussiqn under Area 7) (see Systematic Palaeontology for details of all age
ranges).» The occurrences of these various taxa in the red lithologies in

Area 8 are judged to be indicative of, most likely, the Ag. triangularis

Zone, The presence of Po. asymmetricus subsp. A in faunas of this age seems

to be anomalous. Orchard (1978, p.917, text-flg. 2 table 2) flrst described

the form from Durnford Street in Plymouth (DS1, Fauna 12), where it was found

%

together with A. aff. gigas and several palmatolepids. He referred the

‘association to the Middle asymmetricus Zone because the polygnathid occurred

at this level in Belgium and elsewhere. The identification of Po.

asymmetricus subsp. A in Area 8 may represent a'younger occurrence of the
taxon, but this is thought unlikely in view of the fact that the other,
better established subspecies of Fo. asymmetricus (Po a. ovalis and Po. a.

asymmetricus) are not known outside the asymmetricus Zone (see Ziegler in

Klapper and Ziegler 1979, tekt-fig, 5). Instead, the presence of this form,

and possibly also that of A. aff. gigas sensu ORCHARD (although A. gigas

sensu stricto ranges from the base of the Middle asymmetricus Zone upwards

to the top of the Lower gigas Zone: Ziegler loc. cit.), in associations of Ag.

\



triangularis Zone age is interpreted as the result of stratigraﬁhical
admixing. |

~ Orchard (1978, b.918, text-fig. 2, table 2) noted the possibility
of admixing in a collection of similar age from Western Xing in.Plymouth,

where red calcareous limestones yielded Po. asymmetricus, A. rotundiloba

and A. nodosa (WKO?-OS,'SéH; Fauna 13). ‘The first species is restricted

to the asymmetricus Zone, the second to the Lower and Middle portions of

'this‘interval, while the third does not occur below the ég. triangularis

Zone. Fauna 14 was also referréd to theqég. triangularis Zone. This

grouping,'which embraced the zonal species together with A. curvata and Pa.
subrecta, was best developed at Fisons Quarry, where the ied matrix of the
conglomeraté and assdciated red lithologiés produced, in addition, I.
symmetrlcus and Po. webbi (Orchard loc. cit.).

The age inferred for the younger (that is, Upper Devonlan) conodont
faunas in Area 8 is consistent with the gonlatite evidence. House (1963,
p.8) identified Beloceras cf. sagittarium and Manticoceras ép. émong'
sbecimens which ﬁssher (1890, p.405; 1903, p.103) had collected from red,
shaly, nodular limestones in the combe behind Petit Tor Beach, and correlated

the association with the Manticoceras cordatum Zone (equivalent to most of

the asymmetricus Zone, the‘ég. triangularis Zone and the Lower gigas Zone

according to House and Ziegler 1977, text-fig. 4).

Scrutton (1978a, p.39) noted that the goniatite;bearing lithologies
are faulted against the north and south iimestone walls defining the combe,
the limestone}mass on the northern side of the combe forming the knoll of
Petit Tor itself (SX92446636). No diagnoséic conodonts were found in pale
grey, massive and thick-bedded limestones exposed in the disused quarry on

the Tor (Blackler's Quarry, SX92446637; BL-1-7).
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CHAPTER 6.

', THE STRATIGRAPHICAL HISTORY OF THE TORQUAY AREA

Introduction énd regional setting

The followling sccount of the stratigraphical hisfory'of the
TTorquay area, specifically that of the Torquay Limestone Group, is based
largely on the preceediﬁg discussion of localities and conodont faunas
“within ths district, and especiélly on conclusions reached regarding their
ages. . Oﬁservations on thejpossible palaeoenvironment are based, for the
-most part, on the #drk of Scruﬁton (1977v) .
- The marine rocks of South4west Englsnd occupy two broad east-vwest
| trending belts on the northern and southern flanks of the Cornubian
synclinorium;: The norfhern belt, which embraces North Devon and West-
_Sdmérset, qpmprises a thick sequence of alternating continental and near-
shore marine lithologies in which limesfones play a minor role (see Webby
1966), while sequences in the southern belt; which occupies South Devon and
‘ﬁﬁéh of Cornwall; are largely marine in charaster and include important
carbonate developments in the Torquay area, elsewhere in Southfeast Devon,
and in the Plymouth district. These various marine successions accunulated
in %he Amorican parf of the Variscan’geosyncline, which extended from South-
west Engiand through Central Europe, eﬁbracing northern France, Belgium and |
the German‘ﬁhiheland, eastwards to the Black Sea. Durlng Devonian times
the north-western border of the geosyngline in Burope was delineated by the
margin of thewOld Red Continent, while the south-eastern Border was formed
by another landmass, the Central European crystalline rise ("Mitfeldéutsche
Kristallinschwelle"), which was an island archipelago of greatly variable
size, composed of Pre-Variscan metamorphic and magmatig rocks (KrebsA19?9,
p.126). The south-eastern area of non-sedimentation has also been interpreted
as the Fianco-Alemahnian Island (see, for example, Erben 1964, text-fig. 3;

Erben and Zagora 1968, p.56, 58, text-fig. 2), and smaller landmasses, the
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Rocroi and Stavelot Islands,:are believed to have existed within the
' gedsynéline in Belgium (see,.for example, Tsien 1974, text—fig. 3). There
were sea-connections southwards from the geosynclinal belt to the Barrandian
Basin, and tc Spain and North Africa; a trans-Arctic sea-iink with western
North America has also been ciearly established (House 1§68, p.1067; 1973). -
Recognition of these various connections has been based on distinct faunal |
.relations. | |

Broad longitudinal divisions relating to the southward deepening
have been recognised in the Variscan geosyncline in the Devonlan, and the
evolution of facles therein has been extens;vely studied (see Erben 1964;
" Erben and Zagora'1968). . The longitudinal structural units of the Variscan
orogeny lie parallel to the north-western margin of‘the geosyncline, and
are thus supenimposed on these divisions. Iongitudinal structural units
in écuth—west England follow‘this-pattern, and trend roughly east-west.
Shackieton et al. (1982)'recently attempted.to relate Variscan structures
in South-nest England to those in the Variscan fold-belt of westein Europe.
g They noted that‘ apart from the high-level structures in the Culm synclin-
orium of North Devon, structures in the South—westvmme recumbent with an
overall gentle southward dip of cleavage, thrusts and recumbent folds,
and that translation was towards the north—north-west. These observed
structures were interpreted on a thin-skinned tectonic model, with a basal
décollement which dipped gently southwards from its‘outcrop at the Variscan
front in the'northern Mendips and South Wales, and was related to a south—
ward-dipping subduction zone south of the Lizard (Shackleton et al.1982,

4

- P.538-539).

Early-mid Eifelian (Area 1)

The shallow marine, clastic rocks of the Meadfoot Beds, which had
accumulated in the Torquay region during Emsian times and are exposed, for

example , in Meadfoot Bay (SX933633) and at Hope s Nose (SX947635), were
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succeeded by shales in the éarliest Elfelian.  Thin limestone bands appearéd
in the shales in'early Eifélian times, during fhe lower partitus Zone, and
marked ihe.begihning of carbonate deposition in the district, the 1imestone/
shale intercaiations (Seen,in Daddyhole Cove, SX926628) being taken as the
baéal poition of the Daddyhole Limestone, the oldest member of‘the Torquay ,
Iimestone Group (Scrutton 1977b, p.167). The Dadd&hole Iimestone typically
compriseé dark grey, well-bedded, micritic limestones,'which are variably
'fossiliférous andquten crinqidal. Ité lowest levels, represented by the

at least 40 m thick succession in the Daddyhole Cove—Triangle.Point area
(SX927628-928628) datelfrom the partitus and lower part of the c. costatus
Zones (early-mid Eifelian), ;Probably comparable developmenis in Vane Hill
" Road (SX92056330) _are:, as yet, undated. | |

, The sequences on Trianéle Poinf and in the Knoll Quarry include

sévéfal richly fossiliferous horizons, while some of the interbeds sho#
grading of.small crinold oséicles, as noted_bj Scruttdn (1977b;‘p.169; 1978a,
p.34). Braithwaite (1967, p.299) recorded possible dessication cracks at
éne level. Scrutton (1977b, p.169) was of the opinion that these limestones
had accumulated1in shallow, occasionally turbulent waters, the high energy
 conditions being suggested by the‘evidencerf reworking in the richly
fossiliferous 5ands, such as the fragmentation of Thamnopora colonies and
theliﬁclusion in the éediment of small, disorientated masses of fosslls énd
matrix;tkhile he thought that the preservétion of the macrofauna in.the basal
intercélated limeStbnes reflected‘initiél deposition in quiet conditions. The
distribution of icriodid'taxa here supports a change from quiet to turbulent’

conditlons. ‘Just I. retrodepressus is identified, and is relatively abundant,

in the intercalafed beds, but this species becomes numerically less important
in stratigraphically higher faunas, where I. c. corniger is fairly common.
According to Wedaige and Ziegler (1979), the former taxon is assoclated with
quiet regions iﬁ shallow shelfal waters, the latter with agltated to

turbulent waters on the shelf, above wave base.
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‘ Deposition of the Daddyhole Limestone was interrupted by a brief
transgressive phase, durlng which shales became intercalaﬁed with, and‘
~ultimately succeeded, the iimestones of Triangle Point (Scruttton 1977b,
‘p.169, 183). By inference from the age of the youngest cqnodqpt fauna on
the Point, and from the age of the'higherklevels éf the.Déddyhéle Limeétoner
eisewhere (see’below),,the deeper water episode»occurred during the c.
costatus Zone (see Text-fig. 1, Area 1). Sérutton (1977v; p,170, 183)
believed,that the:relatively pure,rcoral and stromatoporoid-rich limestone
horizons of Hope's Nose were probably a shallow ﬁater development,
rpenecontémporaneous with the Triangle Point beds. He considéred the thin-
bedded, fossiliferous limestones and succeeding shales evident above‘the
disconformity at Hope}s Nose to be part of the transgressive event, and
equ%ted them with the limestone-shale transition in the higher part of the
sequence at Triangle Point. The temporal equivalence of fhe two localities

has not yet beén confirmed by conodonts, because of -the absence ofbdiagnostic
“faunas at Hope's Nose. However, the evidence of phacopid trilobites
‘indicates that the thin-bedded limestones there date frbﬁ the mid Eifelian
(Burton, pers. comm. in Scrutton 1977b, p.i?O), whiéh is consistent with the
c. costatus Zone age'proposed herein for the transgressive event.

Following the eplsode of deepening, carbonate deposition was
re-established later in the c. costatus Zone, and is now represented by the
higher levels of the Daddyhole Iimestong at Peaked Tor Cove (SX92146287)
and Dyer's Quarry (SX92236277), specifically by reddened, rather shaly
crinoidal limestones with corals, brachiopodé and some bryozoa at the former
iocality, and by dark, bedded, micritic limestones‘at the latter. The shaly

lithologiés of Peaked Tor}Céve; in which the brachlopods are often articulated,
suggest accumuiation in relatively deep,>quiet conditions, perhaps towgrds
the end of the transgressive phase. With rggard to the Dyer's Quarry
succession; Serutton (1977b, p.169-170, 183) interpreted the depositional

" environment of the lower beds, in whiph corals are abundant and sometimes in



growth pdéiiion, as one of fairly rapid but.intermittent sedimentation in
relatively quiet conditions, and noted signsvof increased current activity
in sucpeeding horizons, evidenced by the alignment of long, cylindrical
corolla in the bedding plane and the presence of reworked carbonate lumps at
one level. Higher_beds still; which include shale partings an& laminated N
horizons, and ﬁhigh are poorly'fossiliferOus apart from thin stringers of
small shells (mainly bivalves with some gastropods) and lenses of c:inéid
vossicles, were beiieved to have‘formed in a probably shallow, rather
restricted environment. - |

| - Intermittent volcanic activity occurred during early—mid Eifelian
"~ times, and is now indicated bj the presence of thin‘tuff-bands at various
horizons iﬁ the Daddyhole Limestone in Area 1. Tuff bands afé developed
vtoward the fop of the sequence at Triangle Point and in the thin-bedded
liﬁestones~at Hope's Nose, where they are assoclated with the beginning of
the short transgressive episode, and also in the higher horizons of the
Daddyhole Formation at Dyer's Quarry.
| . Conodonts ﬂave a sporadic distribution in beds of early-mid
Eifelian age. Faunas are usually of low diversity and tend to be dominatedv
by icriodids, whereas polygnathids and simple cones are rarely encounfered.
Spathognathodids are represented by Eognathodus and may be locélly abundant,
as in the stratigraphically higher beds at Triangle Point. At Dyer's Quérry,
“where the successlon is largely barren of conodonts, the assoclated
microfauna includes pyritised ostracods. Conodont faunas of early-mid
Eifelian age belong to the intermediate Biofacies II of Druce (1973)v and

probably represent the shallow, open marine Biofacies II of Chatterton (1976),

which may be dominated by icriodids.

'Iate Eifelian-early Givetian (Areas:2,13, 8 partim)

Early Givetian times are represented by the top of the Daddyhole

Limestone and by the lower horizons of the succeeding Walls Hill Iimestone
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in Area 2 (seen at Redgate Beach-Long Quarry Point, around SX936650;
Babbaéombé Road [Walls Hill Limestnuaonly]; 5X93196475 and around SX9322-
6500), which»éll date from within the upper part of the ensensi; Zone. The
total sucgéssion in the Redgate Beach-Long Quarry Point district is
eétimated to be at least 170 m thick. The highest part of thé c. costatus
Zone, thé australis and kockelianus Zones have not yet béen reéognised in
the Tbrqﬁay promontory, nor has the lowér‘(highest Eifélian) part of the
b; énsensis Zone beeg identified in the coastal regions. However; the last
inter§a1 is probably represented further inland in Area 3 (Parkfield Road—v
Teignmouth Road, SX909650;910655) by dark grey-ied, thin-bedded limestones
and shaly limestones, which.bear a fauna of corals and étromatoporoids in
_ ;‘crinoidal matrix. ‘Massive, pale grey, only sparsely fossiliferous
limestones in Area 3 (exposed oaneignmouth Road, SX910655-910657) may be
~of a similar age, but have not yet béen dated by conodonts.

| Dark, argillaceoﬁs and sometimes shaly lithologies are evident in
the highest levels of the Déddyhole Limestone, forming interbeds between,
and pértings within, the well-bedded, dark, crinoidal»limesﬁones; while the
lowest horizons of the Walls Hill ILimestone also include a band of reddened,
-shaly limestone (all seen in the northern cliff at Redgate Beach, around
SX93566497). Scrutton (1977b, p.183-184) thought that these shaly inter-
calations were the result of a second transgressive event. The shaly
limestones in Area 3 may belong to thls second episodg of deepening which,
at least in 1ts later part, is judged to date from the low-mid ensensis
Zone (see Text-fig. 1; Areas 1-3). |

The macrofauna of the highest and ;owest levels, respectively, of

the Daddyhole Limestone and Walls Hill Limestone in Area 2 includes corals
(£abulates with somé Rugosa) and stromatoporoids (mainly laminar to tabular
forms). The various horizons éll yielded conodonts, found together with fish
teeth in the shaly unit of the Walls H1ll ILimestone (sample RB-5). The

massive stromatoporoid limestones of the Walls Hill Formation now exposed on
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Long Quarry Point represent prolific stromatoporoid growth, ﬁhich began in
early Givetian times, in the upper part of the ensensis Zone. Scrutton
(1977b, p.172, 185) thought that these beds, which bear also a rich
agsociated coral fauna, accumulated in conditions near-ideal for
stromatoporoid growth, and interpreted the succession on the Point as
representing the development of a stromatoporoid feef. He envisaged that |
the substrate ﬁas initially cdlonised by tabular coenostea in quiet
conditions (Subfacies (i) of Scrufton 1978a), while the main episode of
rapid sediment accumulation and substrate build-up was represented by
~higher horizons ﬁith large conical stromatoporoids (Subfacies 1i), followed
by the growth of_smailer but moré irrégular coenostea in shallower, mdre
agitafed waters (Subfacies 1ii). The highest beds of all (Subfacies iv)
were thought to have developed possibly adjacent to, or on the flanks of,
thé‘crest_pf the reefal strucfure. Kershaw and Riding (1980, p.21)

" commented that the highest horizons at long Quarry Point could be reasonably
consldered as back-reef faéies,band described the entlre sequence as "a
'shalloﬁing—up succession of reef-related zones". lOvergrowth by stromatopor-
olds is a feature of Subfacies (iii) (Scrutton 1977b, p.172; 1978a, p.B%),
and is consistent with a change to a shallower, back-reef setting in

thé higher parts of the succession: Tsien (1974, Pf23)(Viewed'the encrusting
morphology as an adaptation to increased salinity and decreased water ”
circulation. The scarcity of coﬁodonts‘in Subfacies (iii) and (iv) is taken
to be a reflection of the change to a more restricted environment. It
should be nbted that Scrutton's environmental interpretation of the lower
strata was questioned by Kershaw and Riding (1980), who preferred to regard

Subfacies (1) and (1) as the upper fore-reef and reef-crest zones

respectively. Scrutton (1977b, p.185, 187) did not recognise the fore-reef

facies anywhere in outcrop, and expected it to occur outside the present

coastlline.

Higher levels of the Walls Hill Limestone in Area 2 are develobed
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at Withy Point (5X93176548) and New Quarry (SX933653). Unfossiliferous
flinty limestones at the former locality, and apparently overlying Amphipora-
beaiing beds at the latter, were also fegarded by Scrutton (1977b, p.172—173)
as representative of a low energy back-reef or lagoondl\environment, while
£he reappearance of stromatoporoids (mainly laminar forms) in higher beds at
New Quarry, where they occur ﬁith scattered rugose and tabulate corals, was
taken to_indiéate a possible slight regression of the reef-flat. Again,
conodonts are raée or absent in the proposed back-reef horizons, while a
fauna from the higher crinoidal limestones at New Quarry (associated with
‘the coral-stromatoporoid facies) suggests that the slight fegressive episode
took place in late ensensis Zone times. Scrutton (1978&, P.39) noted
similsrities between the macrofaunal associations at New Quarry aﬁd those
in the massive and thick-bedded limestones forming Petit Tor (Area 8;
4 ﬁiackler's Quarry, SX924&§637). He recorded Amphipora at the latter locality,
- which is indicative of back-reef facies. Conodonts are scarce at Petit Tor/
Blackler's Quarry, and the age of the beds is not known. |
| Massive, micritic and only sparsely fossiliferous developments of
Walls Hill Limestone in the Ilsham district in Area 2 (SX9364), and massive
coral and stromatoporoid-bearing limestones at the southern end of Redgate
Beach (SX93546471), perhaps also accumulated in the restricted back-reef
eﬁvironment. None of these horizons yielded conodonts but, by inference from -
the age of all other limestones in Area 2, 1t seems not unlikely that they
date from the upper part of the ensensis Zone.

Conodont faunas of late Eifelian-early Givetian age are fairly
diverse. Polygnathlds (lanceolz&aand linguiform) are usually well represented
and may comprise up to aboﬁt two-thirds of a total fauna, while icriodids
oscur to a vafiable extent: they may be absent or, when found, their number
may equal oi sometimes exceed that of the polygnathids. Simple cones and,
less often, spathognathodids are also encountered. The latter are represented

by Tortodus and by the P element of the multlelemental Ozarkodina. The
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associations are referable to the intermediate Biofacies II of Druce (1973)
and probably to the,shallow, open marine Biofacies II of Chatterton (1976).
The 1atter»grbuping was deflned as being usually dominated by species of
Polygnathus but could be dominated by species of Icriodus, and included also

such groups as the simple cones (Chatterton 1976, p.150, text-fig. 4).

[

Mid-lateiGivetian (Areas 4, 5; 3, 8 partim)

'Mid-lafe Givetian times saw the end of deposition of the Walls Hill
Limestone and the beginning of depositiog of the Barton Limestone. At
Lummeton Quarry in Area 5 (SX913665),.the highest levels of the Walls Hill
Limestone are represented by pale grey, massive, stromateporoid limestones of
Lower varcus Subzone ege.. Coenoetea here vary in shape and size, and
include large and irregular forms; corals (rugose and tabulate) are also
) pfesenﬁ, scattered throuéhout the crinoidal, sometimes sparry matrix.
Scrutton (1977b, p.173, 185) considered fhese horizons to belong to a second
cycle ef reef deyelopment in the Torquay region, when conditions were again
near-perfect for stromatopo;oid growth, although to a slightly lesser degree
than at Iong Quarry Point. |

. Elsewhere in Area 5 at Trumlands Quarry (SX91516628), thick-bedded, .
medium grey-red, crinoidai and bioclastic limestones, with shaly partings and
with a fauna of corals and laminar etromatoporoids, elsoidate from the'Lower
varcus Subzone. Ussher (1903, p.57-58) and Jukes-Brown (1906, p.295-296)
noted that tuffs (no longer visible) overlay the limestones at the northern
end of the quarry, and reported a similar reiationship between tuffs, this
time with assoeiated shales, and limestones elsewhere in the district, They
indicated that the Trumlands beds were stratigraphically below those at
Lummaton, seperated from them by an interval of tuffs and shales. These
observations suggest. that the Lummaton strate do rejresent a second phase of

reef growth, as Scrutton thought, rather than reef development having been

continuous from early into mid Givetian times (that is, from the late
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ensensis Zone into the early varcus Zone). Successive events during the mid
Givetian were, therefore, the depositioﬁ of the darker, ﬁhick-bedded lime-
stones with shaly partings (as seen in Trumlands Quarry) and the accumulation
of tuffs and shales, presumably during an episode of deepening, followed by a
return to shallower ponditions and the resumption of reef grow£h: all took
place in the iower varcus Subzone. The total thickness of the darker, thick-
bedded limestones at Trumlands Quarry is about 25 m, and of the pale, massive;
étromatoporoid re;fal limestones at Lummaton about 50 m. The thickness
representéd by the tuffaceous, shaly interval is not known.
' in Area 3, massivé, medium grey-red, bioclastic and crinoidal

limestones exposed behind St. Jémes Roaa (SX912650) alsd date from the Lower
yggégg Subzone., Thesé developments have not yet been related to the
successions in Area 5, but they may be penecontemporaneous with the Trumlands
Quarry beds., Hdrizons at St. James Road are crowded with corals (rugose and
tabulate) and stromatoporoids. The latter are often rounded, and have the
appearance of havingAbeen rolled about on the seafloor, pointing to some
degree of current activity. The same 1s suggested at Trumlands Quérry by the
'aligninent of stick-like tabulate corals parallel to bedding.
.. Returning to Area 5, shell beds are developed at several levels in
the highesf barts of the Walls Hill Limestone at Lummaton. These localised,
roughly lenticular concentrations, which'now constitute the Lummaton Shell
Bed Member_(the basal division of the Barton Limestone), have been interpreted
as a series of current-sorted accumulations of brachiopods and other groups
in pockets on the reef surface (Elliott'1961; p.255; Scrutton 1977b, p.174,
185). Their formatioh, and thus the transition from the Walls Hill Limestone
to the succeeding Barton Limeétone, occurred during an intgrval around the
Lower-Middle varcus Subzone boundary. As developéd at Lummatonf the early
part of the Barton Limestdne:is of Middle varcus Subzone age, and so dates
~ from late Givetian and/or earliest Frasnlan times, It consists there of-

about 30 m of massive, medium grey, coarsely bioclastic limestone with small
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stromafoporoids, coials and-brachiopods.  Scrutton (1977v, p.185) opined
that the development of thé shell beds and the beginning of accumulation of
‘the Barton Limestone, with an overall decrease in the size and number of
sfromatoporoids, marked the final regression of the barrier-reef, and that
deposition of the limestones of the Barton Formation, which geﬁerally_capped
the. reef, tock place in conditions of continuing fairly high.energy. The
conodont evidence at Lummaton indicates that the final regressive event
began in the latest part df the Lower varcus Subzone. Conodont associations
from the.Walls Hill Limestone in Area 8 (Petit Tor Quarry, SX927662 and Petit
Tor Beach, SX92706636) point to the deposition of this formation there
possibly exteﬁding into thé Middle ﬁgggg§.3ubzone, which suggests that the
transition from Walls Hill to'Barton LimeStbne, and the final regression of
the reef, may not have been synchronous throughout the Torquay region.
'ﬁo%éver, ii should be noted that there is no evidence (either direct or
indirect) for fhe Barton ILimestone in Area_8,'and the formati&n may, in fact,
| have no£ developed there (sée Chapter 7).

. Developments coeval with those in Area -5 are represented by the
variably bedded and massive, medium grey-red, crinoidal and sometimes
bieglastic limestones of Area 4. Exposures within this district are
tectonically isolated and -the succession is not continuous, put the total
thickness is estimated to be at least 100 m. The oldest horizons here, seen
at Castle Road (SX914642), date from.thé Lower varcus Subzone. Shaly lime-
stones are present in the lower part of the sequence at this locality, and
crop-out also in sections on Stentiford Hill (SX917641), for which a similar
age 1s inferred. These shaly lifhologies are judged to belong, at least in
-part, to the same interval‘which produced shales and tuffs in Area 5: the

conodont evidehce at Castle Road is taken to confirm that this episode

occurred during the Lower varcus Subzone. Younger levels are exposed on

‘Waldon Hill (SX915637), where the highest parts of the Lower and Middle varcus

Subzones are recognised (Royal Terrace Gardens, SX91546354 and the southern
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_ end of Warren Road, SX91646368 respectively), and in Madrepore Road
(SX91776394), where strata date from the Middle varcus Subzone. Corals
‘(rugese and £abulate), strematoporoids and occasional bryozoa occur, and are
often locally prolific, throﬁghout the limestonee in Area 4, while Scrutton
(pers. pomm.) has recorded elso Amphipora here, at Castle Roaa, and believes
that the successions in the entire district accumulated in a restricted,
lagoonal environment, developed behind the reef. This interpretation is
supported by fhe=frequent'occurrence of stromatoporcids exhibiting an
encrusting morpﬂology (see ﬁiscussion under late Eifelian-early Givetian),
and probably by the scarcit&, or absence, of conodonts throughout the area,
especially in the older horizons (Castle Road, Stentiferd Hill; Iower YéEEE§
Subzone) .’ The preSehce of iocalised, large and fairly diverse faunas in
youngeribeds (Waldon Hill, Madrepore Road; highest Lower varcus Subzone,
Middle varcus Subzone), which are temporal equivalents of, and include taxa
common to, the higher parts of the Shell Bed levels and/or the Barton Iime-
stone at Lummaton, is taken to be a reflection of free circulation of waters
-into the back—reef environment, as the reef regressed.

| Conodont associatlons of mid-late Glvetian age are moderately
~diverse, and polygnathids (lanceolate and linguiform, the number of the
latter type often exceeding that of the former) and simple copes are well
represented in them, The last group is particularly abundant in the Lummatoﬁ
succession, where it ﬁay comprise up to nearly 90% of a total fauna (in terms
of individual elements). Spathognathedids are fairly commonly encountered;

although never in large numbers, and are represented by Spathognathodus,

Tortodus and the P element of the multlelemental Ozarkodina, while icriodids
are almost completely absent, apart from one occurrence in the younger
horizons in Area 4 (Waldon Hill, WH-3; Middle varcus Subzone). The‘situation
is the same in Plymouth, where Orchard (1978, p.915, 921) noted an(absence of
leriodids from virtually all limestones of varcus Zone age in his western

district (Faunas 7-9), other than in Middle varcus Subzone horlzons at
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Richmond Walk (Fauna 8; "1atericre§cens‘iﬁterval"). He thought that the
total laék of the group in his extensive Mount Wise Shell Bed fauna was most
likely due to some unspecified ecological control (Orchard 1978, P.917).
Similar control(s) ﬁéy have been effecfive'in‘Torquay, at least during the
formation of the shell be&s at Lummdfon? if not also during tﬁe formation of
the rest of the succession there, and possibly also dﬁring the developmenf of
carbonates elsewhere in the entire region in mid-late Givetian times.

Perhaps it is significant that the only record of icriodids of this age (that
is, at Waldon Hill) occurs in an environment interpreted as one in which
conditions were changing from reétriqted'aﬁd back-reef to rather more open
marine. vaerall, conodont faunas of mid-late Givetian.ége belong to the
1ntermediate Biofacies II of Druce (1973), while those with abundant simple
cones, as at Lummaton, show a clear tendency toward his shallow water
.ﬁiofaciesAI. The associations probably also represent, respectively, the
somewhat older Biofacies II and Biofacies IA of Chatterton (1976). The
former grouping (defined under late Eifeliah-early Givetian, q.v.) was linked
.-to a shallow, oéen marine environment, while the latter was assoclated with
shallow, slightly resfricted conditions and was defined as being

characteristically dominated by species of Polygnathus and Belodella, with

small numbers of Coelocerodontus and Panderodus (Chatterton.1976, p.150,

text-fig. 4).

Early-late Frasnian,; and Famennian (Areas 6, 7; 2, 8 partim)

Early-mid Frasﬁian times witnessed the continued deposition of

the Barton Iimestone, which dates from the Upper hermanni-cristatus Subzone,

Lowermost andnLower asymmetricus Zones in Area 6 (Barton Quarry, SX912671),

and from the last division in Area 7 (Babbacombe Cliff, SX926656). 1In both:
areas the oldest horizons are of latest Givetlan or earliest Frasnian age
(Middle or Upper varcus Subzone). As developed at Barton Quarry, the Barton

Limestone is massive, often coarsely bioclastic and richly fossiliferous,
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bearing a Qéried fauna of corals (rugose and tabulate), smallbstromatoporoids,
brachiopods, bivalves, gastropods, goniatites and trilobites, whereas at
.Babbacombe Cliff it is bedded,. and older levels are bioclastic'and sometimes
rich in corals and small stromatoporoids, while younger strata are darker in
éolour, finer grained and sometimes crinoidal, but otherwise r;ther
unfossiliferoﬁs. The limestones at the latter locality are judged to be at
least 60-70 m thick, although estimation of the thickness is made complicated
| by faulting and folding. The total-thickness at the former ldcality is not
known. Intercalations of.dark grey slates appear in the stratigraphically
highest parts of the Barton limestone in Babbacombe Cliff, énd the formation
passes into the sucéeeding Bébbacombe Slates: conodont faunas from thin
limestone bands withiﬁ thebslates show them to date from the early part of

the Lower asymmetricus Zone. The transition from Barton limestone to

Bébbacombe”Slates represents the start of a further deepening of the

environment, the conodont evidence indicating that this event happened early

in the Iower asymmetricus Zone.

Younger, late Frasnlan conodont faunas occur in Area 8 at Petit Tor
Quarry (5X927662) and Petit Tor Beach (SX92706636), where various red
calcareous sediments assoclated with pale, massive Walls Hill ILimestone of
late Givetian'(latest Lower or earliest Middle varcus Subzone) age yielded
collectlions répresentative of the Ag. triangularis Zone, with admixed

elements indicative of the Middle asymmetricus Zone. Some of the red

lithologiés, including slates, slaty, sometimes‘crinoidal limestones and,
less often, pale pink flinty 1imestones,'forh irregular develoﬁments within
the massive limestones both in the quarry and in ledges overlooking the
southern end of the beach. Scrutton (1978a, p.38) interpreted them as the
infillings of‘solution cavities, and observed that some of the infills once
produced abundant orthoceratids, aithough these were now rare. Braithwaite
(1967, p.312) had previouély reached the same conclusion, at least with

‘régard to the origin of the flinty limestones which, he noted, contained
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" small "stromatactis"-like Structures, and had remarked on the occurrence of
similar phenomena at Western King in Pl&mouth, where red and pink, banded,
fiﬁe grained limestones occﬁpied Pockets within a light grey biomicrosparitic -
host lithology. These developments were also believed to be cévity
infillings. |

Orchard (1975b; 1978, p.917-919, 923, 925, Faunas 11, 13, 15)
examined the various litholbgies at Western XKing. He showed that conodonts
from the-infill ﬁaterial, although few, were no older than the Upper Pa..
triangularis Zone (early Famennian) in age, while the host limestones and
compafable horizons of pale red crinoidal limestone dated from the mid-late

Frasnian (Lower and Upper asymmetricus and Ag. triangularis Zones; Faunas 11,

13), and associated red calcareous shéles and other sediments bore admixed
collections indicative of the early Famennian Middle and Upper Pa.
frianguléris Zones (Fauna,iﬁ). He discussed the genesis of the solution
cavities and infillings, and thought that they developed as the resuit of
dissolution of the Frasnian.limestones before the subsidence represented by
”.the associated lithologies bearing Fauna 15. By reference to the work of
Krebs . (1969) in Germany, he concluded that dissolution probably occurred at
a time when the older, host limestones were in a very shallow'water-
enﬁirohment.which might, at times, have beén emergent. Qlder elements in
Fauna 15, such as A, curvata and Ag. cryptus, were regarded as the residue
of the diséblution. The latter species; which is restricted to the Middle
Pa. tiiangularis Zone, was taken to be indicative of the age of the latest

depositional episode,Abefore dissolution became the dominant process in mid

Pa, triangularis Zone times.

A similar model 1is propoéed herein for the evolution of the
éomewhat older solution cavitiés and infillings in the Petlt Tor area. The
host, late Glvetian ﬁalls Hill Limestone there is envisaged undergoing
dissolution in very éhallow, possibly sometimes emergent conditions, prior

to subsidence and the establishment of the deeper water environment which
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saw, in the Ag. triangularis Zone, the accumulatioﬁ of material in the
solution cavities (at least with regard to the red slaty infillings; the
flinty limestones may have developed in shallow conditions), as well as the
formation of the red nodular limestones and calcareous mudstonéé now exposed
in the vertical wall behind the lowest ledgé on the‘south sidé of the beach
(SX92686637);’and the red slates present in the combe behind the beach. It
is assumed that the red developments in the wall and the combe originally
overlay the Giveéian limestones, althoﬁgh such a relationship cannot be
directly observed in the field because of tectonic complications. The red
sediments in the wall are parti%llj incorporated in the older limestones in
a manner which suggests that they have suffered post-debositional tecfonic
"squeeziﬁg“ (cf. Orchard 1978, p.923).

By analogy with the situation at Western King, older conodonts in

faunas from the red 1ithologies in Area 8 (Po. asymmetricus subsp. A, A. aff,

gigas sensu ORCHARD) are interpreted as the residue of the dissolution
Process, and indicate that the latest period of deposition, before the

emphasis changed to dissolution, was in the Middle asymmetricus Zone. The

main dissolutional phase probably‘occurred in the Upper asymmetricus Zone.

The absence of older residual elements, indicative of sedimentation during

'post—early Middle varcus Subzone to pre;Middle asymmetricus Zone times, and
of.such sediﬁénts themselves, suggests that this may well have been an inter-
val of 1little or no sedimentation, and that the very.shallow water, perhaps
occasiohally emergent conditions prevailed throughout much of this time.

The youngest dated Devonian horizons occur in Area 2 (Anstey's
Cove, SX935646); where ostracod evidence has demonstrated that the deep water
| ostracod-slatevfacies was #ell established by the late Famennian. There was
volcanic activity at this time, indicated by the development of ash bands in
the slates.

Conodont faunas of Frasnian age include some of the most diverse in

the Tdrquay area. Polygnathids tend to dominate associations from the low-
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mid parts 6f the interval (Barton Quarry, Babbacombe Cliff), and can comprise
up to thrée—quarte;s of a total fauna (in terms‘of individual elements): they
are of the lanceolate and, less often, broad-platformed type, while linguiform
specimens are rare. Ancyrodellids, icriodids, simple cones, spéthognathodids
(represented by the P element of the multielemental Ozarkodina) and, mainly at
Barton, schmidtognathids are alsq encpuntered,.but generally make up only av
small percentage of a total fauna. In late Frasnian collections from the
 Petit Tor districf, polygnathids (largely lanceolate, with just a few broad-
platformed specimens), icriodids and, this time, palmatolepids variously
occur, sometimes in more or less equal numbers, while simple cones are
generally more abundant than in the low-mid Fiasnian faﬁnas, and may
occasionélly be the dominant faunai’element. Conodont associatlions of early-
mid Frasnian age (Barton Qﬁariy, Babbacombé Cliff) are referable to the
iﬁtérmediate Biofacles II of Druce (1973), while those of late Frasnian age
(Petit Tor area) belong to his deeper‘water_Biofacies iII. In terms of
biofacies‘described from Middle-Upper Devonian boundary beds by Schumacher

(1976), the varcus and hermanni-cristatus Zone faunas at Barton probably

represent his shallow to deep subtidal (but above wave base), narrow-
“Polygnathus biofacies, while youngernassociations at this locality, and
Lower asymmetricus Zone faunas from Babbacombe Cliff, suggest the appearance

of his deep subtidal Ancyrodella-Po. asymmetricus biofacies, which was well

established by late Frasnian times (Ag. triangularis Zone) in the Petit Tor

region.



- 92 -

CHAPTER 7.

SUMMARY AND CONCLUSIONS

The Stratigraphical history of the Torquay Limestone Group began
within the lower partitus Zone, in the.early part of the Eifelian; by which
time sediments of Rhenish aspect had given way to those of Hercynian:'
type (sensu Erben 1962). Deposition of the dark, bedded, sometimes fichly
fossiliferous Daédyhole Limestone took place during early-mid Eifelian times
(partitus and c. costatus Zones, Area 1), and persisted into the early
Givetian (upper ensensis Zone, Area 2), alfhough a continuous succession is
not recognised. Accumulation of the Daddyhole Limeétoﬁe, which is
essentially a féirly-shallow water development as is the entire Torquay
éarbonate complex, was interrupted by two transgressive, deeper water
épisode$:~the first occurred early in the mid Eifellan, during the c. costatus
Zone, and brought shales, shaly limestones and thin-bedded limestones into
succeséions in Area 1, while the second, which atvleast in its later part
| dates from highest Eifelian-lowest Givetian levels (low-mid ensensis Zone),
led to the formatioﬁ of shaly lithologies in Area 2, and possibly also to the
accunulation of shaly limestones further inland in Area 3. The latter event
may have begun in late c. costatus Zone times, and continued through the

australis and kockelianus Zones: none of these intervals has yet been

identified in Tbrquay; Scrutton (1977b, p.184) thought the cyclicity of the
trahsgressive events to be a reflectién of "slight tectonic instability'on
the eastern margin of the developing carbonate platform". >There was
intermittent volcanic activity in early-mid Eifelian times, associated with

the first period of deepeﬁing and with the following resumption of deposition

of the Daddyhole Formation.

These various accumulations provided a foundation for subsequent
reef growth and the build-up of the massive, stromatoporoild developments of

the Walls Hill Limestone, which started in early Givetian times (upper



ensensis Zone, Area 2). Stromatoporoid growth was prolific? and the reefal
structure so formed (barrier reef: Scrutton;1977b) clearly resulted in some
degree of facles differenfiatioﬁ. According to Scrutton (1977b, p.185), the
presencé of the back—reef or lagoonal facies above the stromatoporoid facies
in the Iong Quarr& Point district suggested an advancing reef-crest in the
mid Givetian. Conodonts are scarce or absent in horizons from the restricied
back-reef environment as developed at Long Quarry Point (Subfécies iii and
iv), Withy Point and New Quarry (all Area 2). .A little later in the mid
Givetian there was a further episode of deepening, in the Lower varcus
Subzone, during which rather darker limestones (sometimes bedded) and shaly
limestones, shales and tuffs variously accumulated iﬁ Areas 3, 4, 5. The
ieef was re-established during the Lower varcus Subzone (Area 5) and its
deveiopment confinued into the early part of the late Givetian, when.the
figal regression began. Shell beds developed in pockets on the surface of

| the subsiding reef in lower-Middle XEEEE§.subzonal boundary times (Lummatoh
Shell Bed Member), and the reef was capped by the massive, coarsély

' bioclastic and richly fossiliferous Barton Limestone (Area 5). The second
cycle of reef growth again resulted in facles differentiétion, and grey-
red, bedded-massive, crinoidal and bioclastic limestones in Area 4, of mid-
late Givetian age, are interpreted as the back-reef or lagoonal equivalents
éf the successions in Area 5. Conodonts are generally few in number or
absent in the older horizons in Area b; which formed at the fime when there
was active reef growth and the reef was most effective as a barrier to
circulation, while large and fairly diverse, if localised, faunas developed

in the youngest levels as the reef finally regressed and its effectiveness

as a barrier waned. The latter associations provide the only record of

mid-late Givetian icriodids in the Torquay area.

Deposition of the Barton Iimestone continued from late Givetian

into mid Frasnian times (Middle varcus Subzone to Lower asymmetricus Zone,

variously in Areas 5, 6, 7), until'the further deepening of the environment
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Frasnian (Lower asxggetficus Zone, Area 7). This event effe&tively marked
the end of major carbonate development in the Torquay region. Indirect
evidence (residual conodonts)‘in Area 8 points to ?carbonate sedimentation

occurring there later in the mid Frasnian, in the Middle asymmétiicus Zone,

but this was probably negligible. In the absence of older residual faunas
and on the evidence of dissolution of the 6lder, Givefian_limestones in this
district, it seeﬁs 1ike1y,_in fact,_that sedimentation here was very slow
between the late Givetian and mid-late Frasnién and may, at times, have
ceased altogether, an unknown thickness ofalimestone perhaps being removed
during such peribd(s).of cessation. The older (Walls Hill) limestone in
Area 8 ié thus envisaged as a "topographical high" - possibly one of
several? - in the late Gilvetian to mid-late Frasnian seas in the Torguay
érea, while bloclastic limestones énd, subsequently, shales were accumulating
elsewhere. ’By late Frasnian times (ég. triangularis Zone), with the
subsidence which led to the developmént of red slaty (and other) lithologies
‘in Area 8 as cavity infillings withiﬁ, and associated with, the Givetian |
limestones, deep water'conditions were probably_widespread throughout the
- entire region. The basinal ostracod-slate facles became established and
continued into‘thé late Famennian, when there was contemporaneocus volcanic
activity (Area 2). |

The reef developments in Torquay are part of the Tor Bay Reef-
Complex proposed in éouth-east Devon b& Scrutton (1977b). He envisaged
that they constituted a barrier reef, which grew along part of the platform
margin in the Givetian and may have taken the form of a "linear belt of shoal
conditions" without a well defined reef edge (Scrutton 1977b, p.185). Growth
of the barrier clearly affected ehvironmental conditions in the immediate
area, resulting in facles differentiation in the Torguay districi, and,
 according to Scrutton (1977a, 1977b), also had a considerable influence on

the enviromment of the interior platform. He observed that, concurrent with
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the establishment of the barrier reef on the platform margin at Torguay in
the early—mid Givetian, most corals and stromatoporoids disappeared from
sequences-aroﬁnd Newton Abbot and horizons of Amphipora became dominanf iﬁ
dark, well—bedded micrites. These and associated strata were interpreted -
- as the back-reef facles developed behind the sarfier, while ths barrier
itself wés believed to have extended possibly some distance to the north of
north-east of Torquay, suggested by the presence of similar back-reef facies
horizons to the north of Newton Abbot at, for example, Chudleigh. He took
iatevGivetian developments of richly fossiliferous, coarsely bioclastic East
Ogwell Limestone in the Lemon Valley section, the interior platform facies
/equivalent of the Barton Limestone at Torguay, to indicate;the rapid spread
of this facies north—ﬁestwards following its establishment above the subsiding
resf on the platform edge. He considered further’éhat free circulation of
waters into the back-reef regions might have been possible at an earlief
. stage, e&idenced by the late middle‘Givetian age suggested by several workers
for the East Ogwell Limestone at‘WOIborough Quarry near Newton Abbot (Scrutton

1977b, p.185-186).

During Frasnian times the centre of carbonate déposition moved to
the interior of the platform, and the development of massive, bioclastic
limestones south;west of Newton Abbot culminated iﬁ the.formation of

bioherms, as at Ransley Quarry, which are of mid-late Frasnian age (Scrutton

1977&, p.127; 197?b, p.186). The bloherms subsided before the end of the

Frasnian, and were capped by red slates with associated nodular limestones.
This facies was well established at the platform margin by this time, as in
the Petit Tor district and probably also at Saltern Cove, in the southern
part of Tor Bay (see Scrutton 1977a, 1977b; 1978a, p.43-45).

Many of the conodont faunas from Plymouth described by Orchard
(1978) (see Text-fig. 1 herein) compare closely with associations from
Torquay, and there is a falr degree of similarity between the stratigraphical

histories of the two areas. Carbonate deposition began in both districts
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in the'early Eifelian;jwith the appearance of calcareous horizons in Eifelian
shales during lower partitus Zone times (Fauna 1 of Orchard 1978),:and |
initial carbonate development in Plymouth seems to parallel the Daddyhole
Limestone, dark, bedded and platy, crinoidal limestones, sometlmes w1th a
good deal of interbedded shale, forming there from early to late Eifelian
times (partitue to lower ensensis Zone; Faunas 1-3, 5). There appears to
heve been considerably more volcanic activity during this interval than in
-Torquay, evidenced by the 17.5 m thickness of tuffs recorded by Orchard
(1978, p.920) at Faraday Road, assoclated with carbonates referred to

* Faunas 3 and L,

" _.The main period of build-up of massive stromatoporoid limestones,
as developed in the Cettedown district in the east of Plymouth (Faunevé;
upper ensensis Zone) began in both regions in the early Givetian, butAit
appears toihave continued later there, into the Frasnian: Orchard.(1978,
p.917, 922, 925) reported a iowermost asymmetricus Zone aSsociation from
massive stromatoporoid limestones at West Hoe (Fauna 10), and thought that
there were undated equivalents in southern Cattedown. It is interesting to
note that there was a brief phase of stromatoporoid limestone accumulation
in Plymouth in the Eifelian (Fauna 4; kockelianus Zone),'associated with and
perhaps facilitated by the development of the tuffs in Faraday Road.
Stromatoporoids seem to have played a smaller part in the total "coralline
growth" in Plymouth than in Torguay, and the framework so produced probably
had a rather different morphology in the two areas. Orchard (1978, p.925)
indlicated that the overall "biogenic" development there did not constitute e~
wave resistant structure, But it nevertheless resulted in some extent of
facles differentiation and limestones in the east and south-east of the
reglon (at Saltram-Pomphlett and Hooe respectively), where Amphipora occurred
but conodonts were absent, were interpreted as having formed in a partially
restricted, back-reef environment. Developments of varcus Zone age in the

western part of Plymouth, including bedded, sometimes coarscly bioclastic
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liﬁestoﬁes ét Richmond Walk (Faunas ?, 8; Lower and Middle varcus Subzones
respectively) and shell beds at Mount Wise (Faung 9; Middle varcus Subzone),
were enviéaged as having accumuléted on the seaward side of the shallow water
carbonate complex which was well established in the Plymouth area by this
time, and which may have SPread’westwards and/or perhaps nqrth;westwards
during. the Givetian (Orchard loc. cit.). The Mount Wise shell'ﬁeds are
similar to those developed at Lummaton, and are temporal equivalents at least
Aof the higher parts of the Iummaton Shell Bed Memﬁer. ; {
An interval of déepening occurred in mid Frasnian times in
. Plymouth, and is represented by thin, pale red, crinoidal.limestones with
red shaie interbeds and partings developed on both the western and eastern

flanks of the limestone complex (Fauna 11; Lower asymmetricus Zone). This

epispde is coeval with the deepening of the environment which saw the
transition from Barton Limeétone to Babbaéomﬁe Slates in Torquay.. Howeve:,
whereas deeper watef conditiéns piobably continued throughout much of the
Torquay région, there was a shaliowing of the environment in Plymouth in the
Middle asymmetricus Zone, represented by massive limestones in thé western |
district (Fauna 12), before a return to deeper water conditions and further

deposition'of the thin red beds in the Upper asymmetricus Zone, at least in

the west'(Fauna 13); massive limestones continued to be developed in the east

at this time, and persisted into the Ag. triangularis Zone (Fauna 14; Radford

Quarry and Durnford St:eet). Fauna 14 occurred also at Fisons Quarry, in red
calcareous sediments assoclated with méssivé mid-late Givetian limestones.
The red sediments included the red lime-mud matrix of the Fisons Quarry
Congiomerate, which Orchard (1978, p.923) interpreted as the infilling of a
crevasse within the older limestones. Fapna 14 demonstrates that red
calcareous lithologies accumulated in close association with older Givetian
.limestones in both Plymouthvand Torqﬁay in Ag. triangularis Zone times. The
youngest conodont associations in Plymouth, of Famennian age, came from réd

calcareous shales and other sediments at Western King, where there was clear
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evidence ofllimestone dissolution (as discussed in Chapter 6, g.v.).
Orchard (1978, pi923, 926) took the evidence of this dissolution and the
presence‘of-admixed elements in collections from thetyoungest limestones in
~ the eastern district (for example; in‘Faune 14 atbﬁadford Quarry) to indicate
that there was a perlod of time when active sedimentation ceased and an -
unknown thickness of limestone (Plymouth Limestone)'mey have been’ removed.
This led him to suggest (also Orchard 19?5b) that the Plymouth Limestone
pers1sted as a topographical high in late Devonian seas, while pelagic
’vostracod—slates were accumulating in regions to the north and west. This
picture is analagous to the situatlon envisaged in Torquay somewhat earlier
~in the Upper Devonian. - _ | |

Matthews (1977, p.108) proposed that the massive Devonian carbonates
of South Devon,vas developed in the Torgquay and Plymouth‘areas, accumulated
neer the southern margin of what he termed the Trevone Basin. This was a
l structurally active; locally'unsteble development, the’basinal character of
which was already in existence during Eifelian times. \Crchard (19?8,‘p.926)
noted‘that his interpretation of facies disposition within the Plymouth-
Limestone, in which open marine conditions apparently existed on the west
and/or north-west side of the complex during the Givetian, whiie'a partially
restricted, back-reef environmentklay behind to the east and south,.supported'
' Matthews proposal. Unfortunately, it has not proved possible to construct
a coherent plcture of facles distribution in the Torquay promontory as |
envisaged herein, although, in view of the fact that the region has suffered
a considerable amount of structural dislocation and disturbance it seems
- rather unlikely that the present configuration of facles will bear any strong
resemblance to the original; This is probably especlally trne with regerd to
the relationship between reefal developments in Area 5 and proposed back-reef
equivalents in Area 4, However, consideration of facies distribution within
the broader context of the Tor BavaeeffComplex, as envisaged by Scruttonb

(1977b), suggests that the restricted back-reef environment lay approximately
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to the nérfh-west of the barrier reef at Torquay during the Givetian, while .
open marine conditions existed immediately to the south, soufh—west and
west, with-deéper water lithologies (thin-bedded limestones and shales, -
fdllowed by juét shales) appearing in thé last direction (see also

Scrutton 1977a, teit—fig. 3). The relative positions of facies in the Tor _
Bay Reef—CompIex is at variance with the comparable model of'facies
disposition in the Plymouth area proposed by Orchard (1978), but it can
-probably still be'reconciled with the idea af the Torquay limestones

accumulating on the southern (or perhaps south—eastern?) margin of such a

development as the Trevone Basin.
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CHAPTER 8.

SYSTEMATIC PALAEONTOLOGY

.Introduction

Huddle (1972) presented an authoritafive discussion en the subject
of conodont taxonomy, in which he described_the twe systems of nomenclature
that have grown up ih the‘field, both a ‘single element, form taxonomy and a
Vmultielemental claesification being in use. Usage of the latter approach,
in which form taxa are plaeed in multielemental assemblages reflecfing the
true biological nature of the conodont—bearing animal, 1s desirable Because
it will ﬁltimately lead to a unified, natural conodont ciassification but,e
as Huddle observed, the former approach continuee to find favour in
biostratigraphical studies.

o Multielemental assemblages in the Devonlan have been proposed by
Klapper‘and fhilip (1971, 1972),’whose work was applied and modified by
Philip and McDonald (1975) and Sparling (1981), and by Ziegler (1972). -
ﬁultynck (1972) suggested possible icriodid assemblages in the Belgian
Couvinian. Xlapper and Philip (1971) described four basic types of'apparatus,
whieh they subsequently releted to a familial classification (Klapper end
Philip 1972). Many‘df'the recognised form genera were incorporated in their

four multieiemental families and, with the exception of Icriodus, one platform

(forﬁ) element, such as Ancyrodella, Palmatolepis and Pelygnathus, was
associafed_in one apparatus (or assemblege) with several ramiform elemente.
The fundamental difference between this approech and that of Ziegler (1972)
'is that the last author preferred to envisage platform elements of the

polygnathid type (e.g. Polygnathus, Ancyrodella, Palmatolepis, Schmidtognathus)

forming an apparatus that was devoid of ramiform elements. He proposed this
scheme because he was of the opinion that, if platform elements were
assigned to apparatuses in which they were associated with several ramiform

types, a great deficiency of the last group became apparent in isolated
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Devonian conodont faunas,

Recognition of multielemental assemblageé is difficult within the
conocdont céllections from Torquay. Faunas are generally‘smail and have
doﬁbtlessly undergone sdme degree of post-mortem sorting and.mixing,
indicated by the fact that many of the conodont-producing litﬁologiés
reflectrhigh énergy depositionai ehﬁironments, and by the fact that specimens,
especially the ramiform (bar) elements,'are often fragmented. The
| assoéiations Probably.bear little relafionship, therefofe, to origiﬁal'
populations, and for tﬁis reason, and also because the study is of a
biostratigraphical rather than a taxonomic nature, a single eleﬁenf, form
taxonomy is used in desciibing the conodonts, in‘preference #o a multi-
elemental appfoach. “The one exception to £his is within the description
of ?he morphologiéally réther variaﬁle spathognathodid group, where the
v: multieiémental genus Ozarkodiﬂa is introduced because of the distinct nature
of its P (spathognathodontan) skeletal element.  In order to be consistent
. with other studies, ramiform‘élements in the Toiquay assoclations ére
'identified in terms of thé system of symbois put forward by Klapper and
Philip (1971: 01, N, A, AZ,.AB etc.).Representative specimens are
illustrated on Plates 18-20 where some poséible multielemental groupings of
the type proposed"by Klapper and Philip (1971, 1972) are indicated, but it
should be noted that.bar elements invariably make up too small a proportion
of a total fauna, with regard to the pgrcentage of platform elements, to
satisfy the requirements of Klapper and Philip's appaiatuses.

Classifications of conodonts have Been attempted by several
authors, such‘és Hass (1962) who produced a utilitarian.classification based
on form taxonomy, in‘whichrhe described some twenty families within.the
order Cénodontdphorida. Lindstrﬂm (1970) presented a detailed, if rather
preliminary, supragenerié classificétion based on multielemental taxonomy,
and divided conodonts into two orders, the Westergaardodinida and the

Conodontophorida. ‘One family was recognised in the former division, while
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the léttefhgrouping (conoddnts proper) embraced éight suéerfamiliesyand_ |
© twenty families. Most of the genera recognised herein belbng to the
vfamilies Icribdontidae; Polygnathidae and Spathognathodontidae.

Diégnoées for the méjority of éonodont genéra describéd in the
following pages are to be found'in the first {hree volumes of the Catalogue
of Conodonts zZiegler 19?3,‘1975, 1977); the diagnosis of Torfodus is given

by Weddige (1977).
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Form genus Ancyrodella ULRICH & BASSLER

Type species: Ancyrodella nodosa ULRICH & BASSLER 1926

Remarks: The genus'is short rangihg, confined to the lower Upper Devonian, and
is stratigrephically importaut, as Ziegler (1958) first recognised. The origins
of the group‘haye been considered by various authors to lie within either the
polygnathids or the (then) spathOguathedids. Ziegler (1962a, text-fig.2) '
envisaged a phylogenetic’sequence in which the earliest representative of the
genus, A.vrotundiloba, evolued from a Broad—platformed polygnathid, probably

Po. a. asymmetricus. Forms transitional between the two gradually developed

lobes by a progressive constriction of the anterior platform,and the entire
platform became simultaneously thicker and the ornament coarser. Aborally, the
distinctive keels df Ancyrodella formed as the undulations of the lower surface
became increa31ngly more distinct and sharper.

Ethington and Furnish (1962, p.1260) suggested a spathognathodid
ancestry for the genus. They examined a complete series of growth stages of
A. curvata (BRANSON & MEHL) and observed, in juvenile specinmens, a marked

similarity to Spathognathodus insitus STAUFFER [Pandorinellina insita].

However, as Glenister and Klapper (1966, p.798) noted, Af curvata is a

phylogenetically late form, its stratigraphical position suggesting a derivation

from A. lobata.
i Studies of the conodonts of the Waterways Formation of Alberta led

Uyeno (1967, p.4-5) to establish A. rotundiloba binodosa, a form which appears

to be a 1little older than the nominafe subspecies, and to favour also a

'spathognathodidwtype ancestry for the ancyrodellids. Because of their relative

. positions in the succession, and because of morphological similarities between

the forms, he proposed a phylogenetic series from Sp. insitus [ Pand. insita |
through his "Sp.? sp." to A. r. binodosa and, probably, to his A. r. subsp. A
(Uyeno 1967, p.5, 11; 1974, p.23, 26, 43, L4). He considered that juvenile -

" specimens of A. r. binodosa resembled ﬁgg.? sp.” in their incipient platfomrm
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development whilst the las£'form lacked the platform of Ancyrodella, and bore
nodes as outgrowths of the lateral sldes. Uyeno observed that his suggested

sequence indicated "a possible phylogeny and origin of Ancxrodella, relating

it with Spathognathodus."
Ziegler (1973, p.22, 35) preferred to relate juvenile foms of

A. xr. binodosa to Sp. sannemanni [Ozarkodina sannemanni]. He thought that this

ancyredellid evolved from the spathognathodid stock perhaps by "expanding the
lateralcbulges and, by developing a node en either side of these lateral
expansions"; 'Aé Orchard (1975a, P.59) noted, there is an analogy to the
possibie spathognathodid—aneyredellid relationship in the Silurian, where
Walliser (1957, p.34) recorded a’phylegeﬁetic sequence between his Sp.

fundamentatus [0. fundamentatus] and Kockelella.

Within the ancyrodellids, the overall outline of the platform is
considered the most important feature for specific differentiafion, and the
development“ef secondary carinae and keels:is also sigpificant, as Ziegler
(1973, p.21-22) noted. He indicated the synonymy of, and described, the gerus,
and a description of Ancyrodella was presented also by Huddle (1968, p.6).

Wlth regard to the multielemental position of Ancxrodella, Klapper
and Philip (1972, p.99) placed the genus in a Type 1 apparatus, in which the
P,01,N, A1 A2 and A3 elements were ancyrodellan, bryantodontan, neoprioniodontan,
hlndeodellan, angulodontan and hibbardellan respectively._ Ziegler (1972
p.94-95) suggested that fhe apparatus might instead be mono-elemental,

composed of paired ancyrodellids, or that Ancyrodella might have formed a two-

platformed apparatus, associated with Ancyrognathus.

Ancyrodella gigas YOUNGQUIST

N

*1947 Ancyrodella gigas n.sp. - YOUNGQUIST, P.96-97, pl.25, fig.23 (= halotype).

”" "
1957 Ancyrodella gigas YOUNGQUIST-MULLER & MULLER, p.1091, pl.i41, fig.8,

pl.142, fig.l.
v1958 Ancyrodella gigas YOUNGQUIST-ZIEGLER, p.4l-42, pl.1il, figs.8, 10, 17.
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v1965 Ancyrodella gigas YOUNGQUIST - KREBS & ZIEGLER, pl. 2, fig. 7.

v1965 Ancyrodella gigas MILLER & YOUNCQUIST [51c] - ZIEGLER (a), pl. 1, flg. 1.
ANDERSON, D. 403, pl. 48, figs. 10, 14,

§

1966 Ancyrodella gigas YOUNGQUIST

1968 Ancyrodella gigas YOUNGQUIST - MOUND, p. 470, pl. 65, figs. 17, 18.

SEDDON (b), pl. 7, figs. 6, 7.

*1970 Ancyrodella gigas YOUNGQUIST

1971 Ancyrodells gigas YOUNGQUIST

SZULCZEWSKI, p. 12, pl. 2, fig. 3, pl.b,

- fig. 1.
UYENO, P- 23"'21"’, plo 1, figs- 1, 8, 9.

1974 Ancyrodella gigas YOUNGQUIST

ORCHARD, p. 926, pl. 114, fig. k.

+1978 Ancyrodella gigas YOUNGQUIST

*1979 Ancyrodella gigas YOUNGQUIST - LANE, MULLER & ZIEGLER, p. 217, pl. 2,

fig. 20.

Diagnosis: A species of Ancyrodella in which the platform has an elongated,
trianguiar outline and bears an ornament of fairly robust, more or less regular
nodes. Secondary carinae and, aborally, secondary keels are developed and reach

the pointed tips of the anterior lobes.

Remarks and comparisons: See under A. aff. gigas.

*

Range: A. gigas extends from the base of the Middle asymmetricus Zone to the

top of the Lower gigas Zone (Ziegler 1971, chart’5; in Klapper and Ziegler

1979, text - fig. 5).

Ancyrodella aff. gigas sensu ORCHARD 1978

Plate 16, figs. 12, 16.

*1947 Ancyrodella sp. - MILLER & YOUNGQUIST, p. 503-504, pl. 74, fig. 13.
1978 Ancyrodella aff. gigas YOUNGQUIST - ORCHARD, p. 926, 928, pl. 114,

figs. 1, 11, 12,

Remarks and comparisons: In contrast to the platform of A. gigas, that of A.
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aff. gigas either lacks or has only a.slight posterior COnstriction, and has =
less well developed anterior lobes; consequently.the platform isurelatively"
‘broader and shorter‘in the latter. | | o

| A,solitary juvenile specimen from Torquay is assigned to this fom on
the basis of a short eouitriangular platform, similar in size and outline to
one illustrated by Miller.and Youngquist (1947. pl. 7#, fig. 13). However,
unlike the latter example, which‘bears ao ornament of several pairs of regular
nodes.:the'material from Plymouth (Qrchard»1978. pl. 114, figs. 1, 12) and ?
from Torquay is less ornamented. The Plymouth specimens bear large random
'nodes, the.nodes of the secondary carinae peing similar in size; the speciﬁen
to hand bears Just a few roonded nodes which‘are smaller than those of the
secondary carinae. The platform of the Torquay example is rather asymmetrical.
» the outer half is wider than the inner, the free blade meeting the anterior
edge ‘two-thirds of the way in from the oﬁter margin. ' The platform of the form
shown by Miller and Younggquist is more or less bisected by the blade—carina,
as eppears to be the case in the Plymouth material, althouéh tﬁe lattervis’

badly sheared.
Compared to A. gigas, A. buckeyens1s STAUFFER has a rather short

equitriangular platform, in which it resembles A. aff. gigas. However, the
anterior platform of A. buckeyensis exhibits a deep V-shaped indentation which
is bisected by the free blade, and because of this feature the anterior lobes
of this species appear attenuated in contrast with those of A. aff. gigas. In
kthe latter, the anterior platform margin is somewhat straighter. The

ornament of A. buckeyensis is distinctive, of ridges and nodose ridges which
are arranged perpendicularly'to the platform margins. Ziegler (1962a, text -
fig. 2) derived A. buckeyensls from A. gigas and, in platfomm configuration,
A. aff, gigas appears to lie somewhere between these two forms.

A. nodosa may also have an equitriangular platform which is s1m11ar
anterlorly to that of A. buckexens1s, but is considerably ‘more reduced overall,

especially posteriorly where a constricted posterior process is developed.
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. A. gigas méy exhibit a restricted posterior platform. This feature is most
pronoupced in the holotype but is rather less well developed in‘subSequent
designations, as Orchard (1975a, p.61) discussed.  However, the posterior
constriction is always less, and the entire platform is relatively longer, in
A. gigas than in A. nodosa. Compared with both A. gigas and A.-aff. gigas, the
ornament of A. ggggég 1s rather subdued and may becomé ridgémlike as in A.
buckeyensis. In evolutionary terms, Ziegler (1962a, text - fig. 2) placed A.
nodosa between A. buckexensis and A. ioides ZIEGLER, while Szulczewskl (1971,
p. 14) suggested’that A. nodosa was probably polyphyletic‘and ﬁay have been
derived also from A. gigas.

Orchard (1978, p. 928) observed_that-specimens assigned to A. glgas
by Szulczewski (1971) and Uyeno (1974) differed from the holotype in their
aboral configuration. These individuals have a relatively longer platform than
A, aff.f515§§ and are maintained herein uﬁder‘é. glgas. Tﬁe ornament of the
| material illustrated by Uyeno (1974, pl. i, figs. 1, 8, 9) consists of numerous
nodes which are aligned in longitudinal rows and is similar to that of A.
EEEQEE' A‘similar tendency was noted by Szulczewski (1971, p. 12) within

his specimehs of A. gigas, and the ornament of A. aff. gigas illustrated by

Miller and Youngquist (1947, pl. 74, fig. 131 cited as Ancyrodella'sp.) also
resembles that of A. Eggg§_. However, A. rugosa has a longer platform than A.
aff. gigas, similar to that of A. gigas, but the anterior lobes are rather nore
rounded than in the latter, and are better developed overall thénin é. aff.
glgas.  Aborally, the secondary keels of A. rugosa are well déveloped but,

unlike those of A. gigas and A. aff. gigas, do not reach the anterior lobe tips.

?

Range and occurrences ‘The full stratigraphical range of A. aff. gigas is not
known. In Plymouth, Orchard (1978, p. 917, text - fig. 2, table 2) recorded
the form from Durnford Street (sample DS1): Fauna 12, assigned by him to the

Middle asymmetricus Zone. Similar material occurs in the Belgian Frasnian

(Mouravieff, pers. comm. in Orchard 1978, p. 928).
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~In Torquay, A. aff. gigas was found at Petit Tor Beach (sample PB-1).

Ancyrodella lobata BRANSON & MEHL

Plate 16, figs.10, 11, 13-15.

*193% Ancyrodella lobata n. sp. - BRANSON & MEHL, p.239-240, pl.19, fig.14, pl.21,
figs.22,23 (pl.21, fig.22 = lectotype, designated by ZIEGLER 1958, p.43).

v+1958 Ancyrodella lobata BRANSON & MEHL - ZIEGLER, p. 43, pl. 11, figs. 6, 9.

+1966 Ancyrodella lobata BRANSON & MEHL - FLAJS, pl. 23, fig. 2.

1967 Ancyrodella lobata BRANSON & MEHL - WIRTH, p. 203, pi. 19, figs. 3, 4.

SEDDON (a), pl. 16, fig. 2.

+1970 Ancyrodella lobata BRANSON & MEHL

SEDDON (b), pl. 7, figs. 8-11, 14-17.

"~ «1970 Ancyrodella lobata BRANSON & MEHL
SZULCZEWSKI, p. 13-14, pl. 3,

+1971 Ancyrodella lobata BRANSON & MEHL

"-”figs..i-h, pl. 4, figs. 2, 3 (see synonymy).
.1971 Ancyrodella lobata BRANSON & MEHL - SCHUMACHER (b), pl. 12, fig. 8.

DiégQOSisz_ A species of Ancyrodella in which a postero-lateral process is .
present but is not well developed,’and bears a secondary carina which is usually
incomplete. Aborally, a corresponding secondary keel may be either completely

or only incipiently déveloped, or may be absent. The oral surface of the

platform bears a nodose ornament.

Remarks and comparisonss: A. lobata is a highly variable species, as

Szulezewski (1971, p.13) noted. The variability is manifest in the development
both of the postero-lateral p:océss and of the whole platform, and in the

' develbpment of the secondary keel andlcarina. The species most closely resembles
A. curvata, which is distinguished by a better differentiated poster6~1ateral
lobe which bears a usually more distinct secondary éarina. The secohdary carina -
of A. lobata is often incipient and indistinct, 6r_may_sometimes become better
developed (compare Szulczewski 1971, pl. 3, fig. &4, pl. 4, fig. 3 with his pl. 3,

fig. 3). Aborally, A. curvata always has a prominent secondary keel which is
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~elither developed thfoughout the entire length of the postero-lateral lobe, or
may stop a little short of the outer margin. The secondary keel'of A. }gygig
does not alﬁays attain the full length of fhe postero-lateral process, or is
sometimes absent‘or, sccasionally, may be as fully developed as in A. curvata.
Within any one specimen of A. lQPéﬁiv the secondary keel and carina db not
necessarily exhibit a similar‘extent of development. |

Orally, both A. lobata and A. curvata show a variety of ornament, from
fine to coarse nodes which may become more or less longitudinally aligned. In
both species the finer nodes‘sometimes may be slightly fused to‘produce short
ridges arranged perpendicularly to the platform margins, and thus‘ths ornament

may resemble that of A. buckeyensis.

Because of the considerable range of morphologlcal variation shown
by A. lobata, some forms may be transitional to A. curvata. Ziegler (1962a, text-
fig. 2)"deriveq"the latter‘species from A. gigas by way of the former.
Specimens of A. lobata in which the secondary keel and carina are only incipient
or more or less absent, and the postero—lateralhprocess only faint, show a
tendency toward A. gigas. Orchard (1975a, p. 60) observed a transitional
sequence within examples illustrated by Szulczewski, from A. gigas through various
fomms of A. lobata to A. curvata (Szulczewski 1971, pl. 4, fig. 1; pl. 4, fig. 3,
rl. 3, figs, 3, 4; pl. 4, fig. &4 respectiveiy). In this series, the postero-
" lateral process becomes gradually better differentiated, and bears a

progressively better developed secondary carina and keel.

The specimens to hand have only a poorly differentiated.patero-laterals
process which bears, aborally, a well developed secondary keel which reaches the
outer margin. Orally, the process bears only.an indistinct secondary carina.

The platform ornament is of fine nodes which become rather ridge-like anteriorly,

where they are arranged normal to the margins.

Range and occurrence:s A. lobata ranges from the base of the Middle asymmetricus

Zone through into the lower, or possibly middle, part of the Upper gigas Zone
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(Ziegler 1971, chart 5; in Klapper and Ziegler 1979, text-fig. 5).

In Torquay, the species occurs at Petit Tor Beach (samples PB-1,2).

Ancyrodella rotundiloba (BRYANT)

1921 Polygnathus rotundilobus spec. nov. - BRYANT, p. 26-27, pl. 12, figs. 1-6,

text~fig. 7. (pl. 12, fig. 1 = lectotype, designated by ZIEGLER 1958, p. i4k4).

~ Diagnosis: A species of Ancyrodella with a triangular or rather oval-shaped

platform which bears at least two, and often numerous, coarse, rounded nodes.
Aborally, the basal cavity is of variable size and up to two secondary keels may

be developed from it, althoﬁgh neither réaches the rounded anterior platform

margivns .

Remarks : Four subspecies of A, rotundiloba have been recognised. A. r. binodosa
appears to be the earliest representative, and A. r. subsp. A sensu UYENO,
A. r. rotundiloba and A. r. alata GLENISTER & KLAPFER subsequently appear. The
véjlidity of A. r. subsp. A has been questioned by, for exa.mple,b Szulczewski (1971,
p. 15) and Ziegler (1973, p. 30) both of whon considered the form synonymous with
A. r. rotundiloba. Only A. r. binodosa and the nominate subspecies are |
recoénised in the Torquay faunas. |

For further remarks and discussions, see Glenisfer and Klapper (1966,
D, 799), Miller and Clark (1967, p. 908-909) and Ziegler (1973, P. 25-26).

The work of MUller and Clark included a study of the ontogeny of A. r. rotundiloba

~

(as A. rotuhdiloba) .

Ancyrodella rotundiloba binodosa UYENO

Plate 1§ figs.17, 18, 20-22, 24.

© %1967 Ancyrodella rotundiloba binodosa n. subsp. - UYENO, p. 4-5, pl. 1,

figs. 2, 4, 5 (figs. 2a, 2b = holotype).
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1970 Ancyrodella prima n. sp. - CHALYMBADSCHA & TSCHERNYSHEVA, pl. 1, figs. 1, 2.

1970 ‘Ancyrodella pristina n. sp. - CHALYMBADSCHA & TSCHERNYSHEVA, pl., figs.3-8.

+1973 Ancyrodella rotundiloba binodosa UYENO - ZIEGLER, p. 35-36,
Ancyrodella - pl. 1, figs. 4a, Wb (originals of UYENO 1967, pl. 1,
figs. 2a, 2b respectively).

'1974 Ancyrodella rotundiloba binodosa UYENO - UYENO, p. 24~25, pl. 1, figs.-z,

L6, pl. 2, figs. 2, 3, 5 (see synonymy).

+1975 Ancyrodella rotundiloba binodosa UYENO - BULTYNCK, p.17-18, pl.1, figs.1-3.

1976 Ancyrodella rotundiloba binodosa UYENO - GARCIA - LOPEZ, P1.2, fig. 1.

Diagnosis: A subspecies of Ancyrodella rotundiloba with 'a triangular platform
which bears a pair of large nodes, one on either side of the carina. A few
incipient nodes may also be present. Aborally, secondary keels are only

incipiently developed from the relatively large basal cavity.

Remarks and comparisons: A. r. binodosa is distinguished from A. r. rotundiloba

and'A. r. alata by the lesser development of the platfoim, particularly posteriorly,

"and by the distinctive ornament of one prominent node on either side of the

carina, soﬁefimes accompanied by a few inqipient‘nodes. Aborally, as Uyeno

(197&, P. 25)"observéd, A. r. binodosa has an oval-shaped basal cavity, larger

than the diamond-shaped cavity of both A. r. rotundiloba and A. I. alata, and

Compafed to the latter, secondary keels are only incipiently developed. ,
Mouravieff (in Bouckaert and Streel 1974, Excursion F, p. 1)

described forms from level F2a at Fromelennes in Belgium, which he considered

to be transitional between A. r. binodosa and A. T. rotundiloba.v The specimens -

ooqurred above the first appearance of the formér subspecies,vand their

platforms bore several additional nodes of a smaller diameter than the two main

nodes. In the same area Bultynck (1975, p. 17, text - figs. 3-5) notiéed a

progressive change from A. r. binodosa to A. r. rotundiloba in the Zone de
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Monstres at the base of F2& at Sourd d'Ave and at Doische. He observed that
transitional examples had up to ten smaller nodes, of almost the same height as
the twé mainlnodes, but the platform was not as well developed poste%iorly as
in A, rotundiloba. These intermediate forms may all be referrable to A. r.
subsp. A, although the speciﬁéhs illustrated by Bultynck (1975; plpvl, figs.
1~3),_a11 from Sourd d'Ave, appear to be consistent with A. r. binodosa.
Mouravieff (pers. comn. in Orchard 1975a, p. 64) has questioned whether the

morphological variations might represent an ecological response rather than a

true evolutionary trend.

Compared with A. r. binodosa, A. r. subsp. A has both a better
developed platform, although not as weli developed as in A. r. rotundiloba and
A. r. alata, and ofnament. The last 1s often of numerous coarse nodes and,
while one node on either side of the carina may be larger than the';est, the
siZe“differgpce is not as marked as in those specimens of A. r. binodosa which
bear incipient nodes in addition to thg two main nodes. Also, the basalycavify
of A. r. subsp. A is often larger than that of A. r. binodosa and may show
bifurcation at one or both ends. As Uyeno (1974, p. 26) noted, juvenile
examples of A. r. subsp. A may resemble A. r. binodosa. However, in small fomms
of the latter nodes in additibn to the two main nodes are not so well
devéioped.

The larger of the two specimens of' A. r. binodosa from Torquay,
shown on Plate 16, figs. 20, 21; 24, resembles one illustrated by Uyeno (1974,
pl; 2, fig. 5), althbugh the basal cavity of the form to hand is somewhat
larger, but lacks the bifurcation sometimes seen in A. r. subsp. A.v The very
small example on Plate 16, figs. 17, 18, 22 is close to jﬁvenile specimens which
:‘ﬁyend (1974, pl. 1, fig. 4, pl. 2, fig. 3) recorded from the base of the
Christina Member of the Waterways Formation. The basal cavity of these formé
is large andboccupies almost all of the aboral surface of the platform.  In
contrast, the basal cavity of the smalleét growth stage of A. r. rotundiloba

figures by Miller and Clark (1967, text - fig. 53) is relatively smaller and
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.diaménd-shaped. Uyeno (1974, p. .25) noted that his juvenile specimens were
similar t0 his "Sp.? sp.". Although the platforms of the fomer are relatively
less well developed than in more mature fomms, the platform of thé 1attér is
somewhat less distinct, the lateral denticles existing rather as outgrowths from
the blade. The nodes of the individual to hand resemble, in latérai view, the
high pointed demticles of Fgg.? sp." but they are developed from the platform,
the form of which is consistent with A. r. binodosa.

!

Range and occurrence: Ziegler (in Klappe£4énd Ziegler 1979, text - fig. 5) showed

the first appearance of A. r. binodosa possibly in the upper part of the Lowermost

asymmetricus Zone, the main occurrence in the lower part of the Lower

asymmetricus Zone. Uyeno (1974, table 1) showed the subspecies ranging throughout

the last Zone. Chalymbadscha and Tschernyscheva (1969, text - fig. 1) recorded
A. gfimé and A. pristina (junior synonyms of A. r. binodosa: see Ziegler

1973, p. 35) below A. r. rotundiloba, A. prima from the uppemmost Givetian.

In Torquay, A. r. binodosa occurs at Babbacombe Cliff (samples

BC-9, -32).

Ancyrodella rotundiloba rotundiloba (BRYANT)

' Plate 16, figs.19, 23.

%1921 Polygnathus rotundilobus n. sp. - BRYANT, p. 26-27, pl. 12, figs. 1-6

(fig. 1 = holotype).
1933 Polygnathus tuberculata HINDE-BRANSON & MEHL(a),p.148,pl.11,fig.9 (only).

1934 Polygnathus rotundiloba BRYANT - HUDDLE, p. 102-103, pl. 8, figs. 36, 37.

. nonl947 Polygnathus rotundiloba BRYANT - YOUNGQUIST, p. 110, pl. 26, fig. 6.

'1956 Ancyrodellarrotundiloba (BRYANT) - HASS, pl. &4, fig. 21.

'v-1957 Ancyrodella rotundiloba (BRYANT) - BISCHOFF & ZIEGLER, p. 42, pl. 16,

figs. 5, 7, 8, 10, 15 (non figs. 6, 9, 11, 12, 16, 17 = A. . alata).

v+1958 Ancyrodella rotundiloba (BRYANT) - ZIEGLER, p. &4-45, pl. 11, figs.

11, 12.
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1959 Ancyrodella rotundiloba (BRYANT) - KREBS, pl. 1, fig. 15.

1966 Ancyrodella rotundiloba rotundiloba (BRYANT) - GLENISTER & KLAPPER,

p. 799, Pl. 85, figs. 9-13. . |
+1967 Ancyrodella rotundiloba (BRYANT) - CLARK & ETHINGTON, p. 29-30, pl. 2,

figs. 6(?), 15 (non figs. &4, 8-10, 13, 14 = A. T. alata; non fig. 7 =
‘A. r. binodosa).

1967 Ancyrodella rotundiloba (BRYANT) - MULLER & CLARK, p. 908, pl. 115,

fig. 8, pl. 116, figs. 1-5.
- 1969 Ancyrodella rotundiloba rotundiloba (BRYANT) - POLSLER, .40k, pl. 4,

figs. 5“8! ..
| 1969 Ancyrodella rotundiloba rotundiloba (BRYANT) - CHALYMBADSCHA &

TSCHERNYSCHEVA, pl.1, figs. 9-12.

1970 Ancyrodella rotundiloba rotundiloba (BRYANT) - XIRCHGASSER, p. 343-344,

Pl' 65: figs' 5! 6! 8’ 9'
1970 Ancyrodella rotundiloba rotundiloba (BRYANT) - SEDDON (b), pl. 7, fig. 1.

+1971 Ancyrodella rotundiloba rotundiloba'(BRYANT) - SZULCZEWSKI, p. 15, pl. 1,

fig. 3 (non fig. 4 = A. r. subsp. A sensu UYENO?; non pl. 2, fig. 6 = ?);

1971 Ancyrodella sinecarina n. sp. - SZULCZEWSKI, p. 16-17, pl. 1, figs. 5, 6.

1972 Ancyrodella rotundiloba rotundiloba (BRYANT) - KLAPPER & PHILIP, p. 99,

pl. 2, fig..l (only). |
«1973 Aﬂcyrodella rotundiloba rotundiloba (BRYANT) - ZIEGLER,VP. 29-31,

Ancyrodella -,pl.<1,vfigs. 1, 2 (originals of BRYANT 1921, pl. 12, fig. 1;
ZIEGLER 1958, pl. 11 fig. 12b respectively).

+1975 Ancyrodella rotundiloba (BRYANT) - GUPTA, D. 158—159, pl. 1 figs. 7, 8.

1976 Ancyrodella rotundiloba rotundiloba (BRYANT) - GARCIA - LOPEZ, p. 176,

pl. 2, figs. 2-4.
+1980 Ancyrodella rotundiloba rotundiloba (BRYANT) - KLAPPER in JOHNSON,

KLAPPER & TROJAN, pl. 3,.figs. 34, 35.

Diagnosis: A subspecies of A. rotundiloba with a triangular platform which
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bears an ornament of coarse nodes. Aborally, secondary keels are only

incipiently developed. - Neither keel, if present, reaches the crimp.

Remarks and comparisons: A. r. rotundiloba is distinguished from A. r. alata

’by the poor development, and sometimes absence, of the secondary'kéels. In
A} r. alata both are pronounced, the inner keel extending anteriorly to the
crimI; the outer keel being shorter an& directed latérally §r sometimes |
posteriorly. Also, as Gleniéter and Klapper (1966, p. 799-800) noted, the oral
surface ornament of A. 5.'ro£undiloba is coarser compared to that of A. r. alata,
the free blade is both higher and compo;ed of fewer denticlés, and the anterior
lobes o? the pléfform are directed anteriorly rather than laterally. It is
the pronounced lateral extension of the anterior lobes of A. r. alata that
produces the distinctive alate outline.

‘Ip outline and in oral surface configuratiép, the platform of A. r.
rotuﬁdiloba méy ieSemble A. rugos, a species which ié not well established, as
- Szulczewski (1971, p. 16) discussed. He observed that, according £o Ziegler
(i962a, text - fig. 2) this form has an evolutionary position between
Av rotundiloba and A. gigas. A. rugosa may be distinguished from A. r.
| rotundiloba aborally by the stronger and more uniform development of the
secoédary keels, which extend close to the anterior lobe tips.

The small specimen from Torquay, illustrated dn‘Platerlé, figs. 19, 23
resembles similar sized exémples which Garcia-Lopez (1976, pl. 2, figs. 3,4)
figured from the Candas Limestone at Luanco in northern Spain. Aborally, the
form to hand exhibits a typically poor development of secondary keels.  The
outer keel is a little longer than the inner and bifurcates slightly, av |
feature noted by Uyeno (1974, p. 25, pl. 2, fig. 6) in his A. r. subsp. A,

although the basal cavity 6f Uyeno's 1llustrated specimen is relatively larger

than in the one from Torquay.

A. r. rotundiloba may be distinguished from A. r. subsp. A by the
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coarser omaﬁén’c of the latter, in which one node on either side of the carina;
may éometimes be larger tha‘n the others, a fea.ture not seen in the former.

As Uyeno (1974, p. 25) described, the platform of A. r. subsp. A may be oval 1n
outline compared to the triangular outline of A. r. rotundiloba, and the basalr.
cavity larger (E'ﬁ' Uyeno 1974, pl. 2, fig. 7) with, as is noted‘above, the
incipiént éeconciary,keels somnetimes showing bifurca.jbion. : bther examples of

A. r. subsp. A (2'57 Uyeno 1974, pl. 2, figs. 1, 8) resemble the nominate
subspecies in their triangular platform outline and diamond shaped basal
cavity, but @he platform is always less well developed compared’to fhe latter,

especially in the posterior part of the unit.

Range and occurrences A. r. rotundiloba extends from the base of the Lower

asymmetricus Zone to the top of the Middle asymmetricus Zone (Ziegler 1971,

chart 5; 1973, p. 30; in Klapper and Ziegler 1979, text - fig. 5).

In Torquay, A. r. rotundiloba occurs at Barton Quarry (sample BQ-18). '



- 117 -

Form genus Jcriodus BRANSON & MEHL

Type species: Icriodus expansus BRANSON & MEHL 1938.

Remarks: Icriodus is usually not a major component of the Torquay faunas. An

exception to this is fouhd in the oldest of the samples to_hand, in which the
genus 1is stratigraphically important, and faunas may consist almost entirely,
and sémetimes totally, of icriédids.

Taxonoﬁic problems are frequenfly encountered within Icriodus.
Descriptions of new species have sometimes been based on inade@uate and often
broken specimens, some of which, such as the holotype of I. nodosus (HUDDLE),
are now lost. Also, a lack bf informatién céncerning ontogenetic and
phylogenetic relétionships within the genus has resulted in thé establishment
of dubioué species and.in ihcbrrectVidentifications. For ekample, the original
description of I. cymbiformis by Branson and Mehl (1938, p. 164) was based on
very small ébeciﬁens khich are now lost. Bischoff and Ziegler (1937, p. 62)
believed thét Juvenile growth stages of various species were included in the
concept, and Schumacher (1971b, p. 102, text-fig. 18) indicated thét such
individuéls might be small forms of I. alternatus, while Klapper (in Ziegler
1975, p. 89) suggested that at least some of the designations of I. cxgbifoimis
in the literature were syhonymous with I. brevis. |

Schumacher (19?15, f. 90) noted the need for monographic reviéion of
the genus, which Rhodes et al. (1973, p. 130) refefred to as a "nomenclatorial
Jungle", and studies of the icriodids made by both Klapper and Ziegler (in
Ziegler 1975) and by Weddige (1977) are partigularly important in this réspect,
because théy have provided a considerable degree 6f reassessment of Icriodus.
. Despite their‘work, it is frequently difficult to make unambiguous
identifications within thé Torquay materialt’because specimens are not
abundant, are often incomplétely énd sometimés poorly preserved, and may also

‘be tectonically deformed. Also, a considerable degree of morphological
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gradation appears to exist between species. For these-reasbns several
designations herein are only tentative, while others are made in terms of a
rather broad Icribdus.compléx,.the I. eXpansus group.

With regard to the criteria used for taxonomic differentiation, the |
aboral configuration was once favoured as one of the most signifiéant
diagnostic features, and in the original diagnoses of I. c. corniger and

I. introlevatus (Wittekindt 1965, p. 629; Bultynck 1970, p. 113 respectively)

rthis was the sole aiagnostic character. The overall appearance of the basal
éév1ty was considered to be important, é;d speclal regard was also given to
the Dpresence or absence in the aboral marglns of such developments as a
sinus, a spur and an antiSpur; and to the form of the poéterior margin of the
basal cavity. However, in ény:one taxon these are not always consistent-.
féatures. For example, a variable development of all four characters is
evident in the type material of I. c. corniger and ié described under thé

I. corniger group. Orchard (1978, p. 930) noted that I. alternatus, as
described and illustrated by Schumacher (197ib, p. 102, pl. 13, figs. 1-7),
ﬁay ér may not have a spur, and a similar variation is exhibited within the
I. expansus group as envisaged by the former author and herein. Bultynck
(19?2) preferred to evaluate both oral and aborél features in order fo
subdivide, and tétestablish p0ssiblé phylogenetic trgnds within,the genus,
and, more'recently, We&dige and Ziegler (1979, ». 161) stated that they
believed the nature of the basal cavity to be no‘longer of prime significance

in specific differentiation. They considered the following characters to be

the critical diagnostic features within the icriodids: proportions (ratio of
length to breadth) of the entire unit, and the course of the length axis;
outline and proportions of the middle platform plus growth point [ "spindle"
of Weddige (1977)]; configuration of the oral surface ornament of the unit in
both plan and lateral view, including that of the blade, and the number of

denticles in each longitudinal row of the middle platform; inclination (in
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lateral vieﬁ) and outline of the lower margins. The authors noted that a
_specific combination of thésé characters, none with.priority, was
"taxohomically signifiéant for each taxon or morphotypef;

Wéddige and Ziegler also made séveral obsgrvations concerning the
ontogeny of the icriodids. They noted that the cross-section of the denticles
showed a continuous increase in size during bntogeny and that‘"crests", or
trans&erse and longitudinal bridges,BeCame increasingly ﬁoreICOmmonly

Adeveloped. They recorded also that additional denticles were sometimes formed
in adult growth stages, and could‘be loé;ted in fhe median roW, on and on
éither side of the bléde, and on the oral éurface of the inner spur. At

least some of these developments are evident in thé Torqﬁay individuals, as

in the large spe01men shown on Plate 3, flgs. 1-3 which is referred to, and

descrlbed under, 1. latecarinatus.

As has been noted above, the Torquaj icriodids show much’giadation
between species. It is noﬁeworthy in this respect that Druce (pers. comm.
in Orchard 1975a, p. 201) considered the configuration of the icriodid
denticﬁlation, especially with regard to the croés-section of the denticles
and the extent of their alignment and fusion, and the proportions of the entire
icriodid unit to be variable and facies dependent. Weddige (1977) and
Weddige and Ziegler (1979) thought that Middle Devonian icriodids févdured
shallow wéter areas, and suggested thét their overall morphologies might
reflect adaptive changes to the.varied>hébitats therein. The ideé was
illustrated ﬁith reference to the I. cofniger group which, accqrding to these
authors, had originated in the late Lower Devénién and had become dominant in
the Middle Devonian. It was believed that‘representatives of the group had
unaergone, and had adapted to, considerable environmental changes between v
the two, from a pelagic and deeper water habitat in the latezLower Devonian
t0 various environments, which included quiet to agitated or turbulent

conditions, in the shallower waters of the shelf in Middle Devonian times. The _
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morphological adaptations within the I. corniger group to the}varied habitats
of the last were evaluated and 1llustrated by Weddlge and Zlegler (1979,

| text-fig. 3) and they described and depicted a phy10geny for the icriodids also
in terms of ecophenotypic groups (Weddige and Ziegler 1979, p. 162-163,
‘text-fig. 2). They env1saged that, following its adaptive phase, the

I. corniger group gave rise to the struvei and regularicrescens branches. Like

the I. cornlger group, the former branch was thought to have developed in
" various habitats, ‘and the 1atter branch was found assoc1ated with crinoidal
and coral limestones, which represented-a weakly agltated to turbulent shallow
water env1ronment. The werneri branch paralleled these developments, and
was correlated with a quiet, shallow wéter habitat.

| Several interpretations of the multielemental Icriodus have been
attempted. Klapper dﬁd Philip (1971, 1972) incorporated the genus within the
mulfielemeptal family Icriodontidae in a Type 4 apparatus, which“was composed
of an icriodontan (I) element and an acodinan (82) element. This proposed
apparatus and a similar, albeit coprolitic,Aassociafion recorded by Lange
'(1968) have been discussed by Bultynck (1972), who examined the position of the
simple cone Acodina. His evidence did not support the idea of the mutual |

occurrence of Icriodus and Acodina in one apparatus, and he preferred to

1

envisage a natural association purely of icriodids. He distinguished and
described eight Icriodus assemblages in the lower Middle Devonian.and five
in the upper Middle Devonian, which were composed either of one form—spegies
or of a morphological transition series of two or three form-species. With
regdrd to Acodina, the form is rare in the Torguay faunas and, whilst it is
“true to say that it is never found without icriodids, the latter often occur
without Acodina. Similar observations have been recorded by Chatterton
(1974, p. 1467-1469, 1478) and by Orchard (1975a, p. 70).

Ziegler (1972) invpl?ed Icriodus in his Lower Devonian Apparatus %

which, 1like the Type 4 apparatus of Klapper and Philip, comprised both

icriodiform and acodiniform elements. He noted that the numbers of the former
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probably exceeded thoselof,the latter, and a similar point was made by
Klapper and Philip (1971, p. 439). | |

| ‘ The age réngé of fhe genus was considered by Ziegiér (1975; p. 68)
to extend'from the latest Silurlan into, and through, the Devonian. The

terminoiogy used herein follows that introduced by Bultynck (1972, p. 74).

'

Ieriodus arkonenslis STAUFFER

} " Plate 2, figs. 29-32, .

*1938 Icriodus arkonensis n. sp. - STAUFFER, p. 429, pl. 52, figs. 10, 15

(fig. 15 = lectotype, designated by KLAPPER in ZIEGLER 1975, p. 77).

1977 Icriodus arkonensis STAUFFER - WEDDIGE, p. 284-285, pl. 2, figs. 26-29

(see synonymy).
*1980 Icriodus arkonensis STAUFFER - KLAPPER in KLAPPER & JOHNSON, pl. 3,

fig. 24.

Diagnosis: A species of Icriodus, in which the platfo;m is biconvex and
sometimes lachryform in outline. =Each half of the middle platform bears
many (eight to ten) narfow, but distinct and close spaced, transverse bridges,
‘ w?ich connect often well aligned lateral and median denticles. AIn oral aspect
the laterals are transversely elongated and wedge or drop-shaped, the medians
rounded. The blade.is short. Aboraiiy, the strong basal expansion occupies

at 1eas£ the posterior half of the unit. A spur and corresponding sinus are

usually developed in the inner margin of the basal cavity.

Description (Toxquay material)s In outline the platform is biconvexrand
broadest in the posterior half of the unit (e.g. Pl. 2, fig. 29) or may be |
rather more pléno-convex (9.5.‘P1. 2, fig. 32). The length axis is incurved,
sometimes strongly so anteriorly, as in the former example. Variation

in curvature and in platform outlinevare probably due, to some extent,

to tectonic deformation. Each half of the middle platform bears eight
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or nine fairly narrow, distinct and c105e'spaced-transverse bridges. Becauée {
the denticulation is well aligned, theflast are developed at right angles to
the somewhat Weaker longitudinal bridges. In oral aspect the médian denticles
aré rounded, ihe'lateral denticles‘transversely elongated and usuéily wedge~
shaped. A few of the lateral denticles are rather more dropushéped, the
marginal part of each of these denticlés beihg swoilen and subcircular in
outline. The growth point compriées at least two denticle series. The
'anterior platforﬁ ﬁay be abruptly constricted, and the growth point strongly
tapered and narrow (E‘ﬂ' Fl. 2, fig. 29)t¢rThe posterior extremity is aiways
blunt. The blade is composed of one denticle which is stout in oral aspect,
but is not higher than'the>upper surface of the rest of the unit in profile.
Aborally, the basal cavity is well preserved only in the specimen
on Plate 2, figs. 29-31. There is a conspicuously wide basal expansion which
ooéﬁfies the posterior two-thirds of the unit. The imner margin of the
basal cavity is broken, but there is some indication of a spur-like developmeni.
Anteriorly, the basal cavity tapers fairly abruptly and narrowly to the tip,

correspbnding to the thin, ridge-like form of the anterior platform in oral

view.

Remarks and comparisons: The material from Torquay is assigned to 1. arkonensis

on the basis of the outline and configuration of the oral surface. The
example shown on Plate 2, figs. 29-31 most closely resembles one illustrated
by Weddige (1977, pl. 2, fig. 28) in the form of the thin, tapering growth
point and the lateral denticles, which are rather wedge-shaped in plan view.
Other specimens shown by Weddige (1977, pl. 2, figs. 26,'2?,‘29) have a growth
point similar to that of the individual to hand on Plate 2, figs. 32, 34.

The last—mentioned of Weddigé's examples, and those figured by Klapper (in -
Ziegler i975, pl. 1, figs. 3b, La), exhibit a strong development of the

drop-shaped lateral denticles.sometimes seen in the available material.
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As described aboﬁe, the basal cavity is well preserved only in one
- Torquay specimen, in which the broad aboral expansion occupies the posterior
two~thirds of the unit. In this respect the individuél is rather unusual,
because in the material figured by Weddige k1977) and by Klapper (in Ziegler
1975: includes lectotype) the basal expansion is less pronouncéd and occujies
more.or less the‘posterior half of the unit. | |

Klapper (QEEEEE'» p. 77) distinguished I. arkoﬁensis from I. expansus
be the presence'of a spur and sinus in the inner margin of the basal cavity
of the former. The I. expansus group (i;'x.) embraces forms both with and without
a spur and, as‘discussed in the introduqtion to the genus, the apparently
variable development of the basal cavity in any one taxon'considerably
diminighes its value as a criterion for specific differentiation. Therefore,
,disregarding'the aboral configuration, I. arkonensis may be distinguished
fioﬁlrepresentatives of the I. expansus group by the‘presence’of-many narrow
and close spaced, but conspicuous, transverse bridges on the oral surface of
the middle platform in the former (up to nine such bridges in each'ha;f of
fhe specimehs to hand), and by the distinct alignment of the denticulation.
Also, the blade in members of the I. expansus group, in contrast with that of
I. arkonensis; is relatively longer, better developed and, in lateral view,
may be higher posteriorly.

These diffeiences being stated, there appears to be‘some degree of
morpholoéical gradation between those specimens assigned to I. arkonensis
and those referred to the I. expansus group, as is manifest in the exampleg"
shown on Plate 2, figs. 18, 25, 27, which afe assigned to and discussed under
the latter (g, v.). Orchard (1978, p. 930) noted that the two forms have been
~placed in synonymy, and observed thét, in his Plymouth representaﬁives of the I.
expansus group, larger specimens resembledil. gzggggggig. However, mne of

his figured individuals appear to be bette; referred to the latter species,

which is maintained herein separately from the I. expansus group.
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A conspicuously large basal cavity, which occupies up to tWOwthiids
of total ﬁnit length, is strongly constricted anteriorly aﬁd has a weak spur
on the inner side is developed in I. norfordi a species erected by Chatterton
(1979, p. 202-203). In the morpholqgy of the basal cavity, I. norfordi is
similar to the specimen from Torquay on Plate 2, figs. 29—31,.But isdistinf
guished both from this form;, and from rather more typical exampleé of
I. arkonensis in which the basal cavity is relatively smaller, by its‘very

different oral configuration. I. aff. expansus sensu CHATTERTON 1979 also

has a large basal expansion, and the or;l surface ofﬁthe middle platform

may bear transverse bridges (g.g. Chatterton 1979, pl. 6, fig. 2), but these
aré neither as close spaced nor as abundant as in I. arkonensis and, compared
to the last species, the blade of Chatterton's forms is better developed.

o Differences between I. arkonensis and thelr I. difficilis were
outlined by Ziegler and Klapper (in Ziegler et al. 1976 p. 118): The margins
of the latter species are subparallel, whereas the platform of the former is
often distinctly wider behind unit mid-length, becaﬁse the lateral denticles
are strongly expanded sideways. The blade 6f I. difficilis is longer and
better developed than that of I. arkonensis, and the median and lateral
denticles someiimes alternate and transverse bridges are not always developed,

whereas in I. arkonensis the denticulation is usually aligned and transverse

bridges are commonly present.

Range and occurrences According to Klapper (in Ziegler 1975, p.77) I. arkonensis

" is of late Middle Devonian (Givetian) age. In the Eifelian Hills of Germany,

Weddige (1977, tables 2, 7) indicated that the specles was restricted to high
Eifelianvlevels. He showed I. arkonenSLS to range from the base of the -

ensensis Zone to higher within this division.

In Torquay, L. arkonensis occurs at Parkfield Road (sample PF-9).
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Icriodus brevis - STAUFFER

Plate 3, figs. 24, 26-29, 31 (aff.).

*1940 Icriodus brevis n. sp. - STAUFFER, p. 424, pl. 60, figs. 36, 43, 44, 52

(fig. bh = lectotype, designated by KLAPPER in ZIEGLER 1975, D. 89).

21970 Icriodus brevis brevis STAUFFER - SEDDON (a), . 735-736, Dpl. 12.

figs. 12~15

21970 Icriodus brevis angustulus subsp. nov. - SEDDON (a) Ds 736 pl. 11,

flgs. 13-24,

1974 Icriodus brevis brevis STAUFFER - UYENO, p. 29-30, pl. 6, figs. 3, 11, 12,

1975 Icriodus eslaensis BOOGAERT - TELFORD, p. 23, pl. 4, figs. 7, 8.

*1977 Icriodus brevis STAUFFER - WEDbIGE, p. 285, pl. 2,.fig. 37 (see

synonymy) . |
*1978 Icriodus brevis STAUFFER - UYENO, p. 18, pl. 4, figs. 28-30, 36-44 (only).

1979 Icriodus brevis STAUFFER - UYENO, p. 248, pl. 2, figs. 4-6.

'1979 Icriodus latecarinatus BULTYNCK - ORCHARD, pl. 1, figs. 14, 17, 20, 22

("Small growth stages which correspond to I. brevis").

Remarks and comparisons: Klapper (in Ziegler 1975, p. 89) considered

I. obliquimarginatus was

I. eslaensis to be a junior synonym of l} brevis.
enviééged by Bultynck (1972, textmfig;17) as the precursor of I. eslaensis
[l. brevis |, which was itself the predecessor of his I. aff. I. eslaensis

[I. latecarinatus]. A similar relationship was indicated by Weddige (1977,

fext-fig. 3), with his I. lindensis as a possible intermediate form..
Compared to I. brevis, I. obliquimarginatus tends to have a relatively

longer blade in which, in profile, both the backward inclination of the
posferior edge and the upward curvature of its upper surface are §tr0nger. The
ﬁnit is also narrower overall than in l.'gggzig. The denticulation of the

last species may be irregular, the denticles of the two latéral rows>not
always being equal in number, and intercalated denticles sométimés being
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present in the median row, but the irregularity of the denticulation of I.

obliguimarginatus is more pronounced.

Thé Torquay specimens are only tentatively referred to I. brevis,
which species they resemble in their.narrow out}iﬁe and relatively long blade.
The t&pe material of I. brevis (see Klapper in Ziegler 1975, pi. 3, figs.
1—3)'béars dis;rete, rounded denticles which are pointed in laﬁeral viéw, and

~those of the lateral rows alternate with the}median denticles. Each
longitudinal row of the middle platform/pomprises between‘tﬁo and five
denticles. Compared tb such forms, the individuals to hand have é stronger
degree both of alignment of the three to five denticles of the median and
lateral rows, and of transverse and longitudinal bridge development, while the
- growth point is less well differentiated. The blades of these specimens bear
’twoﬁto three partly fused aenticles, which are high'in lateral view,
éspecially”posteriorly. This is fewer blade denticles than ih examples of
I. brevis in the literature, in which they number up to_five, and the blade,
in profiie, is highest at 6r just before the posterior extremity, and its
oral edge traces a.convex upward curve.

In plan view the length axis of the Torquay individuals is either
straight or, as in the spécimen shown on Plate 3, figs. 24, 26, 27, may be
rather sinuous.  Only in the last exaﬁple is the basal cavity more or léss
fully preserved. The bowl of the basal cavity occupies the posterior féur-
fifths of tﬁe unit, is symmetrical and‘roughly oval in outline, and has a
rounded posterior margin. A similar aboral development is displayed by one
example from the Waterways Formation of Canada illustrated by Uyeno (1974,
pl. 6, fig. 3). | ‘

The specimens from Toiquay designated I. aff. brevis are all small.
Examples referred to I. brevis in the literature are often small, but

Klapper (in Ziegler 1975, P. 89) noted that the type material of the species

included both very small and larger growth stages! and Seddon (1970a, p. 735~
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736) observed the characters diagnostic of I. brevis in early and more matere
growth stages in his faunas from the Canning Basin of Western Australia. The
last author described two eubspecies, I. b. angustulus and I. b. EESXEE:V
which ﬁere distinguished by the complete fusion of the blade denticles in
the former. .Both are questionably placed in synonymy with I. EEEXZE herein.
Klapper (in Ziegier 1975, p. 149) referred some of Seddon's representatives of
both subspecies o I. subterminus YOUNGQUIST because the two posteriomrmost
denticles in each were remarkably high,»e feature evident in‘the holotype of
the last species.

of partlcular relevance to the Torquay material is an observation
made by Seddon (1970a, p. 729, 735), who noted that I. brevis appeared to be a
member of "an intergrading Icriodus complex" and that forms intermediate
between‘this speciee and I. symmetricus were common in hils Western Australianl

material. "The specimens to hand may represent similar transitional stages,

the aligned denticulation and the Presence of transverse and longitudinal

_bridges suggesting d tendency toward I. symmetricus. Also, the faunas
associated with the Torquay examples indicate that they are somewhat younger
than the upper age limit ofil. brevis, and are more consistent with the age
of .I. symmetricus. However, in contrast with comparably small examples of
the last species (e.g. F1. 3, fig. 17), the blade of the forms designated
I. aff. brevis occuples a greater proportion of total unit length, and the
unit usually has a less distinctly parellel sided outline.

An important diagnostic feature of I. brevis is the high blade, the
character of which is described above. A high blade is present in several
other species of Icriodus, including the Middle Devonian I. angustus STEWART

AND SWEET and I. obliquimarginatus, the Middle-Upper Devonian I. difficilis and

I. latecarinatus, and the Upper Devonian I. alternatus BRANSON AND MEHL,

I. cornutus SANNEMANN, I. costatus'(THOMAS), and I. subterminus.

T. obliquimarginatus is compared with I. brevis above. In contrast
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with the létter, the median and latefal denticles of I. angustus are aligned
pPosteriorly and are connected by transverse bridges. The basal cavity is
Pointed at both ends and has a postero-lateral projection at the posterior
extremity, where the expansion is only slight and the aboral outline is narrow
overall. In profile, the blade of I. angustus is much higher_than that of

I. brevis, and bears denticles which, for the most part, are fused and

posteriorly inclined.

Both l} difficilis and I. latecarinatus have a relatively broader

platform, a shorter blade and a generall}wmore robust appearance than I. brevis.
Also, transverse bridges are a more common development in the first two and,
at least in I. difficilis, the denticulétion tends to be rather less
alternating. |

| I. alternatus shares with I. brevis, and with other species, an
alfegnatiﬁgHdenticulation but, as Klapper (in Ziegler 1975, p. 69) noted, the
most important feature of the denticulation of the former is, in fact, the
extreme lateral compression and/or rather poor development of the middle row
denticles. The blade of 1; alternatus is both shorter and rather less well
differentiated compared to that of I. brevis.

The entire unit of the holotype of I. subterminus (see illustrations
by Klapper 92; éii-, pl. 3, figs. La, 4b) is relatively shorter than I. brevis
and, in lateral -view, the two dentiéles of the blade are more abruptly and ‘
more conspicuously higher than the rest of the upper surface of the‘specimen.
The oral surface denticulation of I. subterminus may resemble that of I. brevis
in its alternaﬁing and sometimes irregular configuration.

In contrast with I. brevis, the posterior part of the unit of both
I. cornutus énd I. costatus 1s clearly arched downwards in profile,and the
blade of the last two forms is distinctive in ifs prominent horn-like

development. I. cornutus and I. costatus may be distinguished from each other

by the extent of downward arching, which is stronger and affects a greater
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proportion of the unit in the latter, and by the relative development of the
median and lateral denticles. In I. cornutus they are discrete and

alternating, whereas in I. costatus they are aligned and joined by transverse -

bridges.

Range and occurrences 'l. brevis ranges from the upper part of the Lower varcus

Subzone to the top of the Lower hermanni-cristatus Subzone (Ziegler in Klapper

and Ziegler 1979, text-fig. 5). In Belgium, Bultynck (1972, text-fig. 14)
recorded I. brevis, as his 1. eslaenéis.assemblage; from the base of Gic
through Gid and into Fia.

In Torquay, I. aff. brevis qcéﬁrs at Petit Tor Beach (samples

PB"'1’ 2’ 39?6’ 12)'

The Icriodus- corniger Group .

Icriodus corniger was fiist described from the German.Ballersbach
Limestone by Wittekindt (1965), and was éharacterised by the presence of a
fostero»lateral,development ("antispur" of Ziegler 1975, D. 95) in the postérior
part of the outer margin of the basal cavity. Subsequent designations have
cons}derably broadened Wittekindt's original concept and, as Bultynck (1976,
text-fig. 9) illustrated, the posterior margin of the basal cavity exhibits
a variable‘configuiation, even in the type material. Traced from the inner
to the outer side, the posterior margin is directed backwards, and‘may be
developed obliquely to the length axis éf the unit, or may be more or less at
right angles to it, and show an embayment in the middle. Other of the type
specimens have a development between these extremes. The antispur itself is
weakly to strongly developed, and has an angular to more broadly rounded
outline. |

Weddige (1977) described two new subspecies of I. corniger, I. c.

ancestralis and I. c¢. leptus. He also treated two established species,

I. rectirostratus and I. retrodepressus, as subspecies of the same form, and
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the nominate subspecies corresponded to I. corniger sensu WITTEKINDT. The

preSent author does not fully concur with Weddige's practice. All the forms

he described are not found in Torquay, and of those that are, 1. retrodepressus
is considered sufficiently distinct to be maintained at specific level, but
still within the I. corniger group. Weddige (1977, p. 287-288, 290) placed

1. introlevatus in synonymy with both I. c. corniger and (his) I. c.

retrodepressus. This form is treated here as a separate species which,

because specimens to hand referred to it (désignated I. aff. introlevatus)

show‘somé gradation towards I. retrodepféésus,_is also included in the

I. corniger group.:

Aborally, members of the group aré characterised by an antero-
lateral innér spur and a posteroélateral antispur,.both being variably
developed in the margins of the basal cavity. The expansion of the last may
beAwide and“subsymmetrical,rand occupies betweén one4third énd one~half of
total uni£ 1ength. In oral aspect, the platform 1s biconvex, concavo-convex,
or rather more pafallel sided in outline, and bears roundgd or, in the case
éf the laterals, sometimes transversely eiongated denticles. Tﬁe three
longitudinal rows of the middle platform each comprise between fife and seven
denticles, and the denticulation is often aligned,at platform ﬁidolengthf
Posteriorly, the median‘denticles may be displaced relatively anteriorward of .

the laterals, and may become suppressed. Transversgbbridges are either

" absent, or are weakly to more strongly developed, and longitudinal bridges

' may be present, connecting the median denticles. Both the growth point and

blade are usually well differentiated. The latter feature is of one to three

denticles, which are variably fused and developed. In profile, the posterior

end of the blade may be high, cusp-like, and posteriorly inclined.
In the Belgian Couviniaﬂ, Bultynck (1972) identified four Icriodus
assemblages which involved the I. corniger group, each with a distinct

stratigraphical range. In ascending order, these were the I. aff. I. corniger -

I. fusiformis - I. rectirostratus aésemblage, the I. Egzg}ggg - 1. aff. I,
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" fusiformis “.l' rectirostratus assemblage, the I. corniger - I. curvirostratus -

1. introlevatus assemblage, and the I. curvirostratus - I. introlevatus

assemblage. He observed (Bultynck 1972, p. 72, 74) a morphological transition
series between the members of each assemblage, which exhibited also vertical
gradation, and thought that the components of each assemblage 6ou1d be viewed
as varianté, wi%h time, of I. corniger. He consequently propdséd that the
gssemblages shouldlbe considered as subspecies of the last form. Bultynck's '
work has been comprehensively discussed by Ziegler (1975,‘p. 95-98) who,
because of insufficient nomenclatorial and taxonomic details within the I.

corniger group, preferred to regard I. rectirostratus, I.aff., I. fusiformis

and I. curvirostratus as junior synonyms of I. corniger. As notedvabové,

Weddige (1977) considered I. rectirostratus to be a subspecies of I. corniger,

and I. aff. I. corniger sensu BULTYNCK corresponded to his I. c. ancestralis.

"Bultynck (1972, p. 79, 80) recognised a further assemblage which

' incorporated the I. corniger group as visualised herein, the I. expansus -

- I. retrodepressus assemblage. Again, transitional forms connected the end

members.‘ The position of I. expansus as envisaged by Bultynck has been
questioned by subsequent workers. Ziegler (1975, p. 143-144) suggested that,
until better understood, most of the specimens designated I. ekpansus in

Bultynck (1970) were better referred to I. retrodepressus, along with the

I. expansus - I. retrodepressus assemblage, and the stratigraphically younger

I. expansus assemblage of Bultynck (1972). Other examples of I. expansus

in Bultynck (19?0) were referred to I. introlevatus (Ziegler 1975, P. 124).

In Plymouth, Orchard (1978, p. 928) considered that his specimens

of I. corniger corresponded to Bultynck's third morphotype of the species

from the I. corniger'- I. curvirostratus - I. introlevatus assemblage, but

the state of preservation was too poor for definité identification of the
last two forms. Because of redesignation of the constituents, it is

difficult to assess whether or not Bultynck's assemblages are still applicable,
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and difficult anyway to relate them to the Torquay faunas. The presence of

I. retrodepressus in the material to hand indicates Bultynck's I. expansus -

;.'retrodepressus assemblage, while specimens tentatively assigned to

I. introlevatus suggest the I. corniger - I. curvirostratus - I. introlevatus

assemblage, as does the morphology of those individuals referréd to I. c.

corniger.A However, certain aspects of the material designated I. aff.

introlevatus (described thereunder) suggest a strong tendency toward I.

retrodepressus. Bultynck (1972, text-fig., 17) indicated that the I. expansus -

I. retrodepressus assemblage may have arisen from the I. corniger - I.

curvirostratus - I. introlevatus assemblage, and I. aff. introlevatus herein

suggests that an assemblage intermediate between the last two may be present

in the Torquay faunas.
N Stratigraphical and distributional anomalies exist within the
I. corniger group, as Weddige‘(1977) observed. He noted (Weddige 1977, p. 286,

tables 6~10) that, in the “léft rhenish shelf-facies" of the Eifel and

Ardennes areas, the ranges of his I. c. rectirostratus and I. c. corniger were

vertically separated by that of I. retrodepressus (as I. c. retrodepressus).

The last taxon was recorded from the Sauerland area of the "right-rhenish-
facies" but was otherwise absent from this region, and Weddige (1977, p. 286,
tables 16-18) indicated that here I. c. corniger appeared to succeed I. c.

rectirostratus either directly, or after just a short gap. He proposed that

the distributional pattern of the various forms was governed by ecological
controls on morphology, which was the basls of taxonomic separation. Weddige
and Ziegler (1979, text-fig. 3) interpreted diagrammatically ecophenotypic
relationships between morphotypes of the I. cbrniger group. (See also the

introductory remarks to the genus).



- 133 -

Tcriodus corniger corniger WITTEKINDT

Plate 1, figs. 12, 14—20 Plate 2, figs. 1, 2, 6(?).

%1965 Icriodus corniger n. sp. - WITTEKINDT, p. 629, pl. 1, figs. 9-12
(figs. 11, 12 = holotype ). |
1967 Icriodus corniger WITTEKINDT - ADRICHEM BOOGAERT, p. 180, pl. 1,

figs. 5, 6.

nonl969 Icriodus corniger WITTEKINIT - CARLS & GANDL, p. 187, pl. 17,

figs. 20-22, pl. 18, fig. 1 (pl: 17, fig. 22, pl. 18, fig. 1 = I. c.

rectirostratus).

- 1970 Icriodus corniger WITTEKINDT - PEDDER, JACKSON & ELLENOR, pl. 15,

fig. 2%, pl. 17, figs. 1, 2.
1970 Icriodus corniger WITTEKINDT - BULTYNCK, p. 103, pl. 1, fig. 8, pl. 2,

figs. 1-6, 8 9 (?), 10 (non fig. 7 = I. retrodepressus)

1970 Icriodus curvatus BRANSON & MEHL - BULTYNCK, p. 103 104, pl 5,

fig. 8 (only).

1970 Icriodus nodosus curvirostratus n. subsp. - BULTYNCK, p. 108, pl. 3,

figs. 3, 4, 9 (only), pl. 4, figs. 1, 2, 5, 6.
1972 Icriodus nodosus (HUDDLE) s. 1. - MCGREGOR & UYENO, pl. 5, figs. 33-35

("form approaching Icriodus corniger WITTEKINDT").

+1972 Icriodus corniger WITTEKINDT - BULTYNCK, text-fig. 2, assemblages

2B, 3B.
+1972 Teriodus curvirostratus BULTYNCK - BULTYNCK, text-fig. 2, assemblage

3D (only).

»1972 Icriodus corniger - I. aff. I. fusiformis - I. rectirostratus

assemblage - BULTYNCK, p. 77, text-fig. 7B (only).

1972 Icriodus corniger - I. curv1r08tratus - I. introlevatus assemblage -

BULTYNCK, p. 77, text—figs- 8D, E (only).

-1975 Icriodus corniger WITTEKINDT - TELFORD, p. 22- 23, pl. &4, flgs. 9, 10

(only).
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*1975 Icriodus corniger WITTEKINDT - ZIEGLER, p. 95-99, Icriodus - pl. 7,figs.

la, 1b, 2, 3, 4, 5 (originals of WITTEKINDT 1965, pl. 1, figs. 11, 12,

9; BULTYNCK 1970 pl. 3, figs. 1, 3, pl. 30, fig. 7 respectively).

+1976 IcrioduS'corniger WITTEKINDT - BULTYNCK, p. 5%, 56, pl. 10, fig. 2,
text-fig. 8, nos. 2, 3. '
*1977 Icriodus corniger corniger WITTEKINDI - WEDDIGE, p. 287-288, pl. 1,

figs. 16-20.
-1978 Tcriodus cornlger WITTEKINDT - ORCHARD p.928, p1.107, flgs 6,8,10,11 29.

«1979 Icriodus corniger corniger WITTEKINDT ~ GARCIA-IOPEZ in ARBIZU et al.,

p. 114, pl. 3, figs. 22, 23.

.1981 Icriodus corniger corniger WITTEKINDT - WANG & ZIEGLER, pl. 1, fig. 1i.

Diagnosis: A sugspecies of I. corniger, in which the platfoim is biconvex

to concavo-convex and weakly incurved in pian view, and fiat in profile. -
Both the gro%th peint and blade are‘well differentiated, and the ietter
comprises two or three denticles which are often fused. Transverse and
longitudinal bridges are commonly developed, and connect mere or iess rounded
and equisized denticles. The lateral and median denticles may or may not be
aligned. An anteriorly directed spur is variabiy developed in the inner- )
margin of the basal cavity. The aboral posterior margin is also variable and,
in lower_pian view, may be arranged obliquely or perPendicularly to the length

axis of the unit, and exhibits a weak to strong postero_lateral antispur.

Remarks and comparisons: The specimens to hand all have incomplete aboral

surfaces. An inner spur, a variable feature as Ziegler (1975, p. 95) noted,
is present in the two examples shown on Plate 1, figs, 14, 15, 20 and fig. 19.
In the first individual, the posterior margih of the basal cavity is developed
at right angles to the length axis of the unit, is embayed in the middle and
an outer postero-lateral expansion i1s indicated. Transverse bridges seem to

become better developed with increased specimen size (compare, for instance,
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examples on'Pl. 1, figs. 16, 17 with the one on P1. 1, figs. 14, 15, 20), and
the laterai denticles‘tend to become transversely elongated and rather more. ‘
aligned with the medien denticles. In small growth stages the lateral
denticles are usuaily located relarively posteriorward of the medians. In
the conflguration of the denticulation and in the development ‘of transverse
.bridges, the larger representatives of I. c. corniger available resemble I.

retrodepressus. However, the latter taxon is distinguished from the former

by the suppression:of the median denticles posteriorly, and by the presence of
a median depression. In profile, the ﬁosterior edge of the blade in both
forms may be similarly inclined backwards, but the posteriormost blade denticle

of l.vretrodepressus is more prominent and cusp-like than that of I. c.

corniger, often conspicuously so.

- Both the growth poinf and blade in the Torquey examples of I. c.
corniger are well differentiated from the middle pletform. The first feature
consists of up‘to two denticle series, the second of two or three denficles
which are.sometimes'fused. The blade appears longest in the specimen shown
on Plate 1, fig. 18. |

' Several individuals are referred to I. c. corniger with some

H

uncertainty. The one illustrated on Plate 2, fig. 1, 6 aéproaehes I. c. leptus
in iie rather narrow and roughly parallel sided middle platform, but the blede:.
is relatively shorter than in this subspecies, and the inner spur 1s located
less far posteriorward. In profile, the npper edge of the posterior half of
the unit in I. ¢. leptus typically follows a convex upward curve, whereas the
upper surface of the example from Torqnay is more or less flat apart'from the
first blade denticle behind the middle platform, which stands slightly

higher than the rest of the unit. The individual shown en Plate 2, fig. Z‘has
| nell developed transverse bridges and an aligned denticulatien,vin which

respects it resembles material referred to I. aff. introlevatus. However,

because the aboral preservation is poor, the specimen is maintained in I.c.
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corniger.
In terms of the assemblages envisaged by Bultynck (1972), and in

comparison with the first I. 9.4corniger morphotype in his I. aff. l.‘corniger -

I. fusiformis - I. rectirostratus assemblage, the secondvmorphotype in his

I. corniger - I. aff. I. fusiformis - I. rectirostratus assenblage had a less

clearly Biconvéi outline, but a better differentiated growth point. Also,
the three longigpdinal rows of the middle platform in the latter morphotype
each contained fewer (up to six) denticles, there was a weaker development of -

transverse bridges, and the blade was simpler and of fewer (usually two)

denticles., In cbnirast, the third I. c. corniger morphotype in the I. corniger-

- 1. curvirostratus - I. introlevatus assemblage had a concavo-convex platform

outline, a curved length axis, and a clqarly differentiated growthyboint.
The_m;ddie platforn bore three longitudinal rows, each of four to five
equisizéd and rounded denticles. Transverse bridges\ﬁere no longef developed,
and the median denticles were displacedvslightly anteriorward 6f the lateral
dgnticles. The Torquay repfesentatives of I. c. corniger have features in:

common with Bultynck's second and third morphotypes, but appear to lie closer

to the latter.

Rangé and occurrence: In terms of earlier terminology, I. c. corniger extended
fron the Upper Emsian, through the corniger Zone and into the bidentatus Zone
(Ziegler 1971, charts 1, 2). In current terminolgy, Weddige (1977, tables

2, 5) showed the nominate subspecies to range from the Upper Batulﬁs Zone

[ partitus Zone of Wedﬁige et al. (1979)] into the c. costatus Zone iﬁ the
Eifelian Hills of Germany. In Belgium, Bultynck's second and third

morphotypes of I. c. corniger, together with their respective assemblage

assoclates (described abdve), ranged throughout Cola, and from the base of
Colb into Co2b respectively. His first morphotype [now I. c. ancestralis]
occurred in the upper part of Em3 (Bultynck 1972, text-figs. 6-8). In tems

of correlations made by Weddige (1977, table &), Bultynck's second and third
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morphotypes £bgether span an intefvai froﬁ the base of the Lower patulus Zone
- [ patulus Zone of Weddige et gl.(1979)] into the c. costatus Zone.

» Iﬁ Torquay, I. c. corniger occurs at Peaked Tor Cove (samples PK-1,
2, 3, 4) and at Tfiangle‘Point (samples TP—12, 14, 16, 17, 22,-26,'27, 28).
Specimeﬁs questicnably referred ﬁo I. c- corniger occur alsé at Triangle Point

(samplé TP-28).

Icriodus introlevatus BULTYNCK

v1957 Icriodus symmetricus BRANSON & MEHL - BISCHOFF & ZIEGLER, p. 64, pl. 6,

figs- 1, 40

v1957 Icriodus nodosus (HUDDLE) - BISCHOFF & ZIEGLER, p. 62, pl. 6, figs.

2: 3 (onIY)’ .
*1970 Icriodus symmetricus introlevatus n. subsp. - BULTYNCK, p. 1;3-114,

pi. 4, figs. 7-11, pl. 5, figs. 1,\2 (pl. 4, fig. 11 = holotype).

1970 Icriodus nodosus curvirostratus n. subsp. - BULTYNCK, p. 108, pl. 3,

figs. 2, 8 (only).

1970 Icriodus expansus BRANSON & MEHL - BULTYNCK, p. 105, pl. 6, figs. 6, 9

(only). '
-197d Icriodus symmetricﬁs n. subsp. a - BULTYNCK, p. 114, pl. 5, figs. 3-5, 7.

1972 Icriodus introlevatus BULTYNCK - BULTYNCK, text-fig. 2, assemblages

3E, 4E.

1972 Teriodus curvirostratus BULTYNCK - BULTYNCK, text-fig. 2, assemblage

4D (only). |
+1972 Icriodus symmetricus n. subsp. a BULTYNCK - BULTYNCK, text-fig. 2,

assemblage 3F.

«1972 Icriodus corniger -ll. curvirostratus - I. introlevatus assemblage

- BULTYNCK, p. 77, text-figs. 8A-C, F (only).
«1972 Icriodus curvirostratus - I. introlevatus assemblage - BULTYNCK, p. 77,

'tex‘b-figs » 9A"C .
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*1975 Icriodus introlevatus BULTYNCK - ZIEGLER, p.123-124, Icriodus-pl.?7, figs.

6,7 (originals of BULTYNCK 1970, pl.4, fig.11, pl.5, fig.2 respectively).

.1981 Icriodus introlevatus BULTYNCK - WANG & ZIEGLER, pl. 1, fig. 6.

Diagnosis: - A species of Icriodus, in which the platform is biconvéx in

| outline, and is pointed at bdth ends. The rounded median denticles tend to

be displaced slightly anteriorward of theilateral denticles, and may be subdued
posteriorly. The lateral denticles are also rounded and some may be |

~ transversely elongated, but transverse bridges are never prominently developed,
and are often absent; The wide expansion of the large basal cavity occupies
the posterior half of the unit aborally,'énd is rather asymmetrical to more

or less symmetrical in outline. An outer postero-lateral process (antispur)

‘and an inner antero-lateral spur may be vafiably developed.,

Remarks and comparisons: See under I. aff. introlevatus.,

Range: I. introlevatus, together with associéted forms in the I. corniger -

L curvirostratus - I. introlevatus and I. curvirostratus - I. introlevatus

assemblages, ranges from the base of Colb to the top of Co2d in Belgium,
according to Bultynck (1972, text-figs. 8, 9). Weddige (1977, table 4)
correlated this span with an interval from within the Lower patulus Zone

[ patulus Zone of Weddige et al. (1979)] into the ensensis Zone.

Icriodus aff. introlevatus BULTYNCK

Piate 1, figs. 21-29:

Description (Torquay material): = The platfomm is pointed at both ends, and
is either biconvex in outline and widest at a point one-third of total unit

length from the posterior extremity, or the sides of the middle platform are
subparallel. The length axis is straight or weakly incurved, sometimes
particularly so anteriorly. The lateral denticles are transversely elongated,

the median denticles rounded, and both are largest around unit mid-length,
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'becbming smaller posteriorward. 1In the anterior part of the middle platform;
and at its mid-length, the denticulatién is éligned, and;transverse bridges
are well develqped at right angles to the length axis. The transverse bridges
may become a little less well developed pésteriorly. The final median |
denticle of the middle platform tends to be displaced slightly énteriorward
with respect to'the:corresponding laieral denticles,‘and may also be weakly
suppressed and, sometimes, fused with the penultimate median denticle.
Longitudinal bridgeé are never conspicuously developed, and are usually absent.
The growth point comprises two or'thiéeHAenticle series, which are clearly
more separated than are the transyerse denticle rows of the middle platform.
The blade consists of two partly fused denticlés. In profile, the final blade
denticle may be higher than the upper surface of the rest of the unit, and both
it and the entire posterior edge of the blade'are inclined backwards. The
pos£é¥ior border is either morelbr less straight, or is weakly curved inwards.
| The broad, subsyﬁmetricallexpansioq of the basal cavity is

developed in the poéterior half of the unit. The transition from the bowl

té the gully is abrupt on both the inner and outer sides. The aboral margins
are never completely preserved, but a spur appears to be variably developed

in the inner margin. The posterior border tends to be embayed, and there is

an indication of an antispur.

Remarks and comparisons: In the wide, subsymmetrically developed basal

expansion, which occupies one-half of total unit length, the specimens to

hand resemble I. introlevatus as conceived by Bultynck (1970). He

subsequently placed the form in his I. corniger - I. curvirostratus - I.

introlevatus assemblage, and in his younger 1. curvirostratus - I.

introlevatus assemblage. In the first of these associations, the basal cavity

of I. introlevatus lacked the antiépur developed in I. curvirostratus, whereas

I. corniger had an oblique posferior border, and there was a gradual

transition between these extremes (Bultynck 1970, 1972). However, in view of
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the variability of basal cavity development evident in other icriodid taxa,
as described in the introductory remarks to the genus, it is thought that

specimens designated I. curvirostratus by Bultynck are more appropriately

considered synonymous with I. c. corniger and with I. introlevatus, éfter

Ziegler (1975, p. 98, 124). . The diagnosis of the last form has been amended

to embrace the similarly large, but rather asymmetrical, basal caviiy of

Bultynck's concept of I. curvirostratus, together with the possible development

of an antispur.

The individuals to hand are-only tentatively referred to I.

introlevatus because of the aligned denticulation and the presence of strong

transverse bridges, neither aspect being exhibited by material placed in
synonymy with the Species herein. It is possible that these characters are
indicative of mature growth stages, according to observations made by Weddige

and Ziegler (1979, p.161). However, the largest of the Torquay specimens are

comparable in size with the holotype of I. introlevatus (Bultynck 1970,
pl. 4, fig. 11), and neither of the above features is characteristic of

Bultynck's assemblages which involved I. introlevatus, which might be

expected to have incorporated a range of ontogenetic stages. Instead, the

features are rather more typicalvof his I. expansus - l.'retrodepressus

assemblage, and of I. retrodepressus itself, and the oral surface morphology

of the Torquay individuals appears to be intermediate between that of the last

species and of I. introlevatus. A tendency toward I. retrodepressus is also

suggested by the slight suppression of the posteriormost median denticle in
the material to hand, which is sometimes,accompanied by fusion with the

penultimate median denticle (e.g. P1. 1, fig. 23). However, a similar

suppression is apparent both in the holotype of I. introlevatus, and in other
specimens in the literature referred to the species, but neither in these forms,

nor in those from Torquay, 1s the median depression as well developed as in

I.‘retrodepressus. In profile, the posterior margin and the final blade
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denticle tend to be inclined backwards both in I. introlevatus and I. aff.

introlevétus, and in l.'retrodepressus, but the posteriormost blade denticle

of the first two is never as high, nor as prominently cusp-like, as in the

last. All representatives of I. introlevatus may be further distinguished

from I. retrodepressus by the fact that the broad basal expansion occupies a

greater proportaon (one~half) of totaliunit length in the former, compared
With one-third in ﬁhe latter.

One Canadian specimen which Chatterton (1979, pl. 6,fig. 2)
illustrated and referred to his I. aff. I. expansus exhibits some similarity |

td I. aff. introlevatus, in the development of strong transverse bridges, and

in the configuration and alignment of the denticulation. In oral aspect;
Chatterton's individual is elosest to the example shown on Plate 1, figs.

25-27 herein, but the médian denticles are not réduced posteriorly as in the
.last, and the basal cavity is both less.broadly expanded, and more asymmetrical.
Further, in all Chatterton's specimens‘designated.l. aff. I. expansus, the
greatest platform width is located relatively more antepiorward compaied to

that of I. aff. introlevatus herein, closer to unit mid-length. Returning to

the aboral features, the basal expansion of Chatterton's individuals on (hiQ

Plate 6, figé. 1, 3, 5 occupies up to two-thirds of total unit length, at
least on the outer side. In this respect, the material resembles I. n. sp. A
sensu ORCHARD 1978.

The stratigraphically older species I. fusiformis also has a

conspicuously wide basal cavity, but this possesses a stronger postero-lateral

deQelopment than is seen in either I. introlevatus or I. aff. introlevatus.
The first may be further differentiated from the last two by, in oral view,
the configuration of the'posterior part of the unit, where the lateral denticle

rows extend as far posteriorward as the median TOW.

Occurfence: In Torquay, I. aff. introlevatus occurs at Triangle Point

(sample TP-17).
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Tcriodus retrodepressus BULTYNCK

Plate 1, figs. 1-11, 13.

1956 Icriodus nodosus (HUDDLE) - ZIEGLER, p. 102, pl. 6, figs. 18-19.

*1970 Icriodus retrodepressus n. sp. - BULTYNCK, p. 110-111, pl. 30, figs.

1-6 (fig, 1 = holotype).

1970 Icriodus corniger WITTEKINDT - BULTYNCK, p. 103, pl. 2, fig. 7 (only).

1970 Icriodus expansus BRANSON & MEHL - BULTYNCK, p. 105~106, pl. 6, figs.

4! 5 7 (only). - ‘
1971 Icriodus nodosus (HUDDLE) - SCHUMACHER (2), p. 93, pl. 9, figs. 1-6 (only).

*1971 Icriodus nodosus (HUDDLE) - ORR, p. 38-39, pl. 2, figs. 20-23.

*1972 Icriodus expansus - I. retrodepressus assemblage - BULTYNCK, p. &0,
textwfigs. 104, B, ¢(?), F (only).

1975 Icriodus retrodepressus BULTYNCK - ZIEGLER, p. 143-144, Icriodus -

pl. 8, figs. 4, 5 (originals of BULTYNCK 1970, pl. 30, figs. 1, 4

respectively).

#1977 Icriodus corniger retrodepressus BULTYNCK - WEDDIGE, p. 290-291, pl. 1,

figs. 10-12.

+1978 Icriodus retrodepressus BULTYNCK - ORCHARD, p. 930, pl. 107, figs. 1,

2, 4, 5, 33 (only).

Diagnosis: A specles of Icriocdus in which the platform is biconvex in outline,
the lateral and median denticles are well aligned, and trans?erse bridges

are qommonly developed. The median dehticles become partly or completely
subpressed posteriorly, where they are located in a central depression.

The posteriormost and/or penultimate denticle of at least the outer lateral
row is strongly laterally developed. The posteriormost.denticle of the blade
is a high and prominent cusp which, in profile, is often strongly posteriofly

inciined, as is the posterior edgerf the blade. The aboral expansion is

fairly broad, and is developed in the posterior third of the unit. The outer
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side is rounded, and é spur is variably developed in the inner margin.

Remarks and comparisons: I. retrodepressus is characterised by the morphology
of the §0sterior part of the_middle platform, which is locally depressed

where the median denticles are either subdued or, sometimes, are coﬁpletely
absent. This feature is well'developed in all the individuals avéilable.
Weddige (1977, p. 291) observed that, dufing the short stratigraphical range

of 1. retrodepressus’in Germany, the median depression becomes progressively

clearer. TIn early foms the final median demticle of the middle platform is
reduced, or may be qued with the penultimate denticle, whereas in later
forms'up to three median denticles, including the first denticle of the
blade, have become extremely reduced, and may disappear. .The specimens herein
on Plate 1, figs. 1, 13 and Plate 1, figs.vh, 5, 9 appear to be of the early
and late types respectively, but are not stratigraphically distinct. Weddige
(}99; g}i.) noted a further tendency, émOng his stratigraphically younger
forms, for the lateral denticles on either side of the median depression to
be.clearly enlarged outwards. One of his examples (Wéddige 19?7, pl. 1, fig.12)
is strongly developed in this manner, and the platform is roughly equitriangular
in 0ptline as a result. The Torquay specimen on Plate 1, fig. 4 approaches
this moiphology to some extent. Sometimes, as Bultynck.(19?o, p. 111)
recorded, only the outer lateral row is affected, and either the final 6r
the penultiééte denticle of this row is conspicuously enlarged and postero-
laterallj,directed, as in the example on Plate 1, fig. 9 herein. This feature
is not consistent within the species, as Ziegler (1975, ». 143) noted.

| The blades in the material to hand are developed into a high cusp

posteriorly. This is characteristic of I. retrodepressus as is, in lateral

view, the strong posteriorward inclination of both the cusp and the posterior

edge of the blade (e.g. Pl. 1, figs. 10, 11), although sometimes these features

may be, less typically, erect (e. g. Pl. 1, fig. 7).
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Range and occurrence: In the Eifelian Hills of Germany, Weddige (1977, tablés

2, 5) recorded I. retrodepressus (as I. c. retrodepressus) from the lower

part of the Lauch Formation, and showed it to range through basal Eifelian
levels, from just below the Lower - Upper patulus Zone boundary into the lower

part of the Upper patulus Zone [ patulus - partitus Zone boundary into the

partitus Zone of Weddige et al. (1979)]. Weddige (in Weddige et al. 1979,

text-fig. 4) showed this range to be that of "l; c. retrodepressus s. 1.",

!

"I. c. rétrodepressus - typ." (i.e. forms with the typical median depression)

being restricfed to withinvthe lower part of the partitus Zone. In Belgium,

Bultynck (1972, text-fig. 10) indicated the range of his I. expansus - I.

retrodepressus assemblage 1o be from the upper part of Colc into the lower
part of Co2b, which is from just below the Lower - Upper patulus Zone boundary
into the c. costatus Zone, according to correlatibns made by Weddige (1977,
tabie LY. Ziegler (1975, p. 144) put Bult&nck's I. expansus assemblage into

synonymy with I. retrodepressus, in which case the range of the latter

would extend considerably higher, to near the top of Co2d (Bultynck 1972,

text-fig. 11).

In Torquay, I. retrodepressus occurs at Daddyhole Cove (samples

DH-1, 2) and at Triangle Point (samples TP-12, 15, 26, 28).

Icriodus expansus BRANSON & MEHL group

Plate 2, figs. 9, 10, 17-28, 33;

Plate 3, figs. 10-12, 14-16, 21, 25,_30.

%1938 Icriodus expansus n. sp. - BRANSON & MEHL, p. 160-161, pl. 26, figs.

18, 19 (only: fig. 19 = lectotype, designated by KLAFFER in ZIEGLER

- 1975, p..109).
1956 Tcriodus expansus BRANSON & MEHL - STEWART & SWEET, p. 267-268, pl.

33, figs. 1, 3, 9, 13 (only).
-1965 Icriodus expansus BRANSON & MEHL - KREBS & ZIEGLER, pl. 2, figs. 8-10.
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1970
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Icriodus expansus BRANSON & MEHL - CLARK & ETHINGTON, p. 39, pl. 3,

figs. 1, 2-(= I. cornutus?).

WIRTH, p. 215-216, pl. 20, figs.

Icriodus expansus BRANSON & MEHL
20, 21.

Icriodus expansus BRANSON & MEHL

SEDDON (a), p. 736, pl. 11,

. figs. 30-32, pl. 12, figs. 1, 2.

1970
71972

21972
1974
1975

1978

1979

..!

°198O
1981

Tcriodus expansus BRANSON & MEHL

SEDDON (b), pl. 4, fig. 12.

Icriodus expénsus - I. retrodepressus assemblage - BULTYNCK, p. 80,

text-figs. 10D, E. (only).

Icriodus expansus assemblage - BULTYNCK, p. 80, text-fig. 11A (only).

Icriodus expansus BRANSON & MEHL - UYENO, p. 30, pl. 6, figs. 1, 2, 5.

Icriodus expansus BRANSON & MEHL - KIAPFER in ZIEGLER, p. 109-111,
Iériodus‘- pl. 1, figs. la, 1b, 2 (new photographs of STAUFFER 1940,
pl. 60, ;figs. 62, 63; BRANSON & MEHL 1938, pl. 26, fig. 19
respectlvely) (see synOnymy)

Icriodus expansus BRANSON & MEHL - ORCHARD p. 928, 930, pl 109,

figs. 2—5, 7, 10, 14, 15, 20, 23.

Icriodus expansus BRANSON & MEHL - CHATTERION, p. 201-202, pl 5,

/ figs. 9, 10.
TIcriodus expansus BRANSON & MEHL - KLAPPER 1n KLAPPER & JOHNSON, pl. 3,

Icriodus expansus BRANSON & MEHL - WANG & ZIEGLER, pl.2, figs. 18, 19.

Description (Torquay material): Both Middle and Upper Devonian specimens are

referred to this group; and are described together. In Middle Devonian

individuals the platform is usually biconvex in outline, and the length axis

is either straight or weakly incurved.  The outline is occasionally rather

concavo

~-convex (g.g. Pl. 2, fig. 22), but this may be the result of tectonic

deformation. The middle platform bears three longitudinal rows, each of

between

four and seven (sometimes eight) denticles. In plan view, the median

denticles are rounded, as are the lateral denticles in Jjuvenile or small



- 146 -

specimens (2,5. Pl. 2, figs. 10, 23, 24), but the latter tend to become
transversely elongated and oval in outline in larger growth stageé (g.gf

Pl. 2, figs. 25-27). The median denticles are usually.displaced sligﬁfly
anteriorﬁard of the laterals in small forms, but the denticulation is better
aligned in mature specimens. Transverse bridges commonlybdeveiop kith
maturity’and may be pronounced, whereas longitudinal bridges are rare and are
never distinct. In all growth étages, fhe growth point is generally well
differentiated from'the middle platform, and usually comprises two denticle
series. The blade is composed of two o}'three denticles and, in profile, its
posterior edge i1s often inclined backwafds. Also, the upper edge may increése
in height posteriorly. The aboral margihs are not well preserved, but the
basal expansion appears to be broad, and occupies the posterior half (or less)
of the unit. The oﬁter side is rounded, and there may or méy not be an
in&iéétion of a spur on the inner side.

Upper Devonian examples have a biconvex to rather more plano-convex
outline. The blatform may be elongated and ﬁarrow (g.g. Pl. 3, fig. 10), or
méy be somewhat shorter and broader (e.g. Pl1. 3, fig. 15). There are between
six and nine denticles in each longitudinal row of the middle platform. As

in the Middle Devonian specimens, the denticulation generally becomes better

aligned with maturity, and transverse bridges become prominently developed,
whilst 1ongitudinal bridges are never strong. In the 1érge example on Plate
3, figs. 14-16, the median and lateral denticles are aligned only at the
anterior end of the middle platform, behind which point the lateral denticles
are located increasingly posteriorward of the medians. This individual is
unusual also in the rather irregular configuration of the denticulation at
‘the posterior end of the unit. The final denticle of the ;nner lateral row
is enlarged, and an additional denticle is developed on the inner side of the
rather sinuous blade. In all specimens, the blade comprises one or two

denticles, the growth point usually one or two denticle series, and both



features tend to be shorter and léss well developed than in Middle Devonian
examples. .In profile, the blade denticles are not higher than the upper
surface of the rest of the unit, and the posterior edge of the blade is either
erect or, more usuallj, inclined backwards.

The basél cavity is well preserved in two of the Uppér Devonian
individuals, and has a rather different/morphology in each. In the spécimen
on Plate 3, figs. 14-16 there is a broad aboral expansion, which occupies the
posterior half of the unit and is roughly symmetrical in outline. The
transition from bowl to gully is dmilar in both the inner and slightly wider
outer halves,-and is located relatively further forward in the latter. Both
the inner and outer margins of the expansion have some degfee of angular
antero~lateral development, but neither exhibits é true_spur._ Behind these‘
developments, the outer margin is'bfoadly rounded, and the inner margin
cur&es slightly inwards. The posterior margin is moie or less straight. 1In
the example on Plate 3, figs. 10-12 the basal expansion is again broad, and
occupies the posterior half of the‘unit. Compared with the previous
ééecimen, the outer half of the éxpansion is relatively wider than the inﬁer,
and the bowl-gully transition is more abrupt on the inner side’than on the
outerg but is still located a little further anteriorward in the Quter half.
A broad spur is developed in the inner margin, behind which there is a weak
embayment. The outer margin is broadly rounded, and the posterior border

shows a slight degree of inward curvature, but again is more or less straight.

Remarks and comparisons: The concept of I. expansus has been used in a broad

sense by various authors (e.g. Orchard 1978, Chatterton 1979), as it is

herein. It is thought appropriate to view this widened concept as the

I. expansus group, after Orchard (1978, p. 928).

As evidenced in the above description and in the illustrations,

the Torquay specimens exhibit a range of morphological expression. However,
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there is an overall conformity with the description Orchard (loc. cit) gave
for ﬁis Plymouth representatives of tﬁe I. expansus group,-which’also included
"both Middle and Upper Devonian examples. He noted that the stratigraphically
older in&ividﬁals were more strongly biconvex compared with ﬁhe younger forms,
while the platforms of the latter tended to be narrower and lohger; with a |
more regular and closer spaced denticulation. He also reported that the
anteridr and posterior denticles tended‘to be more prominent in the Middie
Devonian individuals. These observations are applicable to some extenf to the
faunas té hand, although Middle Devoniéh'specimens with platforms as strongly
biconvex as in several of the Plymouth examples (Orchard 1978; pl.>109, figs.
3, 5, 7) have not been found. However, fhe Torgquay material is'sparse. The
Upper Devonian individuals on Plate 3, figs. 10-12, 21, 25 herein are close
to the Upper Devonian example figured by Orchard (1978, pl. 109, figs. 20, 23).
" The position of I. nodosus (HUDDLE) with respect to this group is
not clear. In the literature (335. Seddonv19?0a, Uyeno 1974), this species
has been distinguished from I. expansus by tﬁe presence of a prominent
aﬁtero~1aterally dirécted spur,‘and a corresponding sinus, in the inner margin
of the basal cavity of the former. In contrast, Schumacher (1971a, p. 94)
proposed that tﬁe‘two be placed in synonymy as 1. nodosus, fhe range of
intraspecific variation embracing a variable spur development. Klapper (in
Ziegler 1975, p. 109-110) has authoritatively discussed the problems
éurrounding the designation of I. nodosus; and preferred to consider it a

nomen dubium. For this reason, the present author has not placed the last

species and the I. expansus group in synonymy, but does not exclude the

possibility that such an action might prove to be appropriate. It should be
noted that, as envisaged by Orchérd (1978) and herein, the l.'expansﬁs group
includeszforms both with and without a spur in the.inner margin of the basal
Eavity.

Ziegler and Klapper (in Ziegler et al. 1976, p. 118) distinguished

I. difficilis from I. expansus by the presence of a spur and sinus in the



- 149 =

inner margin of the basal eevity of the former. However, the aboral
configuration in members of the i;‘expansus group, and in other icriodid taxa,
is variable and, as described elsenhere, is not a reliable charactef for
specific differentiation. The outline of the two forms is thought to provide
a better means of distinction. 1In I. difficilis, the margins of the middle
platform are often parallel, conpared‘with the biconfex outline of the

I. expansus'group. At least in the Upper Devonian representatives of the _
1etter taxon to hand; the oral surface of the entire unit is flat in profile.
In contrast, this part of fhe former taidn tends to increase in height
posteriorward, because a few median dentieles Jjust before the blade are
commonly higher than the lateral denticles, and because the blade itself is
rather high, and is also relatively longer, and somewhat sherper, than in the
I. expansus group. With regaid to the configuration of the npper surface of
the entire unit in lateral view, one late Middle Devonian specimen from
Waldon Hill (Pl. 2,figs. 17, 20) shows tendencies toward I. difficilis.
However, the individual has a clearly biconvex outline, and is maintained

in the I. expansus group.

I. latecarinatus typically has a more alternating, sometimes

irregular.denticulation, and a lesser development of transverse bridges,

compared with the I. expansus group. Specimens from Torquay designated

I. latecarinatus (described thereunder) tend to have a rather less alternating

denticulation, and a better development of.tfansverse bridges, than in the
‘Belgian type material (Bultynck 1975), and in these respects approach the

I. expansus group. However, the denticulation and transverse bridges are
usually even better aligned and developed respectively in the latter taxon
and, compared with all representatives’of the former, the outline is more
clearly bicon#ex, with the greatest width often located a little closer to,
or;at, unit mid-length. The two taxa may be further distinguished in.profile.

The posterior edge of the blade may be inclined backwards in the I. expansus
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"~ group, as in I. latecarinatus, but the blade denticles are not as high nor,

at least 1n contrast with the Belgian examples of the last species, is the
blade as long. |

The Upper Devonian specimen on Plate 3, figs. 14-16 is rather
unusual compared with other Torquay representatives.of the l.<ekpansus group

of this age, and resembles I. latecarinatus both in its somewhat alternating

denticulation, and in the irregularity of the same in the posterior part of
the unit. However, fhe overall outline of the example is consistent with the:
I. expansus group, as is the fomm of the blade, and the basal cavity is rather

N

more symmetrical'than in the type material.of I. latecarinatus. Also, the

individuai is quite large, and the nature of the oral surface irregularity
conforms with mature features which Weddige and Ziegler (1979, p. 161)
noted in the icriodids.

) Comparisons between this group‘and I. symmetricus are made under the
latter taxon. The juvenile Upper Devonian rep;esentative of the I. expansus
group on Plate 3, fig. 30 exhibits tendencies toward I. symmetricus, because
the.bicoﬁvexity of outline 1s less pronounced thaﬁ in larger growth stages
of the former, and the growth point 1s composed of only one very small
denticle. In contrast, howéver, the juﬁenile specimen of I. symmetricus on
Plate 3, fig. 17 has a more distinctly parallel sided platform outline,
together with a well aligned denticulation, and a better development of
transverée bridges. The configuration of the upper surface of the unit in
profile is important in differentiating bétween the two taxa, but the former
example is néw lost, and this feature cannot be assessed.

In some of the Middle Devonian representatives of the I. expansus
group there is a tendency toward I. arkonensis. For example, the individual
on Plate 2, figs. 25, 27 has a rather better aligned denticulation than in
othef members of the group, and eight close spaced, well developed transverse

bridges are present in each half of the middle platform.. However, as this
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sﬁecimen demonstrates, the blade.is better developed in the I. expansus groﬁp
than in I. arkonensis. Further discussion is presented under the last species.
Weddlge (1977) described several new Elfellan spec1es of Icriodus,
and thus effectlvely subdivided the concept of I. expansus as env1saged by
Bultynck (1972, 1975). With regard to Middle Devonian exanples of the I.
| expansus group to hand, those shown on“Platé 2, figs. 23, 24 and fig. 26
‘reseﬁble Weddige's I. struvei and I. n. sp. E respectively. However, a
greater degree of ﬁorﬁhological variation seems to be apparent in the icriodid
taxa than in those of other contemporaneous genera, because of which it is
thought that these incomplete, single specimens cannot pro#ide an evaluation
of the taxonomic andAst;atigraphical positions of Weddige's new species.
| Consequently, until these aSpécts can be claxified, it is preferred that these

particular Torquay individuals be maintained within the broad concept of

the I. expansus group.

Range and occurrence: Klapper (in Ziegler 1975, P. 110) stated that I.

ekpansus ranged from the late Middle Devonian&:ivetian) to the early Upper
Devonian (Frasnian). In Plymouth, Orchard (1978, p. 914-9135, text-fig. 2,
tables 1, 2) recorded the wider concept of the I. expansus group from Teat's
Hill (sampies TH 46, 47, 49), Drake's Island (samples DI 153), Cattedown
Quérry (sample CQ 10), and Gasworks Quarry (sample GQ 20): all fauna 6,

correlated by him with the (then) obliquimarginatus Zone. Upper Devonian

representatives of the group occurred at Western King (samples WK 4, .5).

In the Northwest Territories of Canada, Chatterton (1979, p. 169-170) recorded

his broad concept of I. expansus from as low as within the Po. curtigladius

Faunal Unit, and in the succeeding Po. pseudofoliatus and Po. aff. Po. dubius

- "Sp." ormistoni Faunal Units. Klapper (in Klapper and Ziegler 1979, text-
fig; 4) correlated this span with an interval starting as low as within the

australis Zone, which extends considerably downward the lower limit of the
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range gi&én by him in Ziegler (1975).

| In Torquay, Middle Devonian representatives of the I. expansus group
occur at Babbacombe Road (sample BR-3), Lbng Quarry Point (sample LG-6),
Parkfield Road (sample PF-9), Redgate Beach (samples RB-2, 5, 6, 12), Teignmouth
Road (sampie TR-1), and Waldon Hill (Warren Road,‘WH~3). Upper.Devonian forms
occur at Babbacombe Cliff (samples_BC-z, 5, 9, 13), Barton Quarry (samples By-8,

20, 24, 25) and Petit Tor Beach (samples PB-2).

Icriodus latecarinatus BULTYNCK

Plate 3, figs. 1-9, 13, 18-20.

*1975 Icriodus eslaensis latecarinatus n. subsp. - BULTYNCK, p. 19-21,

pl. 2, figs. 7, 8, pl. 3, figs. 1-7, pl. 4, figs. 1-9 (pl. 3,
fig. 5 = holotype) (see synonymy).
21976 Icriodus eslaensis ADRICHEM BOOGAERT - GARCIA - LOPEZ, p. 176, pl. 1,

fig. 1.

1979 Icriodus latecarinatus BULTYNCK - ORCHARD, pl. 1, figs. 1-8 (only).

Diggnosis: See Bultynck 1975, p. 19.

Description (Torquay material): The greatest platform‘widﬁh is situated in
the pOStérior half of the unit, from which point the margins taper slowly
anteriorward, and somewhat more abruptly posteriorward. The platform is -
rather plano-convex in oufline, the convexity of the outer side becoming.
more pronounced_in large specimens (g.g. Pl., 3, figs. 1_3). Thg length axis
_is usually weakly.incurved, but is sinuous in the example on Plate 3,

figs. 7-9. The three lbngitudinal rows of the middle platform each contain
between six and eight denticles. Usually, the median denticles are rounded
and discrete, and longitudinal bridges are absent. The anterior lateral

denticles are rounded, often becoming transversely elongated posteriorly,
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where transverse bridges are usually developed. In large specimens, thesé
| may also be developed in the anterior part of the platform. The denticulation
is subalternating in small growth stages, most strongly so anteriorly, but
tends té become better aliéned in larger fqrms. The growth point is always
at least fairly well differentiated, and consists of two to three denticle ,
series. The blade usually comprises two denticles, which may be partly fused
‘and somewhat laterally enlarged. In profile, the Hade denticles tend to
stand higher thaﬁ the oral surface of the rest of the unit, the posteriormost
-denticle sometimes éonspicuously so.v In the same aspect, the posterior
border of the blade, including the final denticle, is weakly to strongly
inclined backwards, and is either straight or is gentlybincurved.

The basal cavity is never well preserved, but there appears to be a
broad aboral expansion which occupies most of the posterior half of the
ﬁﬁi£. The transition from bowl to gully is fairly ébrupt and opposed on both
the inner and outer'sides, and the posterior margin seems to be straight}
The aboral feétures are best preserved in the specimen on Flate 3, figs. 1-3,
‘which is fafher unusual in the configuration of the oral surface.
Irregularities are present in the denticulation at both the anterior and
posterior extremities. At the latter, additional denticles are developed on
either side of the blade, with whiéh they transversely coalesce. The median °
and lateral dénticles; ten in each longitudinalbrow of the middle platform,
are well aligned. In plan vieﬁ, the 1éfera1 denticles exhibit a variable
morphology. They are either elongated-and slender, or are rather swollen gnd
circular at the margins, and are always connected by nérrow, conspicuous

transverse bridges to the median denticles. The latter are joined by well

developed longitudinal bridges, but are themselves much reduced,’being
indicated only by a slight swelling at each right angled junction of the

tranéverse and longitudinal bridges. In profile, the posterior edge of the

blade is strongly inclined posteriorly. Compared both to other individuals

from Torquay, and to those which Bultynck (1972,-1975) illustrated from
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Belgium, this specimen is‘very large.

Remarks and comparisons: 'l. latecarinatus was originally described as a

subspecies of I. eslaensis by Bultynck (1975, p. 19-21) and, as énvisaged by
him, was a rather variable form. The material to hand is also-?ariable,
as the above’description.éﬁd figured examples illustrate.

The Torquay specimens, par%icularly those shown on Plate 3, figs.‘
4-9, are close to individuals from North Devon,.which Orchard (1979)

illustrated and referred to I. latecarinatus. A feature common to both the

Tofquay and the North Devon examples is the form of the blade, which is
relétively shorter than in the Belgiah type material figured by Bultynck
(1975, pl. 2, figs. 7, 8, pl. 3, figs. 1-7, pl. 4, figs. 1-9). In the last,
the blades‘bear between three and five denticles. Both Orchaxd's specimens,
'én& those to hand, also have a better development of transverse bridges and a
rather less alternating denticulation than in those from Belgium, although
neither feature is as well developed as iﬁ the I. expansus group (g.z).
‘nHowever, both the plano-convex outline and weqkly incurved or sinuous length

axis of all these individuals are typical of I. latecarinatus, as are, in

profile, the strong backward inclination of the posterior edge of the blade,
aéd the nature of the oral surface of the entire unit, which tends to become
higher posteriorly; The form of the basal cavity also appears to be consistent
withlthe species.

Many of Bultynck's figured individuals shdw irregularities in
their denticulation. Additional denticles are developed in the median row,
and the denticles of one or both lateral rows may vary COnsiderably in size.
The denticulation is irregular in the posterior part of the Torquay specimen
on Plate 3, figs. 13, 18, in which the posteriormost denticle of the outer
iateral row.is enlarged. The large specimen on Plate 3, figs. 1-3 also has an

irregular denticulation, as described above. In fact, the irregularity is.

rather more apparent in this individual than in the Belgian material, and the
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pronounced formation of transverse and longitudinal bridges throughout the

middle platform is atypical of I. latecarinatus. However, these features
are all consistent with developments which Weddige and Ziegler (1979, p. 161)
Observed in mature icriodids.

"The blade of I. difficilis may be similar to that of'l. latecarinatus,

but tends to bé shorter and less posteriorly inclined in the former. The
latter species has a plano-convex or, sometimes, rather biconvex outline,

énd the lehgth axié is either incu;ved or sinuous. _In contrast, the middle
platform of I. difficilis has subparallel margins and, although the length
axis may sometimes be slightly sinuous,q»it is bften straight. The two |
species may be differentiatéd in profile, several median denticles,hst before

the blade in l. difficilis often being higher than the lateral denticles,

whereas in I. latecarinatus the eguivélent lateral and median denticles are
at‘iﬂé same height. The growth point in the former species is typically
shortér and less well differentiated than,in'the latter, and the denticulation
is usually better aligned, and transverse bridées better developed. In the
lést two reépects,,and in their rather short blades, the Torquay specimens,
especially the one shown on Plate 3, figs. 13, 18, approach I. difficilis.
HoweYer, thelr appearance in laterél aspect is not éonsistent-.with this

_species, and the overall outline is characteristic of I. latecarinatus.

Range and occurrence: In Belgium, I. latecarinatus first appears at the base

of the Assise de Fromelénnes, ranges from the base of Fla into F1b and occurs

also in the Lower asymmetricus Zone (Bultynck 1972, text -fig. 15; 1975,

text-figs. 2, 5; pers. comm. in Orchard 1979, p. 131). 1In terms of
correlations made by House and Ziegler (1977, text-fig. 5), this range begins
as Jow as within the Middle varcus Subzone.

In Torquay, I. latecarinatus occurs at Babbacombe Cliff (sample

'BC-32) and Barton Quarry (samples BQ—i;v18, 24).
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Icriodus obliquimarginatus BISCHOFF & ZIEGLER

Plate 2, figs. 3-5, 7, 11-16 (aff.).

v¥1957 Icriodus obliquimarginatus n. sp. - BISCHOFF & ZIEGLER, p. 62-63,
pl. 6, fig. 14 (= holotype).

?1970 Icriodus regularicrescens n. sp. - BULTYNCK, p. 111-112, pl. 8,

figs. é, 4, 6-8 (only).

1975 Icriodus obliquimarginatus BISCHOFF & ZIEGLER - ZIEGLER, p. 135-137,

Icriodus - pl. 3, figs. 9, 10a, 10b (figs. 9, 10a = originals of
WITTEKINDT 1965,p1. 1, fig. 13; BISCHOFF & ZIEGLER 1957, pl. 6, fig.
14 respectively; fig. 10b = new photograph of last specimen) (see

synonymy) . , |
1976 Icriodus obliguimarginatus BISCHOFF & ZIEGLER - ZIEGLER & KLAPPER in

ZIEGLER, KLAPPER & JOHNSON, p. 118, pl. 1, figs. 8, 9.

1977 Icriodus obliguimarginatus BISCHOFF & ZIEGLER - WEDDIGE, p. 294,

pll 2, figS| 33"35.
*1978 Icriodus obliquimarginatus BISCHOFF & ZIEGLER - ORCHARD, p. 930, pl.

107, figs. 7, 9, 13, 14, 17, 18, pl. 109, figs. 1, 8.

Diégnosis:- -An elongated and sleﬁder species df Teriodus, in which the
biade is conspicuously long, and may comprise one-half or more of total unit
length.  In profile, the upper surface of the Blade forms a convex upward
crest, which is clearly higher than thg upper surface of the rest of the
unit, and the posterior edge is_&iSfinctly inclined backwards. The

denticulation of the oral surface of the entire platform is often irregular.

Remarks and comparisons: In the original diagnosis of Bischoff and Ziegler

(1957, p. 63), I. obliguimarginatus was characterised by the backward
inclination of the posterior margin'of the blade, evident in lateral view.

In contrast, both Seddon (1970b, p. 54) and Weddige (1977, P. 29%) preferred
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to exclude this feature_ffom their respective diagnoses of the species.
Although not consistently developéd in the material to hand, the character
is retained herein and, together with the convex upward curve traced by the

oral edge of the blade, which is higher than the upper surface of the rest

of the unit, serves to distinguish I. obliquimarginatus from l{ regularicrescens.
Further, the fbrmer species typically has a relatively longer blade, and

often a more irregular denticuiation over the oral surface of the entire unit,
rin comparison'with‘the latter.

None of the specimens to hand is well preserved, and all exhibit

dissimilarities both toward each other, ‘and toward I. obliquimarginatus. For

these reasons, it is thought that hone may be unambiguously referred to the
species. The blade is longest in the juvenile indi?iduals on Plate 2, figs.

3, Qnandy5, 13;‘in which it comprises at ieast one-half of tOtél unit length.
Only in the former is the posterior edge of the blade inclined backwards

in profile, and then not strongly so. In the latter, this part of the blade
is slightly inclined forwards. The upper edge of the blade is broken in both
specimens, and its nature cannét be discerned. In oral view, neither example
has a distinctly irregular denticulation, the apparent iriegularity in the
first;mentioned specimén being caﬁsed by the presence of adhering particles.

Because of the discrepancies between these individuals and I. obliquimarginatus,

it is considered that they may represent transitional stages between this

species and I. regularicrescehs.' Both Bultynck (1970, p. 112; 1972,.text¥fig.

17) and Weddige (1977, text-fig. 3) have suggested that the former taxon may
have arisen from the latter. Orchard (1978, pl. 107, fig. 23) assigned a

rather similar juvenile specimen to. I. regularicrescens but, because of the

long blade, it is preferred that at least the available example be

tentatively referred to I. obliquimarginatus.

Only in the specimen on Plate 2, figs. 15, 16 does the blade

exhibit, in profile, the convex upward curve of the upper edge, and the
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distinct backwards inclination of the posterior border, characteristic of I.

obliguimarginatus. However, the blade occupies a lesser proportion of total

unit'length‘than is fypical of the species, and the middle platfo;m is
"somewhat broader, and bears a better developed denficulation, than is usual.
Further, a spur is present in the inner margin of the basal cavity, which is
also a develdpment uncharacteristie of thevtaxon. Bultynck (1972{ p. 81)
described specimens from Belgium which occurred in the same stratigraphical

i

horizons as, but not together with, I. obliquimarginatus. In comparison with

-this species, they had a relatively broader platform, more denticles in the
three'ldngitudinal rows of the middle platform, and a relatively shorter
blade. With regard to the aboral features, the transifion from the bowl to
the gully of the basal cavity was rather more abrupt in these individuals,
and a distinct spur was developed in the inner margin. He designated the

forms I. aff. I. obllquimarginatus, and suggested that the last character

1nd1cated a p0351b1e connection with the I. corniger group. The specimen to
to hand on Plate 2, figs. 15, 16 resembles Bultynck's 1. aff. I.

obliquimarginatus, but differs in having a clear development of transverse .

bridges. Bultynck (loc. cit.) considered these to be characters of I.

regularicrescens rather than of l. obliguimarginatus, but transverse bridges

are present in several examples of the last species in the literature,
including the holotype (see iilustrations by Ziegler 1975, Icriodus-pl. 3,
figs. 10a, 10b).

| Specimens from Waldon Hill en Plate 2, figs.7, 11, 12, 14 are

‘ tentatlvely assigned to I. obllqulmarginatus on the basis of their slender

form and 1rregu1ar denticulation. In profile, nelther ind1v1dua1 has the
blade configuration typical of the species, but this may be due to the fact
that the matefial has been tectenically distorted. The blade is longest in
the example on Plate 2, figs. 12, 14,in which it comfrises over one-third of -
| total unit length. In this specimen, the deﬁticles of the lateral rows afe

much feduced in number, and Just two denticles are developed on either side
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of the median row, which is itself irregularly configured;» In the last

réspect, and becaﬁse‘Of the strongly reduced lateral denticulation, the .

individual approaéhes the genus Pelekysgnathus, especially Pel. elevatus
(BBANSON & MEHL). Compared with.Icriodus; the platform of this genus
comprises just'one longitudinal row of irregular, poorly defined denticles,
on the oial surface of whiéh impersistent cross ridges are often de?eloped.
Fﬁrther, the cusp of somé pelekysgnathids tends tobbe more prominent than

that of the icriodids.

Range and occurrence: l# obliqﬁimarginatus ranges from a little above the
base of the ensensis Zone, almost to the top of the Middle varcus Subzone
(Weddige 1977, table 2;.Ziegler in Klapper and Ziegier 1979, texfmfig. 5).
In Belgium, Bultynck (1972, text-fig. 13) showed the species, as the I.

obiiquimarginétus aséemblage, to range from the base of Gia to the middle,

and possibly to the top, of Gib. According to correlations made by Weddige
(1977, table 4), this range starts within the upper part of the ensensis

Zonel, In the Eifelian Hills of Germany, the 1ast_author recorded forms

transitional from I. regularicrescens to I. obliquimarginatus from the Nims and

" Giesdorf Membérs in the lower part of the ensensis Zone (Weddige 1977, p. 295).

In Torquay, I. aff; obliquimarginatus occurs at Babbacombe Road

(sample BR-9), New Quarry (sample NQ-5), Redgate Beach (sample RB-10) and

Waldon Hill (Warren Road, sample WH-3).

Teriodus regularicrescens BULTYNCK

Plate 2, fig. 8 (cf.).

1965 Icrlodus n. sp. - BULTYNCK, p. B70-71, pl. 1, flg. 1.

*1970 Icriodus regularlcrescens n. spe - BULTYNCK P. 111-112, pl. 7, figs.

1-7 (fig. 2 = holotype; non pl. 8, figs. 2,4,6-8 = I. obliquimarginatuS?)

1972 Icriodus regularicrescens assemblage - BULTYNCK, p. 80-81, text-figs.

12A"‘C .
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1975 Icriodus regularicrescens.BULTYNCK - ZIEGLER,Ip. 139-140, Icriodus -
pl. 8, figs. 1-3 (originals of BULTYNCK 1970, pl. 7, figs. 2, 7, 5.

respectively).

#1977 Icriodus regularicrescens BULTYNCK - WEDDIGE, p.295, pl.2, figs.30-32.

.1978 Iecriodus regularicrescens BULTYNCK - ORCHARD, p. 930, pl, 107, figs.

15, 21-22, 23 (?), 26-28, 31, 32.

.1981 Icriodus regularicrescens BULTYNCK - WANG & ZIEGLER, pl. 1, figs. 4, 5.
Diagnosis: A species of Icriodus which is relatively long and slender in
oral view, and has pointed anterior and posterior extremities. The outer
expansion of the basal cavity is fairly broad,w&hba.regularly crescent-shaped

outline.

Remarks and comparisbné: A single specimen from Torquay appears to correspond

to this speéies in oral aspect but, because preservation is poor, a "cf" desig-
nation is preferred. The median and lateral denticles are rounded in oral view.
Thé former are d;splaced relatively anteriorward of the latter, most strongly
S0 inuthe posterior pért of the unit, and are connected by transvefse bridges.
The lateral denticles'show a slight increase in size anteriorward. Thesev
features are éonsistent with characters which Weddige (1977, p. 295-296)

observed in I. regularicrescens. He further noted that the middle platform

tended to become broader anteriorly. This is not apparent in the example to
hand, in which the sides of the middle plafform are more or less concentric.
The bowing of the length axis in this ihdividual is far more pronounced than
in the material illustrated by Weddige (1977, pl. 2, figs. 30-32), and is

thought to have been tectonically induced, at least in part.

Range and occurrence: In Belgium, Bultynck (1970, pl. 38) recorded I.

regularicrescens from the base of Co2cl1V/R, to as high as Gib. He

subsequently lowered the upper limit of this range, and depicted the species
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(as the I. regularicrescens assemblage) spanning an interval from the upper

half of Co2c, to just into Gia (Bultynck 1972, text-fig. 12). In the Eifelian

Hills of Germany, Weddige (1977, tables 2, 5) showed 1. regularicrescens

to range from within the c. costatus Zone into the lowest part of the
ensensis Zone. Correlations_made by the last author (ﬁeddige 1977, table 4)
indicate that the lower and upper limits of his age range for the species
are both‘displaced downwards with respect to the age rahges given by

>Bu1tynck.

In Torquay, I. cf. regularicrescens occurs at Redgafe Beach (sample

RB"J.Z) . . : » ) . " . o . ’ . . i

Icriodus symmetricus BRANSON & MEHL

Plate 3, figs. 17, 22, 23.

*¥1934 Icriodus symmetricus n. sp. - BRANSON & MEHL, p. 226, pl. 13, figs. 1-3

(fig. 3 = lectotype, designated by KLAPPER in ZIEGIER 1975, p. 151).

1938 Icriodus symmetricus BRANSON & MEHL - BRANSON & MEHL, p. 161, pl. 26,
i figs; 1-3. v
71951 Icriodus sp. - HASS, pl. 1, fig. 17.
1957 Teriodus symmebricus BRANSON & MEHL - MULLER & MULLER, p. 1106, pl. 138,

figs. 1-3, pl. 142, fig. 8.

?1967 Icriodus curvatus BRANSON & MEHL - CLARK & ETHINGTON, p. 38, pl. 3,

fig. 13.
1971 Tcriodus symmetricus BRANSON & MEHL - SZULCZEWSKI, p. 23, pl. 7, fig. 5

(only: fig. 4 = ?) (see synonymy).
*1975 Icriodus symmetricus BRANSON & MEHL - KLAPFER in ZIBGLER, p. 151-153,

Tcriodus - pl. 3, figs. 7, 8 (new photographs of BRANSON & MEHL 1938,
pl. 26, fig. 25; BRANSON & MEHL 1934, pl. 13, fig. 3 respectively) (see

synonymy and regional occurrences).

+1978 Icriodus symmebricus BRANSON & MEHL - ORCHARD, P. 932, pl. 109, figs.

17, 221 2“" 26! 32v 34'
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- *1979 Icriodus symmetricus BRANSON & MEHL - LANE, MULLER & ZIEGLER, p. 217,

pl. 2, fig. 22. -

/p1 3, fig.h.

1980 Icrlodus symmetricus BRANSON & MEHL - KLAPPER in JOHNSON, KLAPPER & TROJAN,

1981 Icriodus symmetricus BRANSON & MEHL - DUFFIELD & WARSHAUER, pl.»l, fig. 11,

DiagnOSiszb A species of Icriodus, inlwhich the eﬁtire unit is.elongated and
rather narrow in outline, and the margins of the middle platforﬁ are
‘parallel. The 1eﬁgth axis is weakly bowed.‘vThe median and lateral denticles
are well aligned, and are connected by transverse bridges. Lohgitudinal»
bridges join the denticles of the medien row which, in brofile, is distinctly
higher than the lateral rows. Aborally, the basal expanéion is subcircular
and asymmetrical in outline, being wider on the oute; side, and oceupies

between one-third and one-half of the unit posteriorly.

Remarks and comparisons: Klapper (in Ziegler 1975, p. 151-153) has thoroughly

discussed the species. Both he and Glenister and Klapper (1966, p. 805)

ﬁlaced in synonymy with it I. curvatus, as concelved by Branson and Mehl (1938).

The specimens from Torquay possess the parallel sided middle
platform eharacteristic of I. ngetricus, and are’eonsistent with the species
alse with regard to the aligned denticulation, the development of transverse
bridges, and the morphology of the median denticle row. The median denticles
are connected by longitudlnal bridges, and are developed into a fused ridge
which, in proflle, is higher than the lateral denticle rows. These
characters are all clearly displayed by the example on Plate 3, figs. 22,

23, which has(eix rounded (in plan view) denticles in each of the three
longitudinal rows of the middle platform. The blade and growth point are
both short in all representatives of the specles to hand, as in the lectotype
(Branson and Mehl 1934, pl. 13, fig. 3). The blade is usually composed of

two elongated, fused denticles, while the growth point comprises two or, in
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the juvenilé'specimen on Plate 3, fig. 17, only one denticle series.

I. difficilis has a rather parallel sided_middle.platform; in
which it resembles I. symmetricus. However, the entire pl#tform of the latter
is relatively nairower in outline, while‘the fbrmer has a slighfly less well
aligned but more closely spaced denticulation, and a 1e§ser defelopment of
transverse bridées. The two species may:be distinguished in lateral view.
In I. difficilis, a few median denticles anteriorward of the blade are usually
higher than the lateral denticles, but longitudinal bridges are not formed,
and the median denticie rpﬁ-dOes not attain the high fused ridge devéloped _ :
throughout most of the middle platform in I. szmmetricus. Again in profile,
the biade of the formervspecies tends to be higher than tﬁat of the latter.
Further, the basal expansion of l; difficilis seems\to be relatively Broader
and more angular in outline. It is noteworthy that I. difficilis is a rather
variable species which, as this and preceeding comparisons demonstrate, seems
to take a position intermediate between several taxa.

l.Asxmmetricus,may be differentiated from members of the I. expansus
group by the character of the upper surface of the unit in lateral view.
In con£rast with the high median denticle row of the former taxon, the
denticles of the threellongitudinal rows of fhe middle platform in the latter !
are at the same height. Further, as Glenister and Klapper (1966, p. 806)
nbted, the lateral rows of I. szmmetricusiare developed concentrically td
the inwardly bowed median row. In I. expansﬁs, the length éxis is generally
straighter and the outline biconvex. The last feature results from‘the
laterai denticles increasing in size posteriorﬁard. and attaining their

maximum development in the central or posterior part of the middle platform.

Range and occurrence: I. symmetricus is of Frasnian age (Klapper in Ziegler

1975, p. 152). Klapper cited many regional occurrences of the species, which

embracéd records from the Lower and Middle asymmetricus Zones (Glenister
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and Klapper 1966; Szulczewskli 1971 respectively), the Ancyrognathus

triangularis Zone (Youngquist 1947; Klapper and Furnish 1963), and the Lower

and Upper gigas Zones (Miller and Mﬁller‘1957{ Klapper and Furnish 1963). 1In
Plynouth, Orchard (1978, p. 917-918, text-fig. 2, table 2) recorded I.

szﬁmetricus in Faunas 11-14, which ranged from the Lower asymmetricus Zone

to the Ancyrognathus triangulafis Zone. In Perak, Malaya, lane et al. (1979,

p. 217, 224, teXtmfig. 2) noted a single example of the species in sample

1382, which they éssigned to the Middle or Upper asymmetricus Zone. Johnson

et al. (1980, table 22) recorded I. symmetricus from samples TA 1V 40 and
TA 1V 63 in the Antelope Range of central Nevada, which they réferred to the

Lower and Middle asymmetricus Zones respectively.

In Torquay, the species occurs at Petit Tor Beach (samples PB-1,2, 6)
‘and at Petit Tor Quarry (samples FQ-3, 4). Material designated I. cf.

symmetricus occurs at Babbacombe Cliff (sample BC~9).
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Form genus Palmatolepis ULRICH & BASSLER

Type species: Palmatolepis perlobata ULRICH & BASSLER 1926.

Remarks: The genus is restricted to the Upper DeVonian,ewhere it has
considerable blostratigraphical significance, as Ziegler (1962b) first
recognised. His zonations of the German Upper Devonian were based on many

specles and subspecies of Palmatolepis} Detailed phylogenies for the genus

have been suggested by various authors, including Ziegler (1962a,1962b), Helms
(1963), Mitller (1956), and Sandberg and Ziegler (1973) Ziegler (1962a,

text»flg. 8) envisaged that Palmatolepls arose from a broadmplatformed

Polzgnathus stock at the base of the Upper Devonian, and depicted Pa.

martenbergensis MULLER [ Pa. punctata (HINDE)] as the central ancestor of

most of‘the palmatolepids which evolved during the early part of this interval.
Lane et al. (1979, D. 217) described a new form genus, Klapperina,

and assignee to it K. disparilie (ZIEGLER & KLAPFER) and K. disparelvea

(ORR & KLAPPER), species which had previousiy been referred (only questionably

in the case of the latter) to Palmatolepis. In oral aspect, the palmatolepid-

like platform of Klapperlna resembles that of the last genus. However, the

central node of Klapperina is only poorly developed, or may be absent,

whereas this feature is better differentiated in many representatives of Palmat-

olepis. The two genera are easily differentiated witﬁvregard to their aboral

features; Not all species of Palmatolepis have a basal cavity, which, when
Present, is Jjust a very small slit de#eloped in the keel. In contrast,
Klapperina is characterised by the development of a large, triaygular or
L-shaped basal cavity, the margins of which stand above the lower surface of
the platform. It should be noted thaf Klapper (in Johnson et al. 1980,

p. 100-101) has questioned the taxonomic position and validity of Klapperina.
The last genus has not been found in the Torquay faunas, and

Palmatolepis is not well represented. Only three species are recognised,

and there is some degree of morphological gradation both toward each other,
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and toward éther forms. The three taxa recorded from Torquay were present
among the eight which Rﬁodes et gl. (1973, p. 121) found in abundance in the
Chudleigh area. It ié interestingvto note that they, too, observed complete
transition between almost all their species.

With regard to the separation of taxa within Palmatolepis, the

following charécters have been considered by various writers (g.g. Ziegler

1962a, 1973; Glenister and Klaﬁper 1966)'to be the most.usefuls platform
Aoutline, and the nature of the oral surface ornamgntation; position and i
configuration of the outer lobe; charéé%er of the blade-carina; position and
form of the parapet, if developed; profile of the posterior plafform; %

The synonymy of Palmatolepis was given by Ziegler (1973, p. 255),

.who thoroughly discussed evolutionary, taxonomic and other aspects of the

genus, and also reviewed its multielemental position. Klapper and Philip

(1972, p. 100) involved Palmatolepis as the platform (P) element in a Type 1

apparatué (multielemental family Polygnathidae, genus Palmatodella), in which 'é
the 01,N, Al, A2 and A3 elements were nothognathellan, palmatodellan, smithiform,
angulodoﬁtan and séutulan respectively. This apparatus was modified by

Philip and McDonald (19?5), such that the 0 element became either ozarkodinan

-or, more usually, palmatodellan, and the N element became lippertiform. Théy

also considered that the A3 element bécame highly variable. Ziegler (1972,/

P. %) preferred a mono-elemental apparatus for Palmatolepis, which comprised

at least one pair of left and right palmatolepids.

Palmatolepis hassi MULLER & MULLER

Plate 17, figs- 7, 9"'12-

’ - " " ‘ .
#1957 Palmatolepis (Manticolepis) hassi n. sp. - MULLER & MULLER, p. 1102-1103,

pl. 139, fig. 2, pl. 140, figs. 2-4 (pl.l4o, fig. 4 = holotype).

*1973 Palmatolepis hassi MGLLER & MULLER - ZIEGIER, p. 281-282, Palmatolepis -

pl. 2, fig. 4 (original of ZIEGLER 1958, pl. 7, fig. 6) (see synonymy).
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+1975 Palmatodella hassi (MULLER & MULLER) - PHILIP & MCDONALD, text-fig.

& (only).
Diagnosis: See Miller and Miller 1957, p. 1103; Ziegler 1973, p. 281.

Remarks and comparisons: Pa. hassi has been discussed by Szulezewski (1971,

. 34), and by Zieglef (1973, p. 281). Both authors preferred to maintain ' !
the form as a distinct species, whereas Mound (1968, p. 499) had thought it |

to be a junior synonym of Pa. gigas MILLER &‘YOUNGQUIST and Anderson (1966,

D. 409) had considered the type materlal of Pa. hassi to be either very
51m11ar to, or identical w1th Pa. subrecta.

Compared with Eg. subrecta, the platform of Pa. Eéééi is relatively
larger and wider, the'course of the blade-carina is less sigmoidal; and the ?
outer lote is situated relatively further anteriorward. Also, the ornament ?
of the latter species tends to be rather more coarsely nodose, and more ;
evenly distributed over the oral surface of'the platform. ‘

' According to Ziegler (1962a, text-fig. 8), Pa. hassi was the

- phylogenetic connection between the earlier Pa. martenbergensis [Eg.

punctata ], and the later Pa. rhenana [Pa. gigas]. Compered to Pa. hassi, Pa.

punctata is more robust in appearance, has a less well differentiated outer

lobe, and the blade-carina is not as distinctly sigmoidal in plan view.
Further, the central node of the latter taxon is often not well differeﬁtiated
from the other nodes of the carina. In the former, the central node tends
to be rather more prominent. Also in contrast with Pa. hassi, Pa. gigas has
a better defined and more distinct outer lobe, and, in lateral view, the
anterior part of the free blade is both higher and more steeply inclined.

In the specimens to hand, the course of the bladewearina is
straighter than in individuals referred to Pa. subrecta, and the outer lobe is
usually developed relatively further anteriorward. The example on Plate 17,

figs., 7, 10 is an exception with regard to the last feature and here the P
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- position of the lobe suggests.'a tendency toward Pa. subrecta. The outer lobe
is Well'differentiated in the individual on Plate 17, fig. 11, and especially

in the deformed example on Plate 17, fig. 12. In this respect, both specimens

approach Pa. gigas.

Range and occurrence: Pa. hassi ranges from the base of the Ancyrognathus

triangularis Zone, into the upper part of the Lower gigas Zone, and possibly

into the lowest par% of the Upper gigas Zone. Only a few examples have been

recorded from as low as the Upper asymmetricus Zone (Ziegler 1971, chart 5;

1973, p. 282; in Klapper and Ziegler 1979, text-fig. 5).

In Torquay, Pa. hassi occurs at Petit Tor Beach'(samples PB-1, 2, 12).

Palmatolepis proversa ZIEGLER

Plate 17, fig. 13 (aff.). :

v¥1958 Palmatolepis proversa n. sp. - ZIEGLER, p. 62-63, pl. 3, figs. 11, 12,

pl. 4,figs. 1-14 (pl. &, figs. 11a, 11b = holotype).

+1973 Palmatolepis proversa ZIEGLER - ZIEGLER, p. 289-290, Palmatolepis -

pl. 2, figs. 5a, 5b (fig. 5b = original of ZIBGLER 1958, pl. &4, fie.
11b; fig. 5a = newrhotograph of same specimen) (see synonymy).

+1981 Palmatolepis aff. P. proversa ZIEGLER - DUFFIELD & WARSHAUER, pl.1,fig.10.
Diagnosis: See Ziegler 1958,p.62;1973,pﬂ289 (translation of original German).

Remarks and comparisons: A single specimen from Torquay, shown on Plate 17,

fig., 13, is closest to examples illustrated by Klapper and Furnish (1963,
text-fig. 2, fig. 8),and by Szulczewski (1971, pl. 10, fig. 2). 1In the
available specimen, the outer lobe is well differenfiated, developed in the
anterior parf of the platform, and.diiected forwards. The anterior margin

of the lobe is bent upwards, and approaches the blade obliquely. These features
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are ail typiéél of Pa. proversa; as 1s the overall slender appearance of the
unit. The lasf character has been accentuated by deformation, which has k
resulted in the specimen Becoming 1aterally compressed and longitudinally
stretched. Distortion may also be at least partly responsible for the course
of the blade-carina, which is straighter than ié usual in Pa. ﬁroversa. |
Because of this aiscrepancy, the individual is referrea to the species with
some uncertainty. |
Compa:ed to Pa. punctata, Pa. proversa has a slimmer form, a

narrower and more anteriorlytdirected od%er lobe, and, typically, a more
strongly sigmoidal bladewcérina. In the rather straight nature of the last
feature, the Torquay specimen appioaches Pa. punctata, and may répresent a

transitional stage between this species and Pa. proversa. Ziegler (1962a,

, text-fig. 8) derived Pa. proversa from Pa. punctata, the latter as Pa.

martenbergensis.

Range and occurrence: Pa. proversa ranges from the base of the Middle

asymmetricus Zone into the lower, and possibly middle, parts of the Lower
gigas-Zone (Ziegler 1971, chart 5; 1973, p. 289; in Klapper and Ziegler

1979’ tex‘t"fig. 5) .
In Torquay, Pa. aff. proversa occurs at Petit Tor Beach (sample

PB-1). .

Palmatolepis subrecta MILLER & YOUNGQUIST

Plate 17, figs. 1-6, 8.

%1947 Palmatolepis subrecta n. sp. - MILLER & YOUNGQUIST, p. 513-514, pl. 75,

. w 11}
figs. 7-11 (fig. 8 = lectotype, designated by MULLER & MULLER 1957,

p. 1104).

+1967 Palmatolepis subrecta MILLER & YOUNGQUIST - ADRICHEM BOOGAERT, p. 183,

pl. 2, fig. 32.
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1969 Palmatolepis subrecta MILLER & YOUNGQUIST - POLSLER, p.417, pl.5, fig 8.

1971 Palmatolepis subrecta MILLER & YOUNGQUIST - SCHUMA”HER (b) pl.14, flgs.

1- 3. 6- 15
.1971 Palmatolepis subrecta MILLER & YOUNGQUIST - SZULCZEWSKI P 41, pl1. 10,

figs. 8, 9, pl 12, figs. 4-8 (see synonymy).

.1978 Palmatolepls subrecta MILLER & YOUNGQUIST - ORCHARD P. 936 pl.115,

flgs. 28-30, 34, 40.
‘ / fig. 8.

}1981 Palmatolepls subrecta MILLER & YOUNGQUIST - DUFFIELD & WARSHAUER, pl. 1

Diagnosis: See Glenister and Klapper 1966, p. 823.

S

Remarks and comparisons: Ziegler (1962a, 1962b) considered that Pa. subrecta

was related phylogeneticglly to severaiyother species of Palmatolepis, and
obsér;éd features transitional to the last in the wide range of morphological
variation exhibited By specimens referréd to the first'taxon. "Szulczewski
(1971, p.‘41) also noted much variation amongst his examples of Pa. Subrecta,
esfecially with regard to platform outline, to the direction of the outer
lobe, to the p&esence or absence of a secondary carina on the lobe, and 1o
the d%stribution of the nodose ornament on the oral surface of the platform. -
The specimens to hand have a variable morphology, but a secondary |
carina is never developed. The blade-carina is usually sigmoidal in form;
although in the example on Plate 17, figs.Ai-B it is somewhat straighter,
and suggests a.tendency to Pa., EEEEE' Héwever, neither in this individual,
n§r in the others assigned to Pa. subrecta, is the outer lobe located as far
anteriorward as in the last specieé; Further comparisons with Pa. EEEEE are
made thereunder.'
In contrast with Pa. subrecta, Pa. §i§i§ has a betfer differéntiated
outer lobe, and the denticles of the free blade are strongly variable in
In the former species, the blade denticulation is more uniforhly

size.

developed, a feature which Szulczewski (lgg. EEE‘) thought distinguished
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this form also from Pa. unicornis MILLER & YOUNGQUIST.

Range and occurrence: Ziegler (1971, chart 5; in Klappér and Ziegler 1979,

text-fig. 5) showed the main age range of Pa. subrecta to be from the base of

the Upper asymmetricus Zone to the top of the Uppermost gigas_Zone. He
indicated that the lower limit of this span may extend downwards into the

hlghest part of the Mlddle asymmetricus Zone, while the upper limit may

extend upwards through the Lower, and just into the Mlddle, Pa. trlangularls

Zones.

In Torquay, Pa. subrecta occurs at Petlt Tor Beach (samples PB-1, 2,

12) and Petlt Tor Quarry (sample PQ- h)
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: Form genus Polzgnathus HINDE

Type speciess Polygnathus dubius HINDE 1879

(subsequenf designation by Miller 1889, p.520, fide Ziegler 1973, p.333).
Remarks: Huddle (1970, p.1030-1033) presehted a comprehensive account of the !
genus, in which he discussed the problems surrounding the designation of the
type—spegies,vand proposed the lectotype of Po. foliatus (figured by Bryant
1921, pl. 10,'fig. 16) as the neotype of Po. QEPEEE' He also gave the synonymy
of Polygnathus (H?ddle 1968, p.37). The genus has a long age range, and occurs
-throughout the Devonian and in the Lower Carboniferous. @
Within the polygnathids, the following characters are used for j
specific differentiationt size and nature of the platform, often with special o
reference to anterior and posterior developments; on the oral surface of the
piatform,'the development or absence of adcarinal grooves and the form of the
ornament; on the aboral surface, the configuration and position of the basal i
cavity. The length of the free blade relative to total unit length is a further ;
diagnostic feature, but in the Torquay material this is often difficult to
assess, specimens frequently being recovered with the free blade either
partially broken or completely absent.
Possible evolutionary trends within the genus were indicated by f

Bultynck (1970, text-fig. 16) in the Belgian Couvinian, by Telford (1975, text-
fig. 4) in Emsian and early Couvinian faunas from Queensland, Australia, and by
Chatterton (1979, text-fig.?7) in late Emsian to low Givetian horizons in Canada. |
A MOre ex£ensive phylogeny in the Lower_and Middle Devonian was proposed by [t
Weddige'(19?7, text-fig.4). He based relationships between Eifelian forms on ;i
observations made on his own abundant German haterial, and incorporated also ;i
Tower Devonian evolutionary lineages put forward by Klapper and Johnson (1975),'

and Givetian trends suggested by Ziegler et al. (1976). Weddige envisaged that

the basic dehiscens stock gave rise to his serotinus, linguiformis,

robusticostatus, trigonicus and costatus branches around the Lower-Middle

Devonian boundary, and derived the majority of Middle Devonian forms which

were then known in terms of the last four lineages. .
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With‘reference fo the multielementai Pblxgﬁafhﬁe, Klapper and Philip .

(19?1, 1972) incorporated the genus in two of their Multielemental familiee,

' the Polygnathidae and the Cryptotaxidae; which were characterised by a Type 1
and Type 2 apparatus respectively. Two genera were distinguished within the
former family, Polxgnathﬁs and the Upper Devonian Mesotaxis. This was
essentially a separatlon of the slender polygnathlds from the more broad

’platformed Upper Devonian:&mms, and the two differed also in their 01, N and Al
’elements. The multielemental Mesotaxis apparatus was slightly amended by
‘Philip and Meanaid‘(1975) with respect to the non-platform components, but the
distinction remains vali&.‘ Klapper and Philip (1971;1972)kthought that the
muitielementalvPblxgnathus possessed fiye_ramiform elements, of which A2 was

either angulodontan or plectospathodontan, whereas Sparling (1981) believed

that both of the last formsvwere represented, making a total of six bar elements.
Iﬁ contrast, Ziegler (1972,p.93,95) suggested that both the narrow, conservative L
poiyénathids andvthe more advanced, broad platformed types may have occurred in
an apparatus devold of ramiform elements. He proposed this because he observed

a constant deficiency of the last in faunas of Middle and, especially, early

Upper Devonilan age.

The Polygnathus asymmetricus Group

Reﬁresentatives of this group characteristically possess a broad
~and elongeted platform, which is oval to subquadrate in outline. The oral
surface iehcovered by numerous small nodes, and the free blade is short.
Aborally, a variably developed basal cavity 1s located in the anterior half, or
at mid-length, of the platform, and the keel 1s sharp throughout.

Bischoff and Ziegler (1957) recognised two subspecies of Po. dubia
HINDE, then calledefg. d. dubia and Po. 4. asymmetrica. However, dissatisfactionti
surrounded the designation of Po. dubia (see Huddle 1970). Ziegler et al, i
(1964) regarded the lectotype as an "indeterminate fragment" and cons1dered Po.l

dubia as a nomen dubium,and Po. asymmetrica was thus the first available name

for Bischoff and Ziegler's concept of Po. dubia.
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The subspe01es were origlnally differentlated from each other on
platform outline (see Bischoff and Ziegler 195,, P. 85 891 original diagnoses

of Po. a. ovalis and Po. a. asymmetricus respectively), but as Orchard (1975a,

. D. 109) observed there is considerable ‘gradation between the two. He thought
that the form of the basal cavity prOvided a useful additional ‘criterion for

distinction. As thus envisaged by Orchard (1975, p. 109-112; 1978, p. 938),

the platform of Po. a. asymmetricus is tybically subquadrate in outline and
bears a minute, rit-like basal cavity aborally. Po. a. ovalis has an oval
platform and a symmetrical, tear-drop shaped basal cavity, which is both

relatively larger than that of Po. a. asymmetricus and is often located a little

further posteriorward, but still in the anterior half of the platform.

Frequently the overall appearance of Po. a. asymmetricus is more robust, and

the ornament coarser, in comparison with Po. a. ézglis.

The nature of the aboial surface seems to provide a fairl& reliable
means of differentiation between the two subspecies, although there still tends
to be some'degree of gradation between the tﬁo and, as Qrchard (1975a, p. 109-

110) indicated, broblems arise when a specimen in the literature is not shown

in lower view. For example, the holotype of Po. a. asymmetricus is illustrated

only in oral aspect (Bischoff and Ziegler 1957, pl. 16, fig. 20).

A third subspecies is now known, Po. a. subsp. A sensu ORCHARD 1978,

in whichbthevbasal cavity is larger than in either Po. a. asymmetricus or Po. a.
ovalis, shoﬁs strong asymmetry and is located at platform mid-length. The é
other two subspecies may exhibit transition toward this form. The holétype |
of Po. a. ovalis (Ziegler 1958, pl. 1, figs. 1, 2a, 2b, by subsequent

designation of Ziegler Ei.él' 1964, p. 423) has a rather large and'pdsteriorly
displaced basal cavity, which is slightly asymmetrical and is directly related

to platform outline, and thus approaches Po. a. subsp. A sensu ORCHARD.

Po. dengleri may show'gradafion towards Po. asymmetricus subspp.

-and is included in this group.
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Polygnathus asymmetricus asymmetricus BISCHOFF & ZIEGLER

Plate 14, flgs. 1, 25 3(cf.).

v¥1957 Polygnathus dubia asymmetrica n. subsp. - BISCHOFF & ZIEGLER, p. 88-89,

pl. 16, figs, 18, 20-22, pl. 21, fig. 3 (pl. 16, fig. 20 = holotype).

v1957 Polygnathus dubia dubia HINDE - BISCHOFF & ZIEGLER, p. 88, pl. 21,

figo 2 (Only).

'v1958 Polygnathus dubia asymmetrica BISCHOFF & ZIEGLER - ZIEGLER, pl. 1,

figSI 4-6' 8, 10.

v1958 Polygnathus dubia dubia HINDE - ZIEGLER, pl. 1, fig. 3 (only).

?1966 Polygnathus asymme#riéa asymmetrica BISCHOFF & ZIEGLER - FLAJS, p. 230-

232, pl. 26, figs. 1-3, 8, 9 (non figs. 4-6 = Po. a. subsp. A sensu

ORCHARD 1978).
1967_Polxgnathus dubia dubia HINDE - CLARK & ETHINGION, p. 60-61, pl. 7,

fig. 14 (onm1y).
nonl970 Polygnathus asymmetrica asymmetrica BISCHOFF & ZIEGLER - SEDDON (b),

pl. 10, figs. 2a, 2b (= Po. a. subsp. A sensu ORCHARD 1978).
1970 Polygnathus asymmetricus asymmetricus BISCHOFF & ZIEGLER - KIRCHGASSER,

P. 345-346, pl. 63, fig. 9.
1971 Polygnathus aéymmetrigus asymmetricus BISCHOFF & ZIEGLER -

'SZULCZEWSKI, p. 45, pl. 16, figs. 3, 5 (non fig. 4 = Po. a.ovalis)

(see synonymy).
1971 Polygnathus asymmetricus BISCHOFF & ZIEGLER - KLAPPER & PHILIP, p. 434,

449, fig. 3P (only).
1972 Mesotaxis asymmetrica asymmetrica (BISCHOFF & ZIEGLER) - KLAPPER &

PHILIP p. 100, pl. 1, fig. 20 (only).
1974 Polygnathus asymmetricus asymmetricus BISCHOFF & ZIEGLER - UYENO, p. 37,

pl. 3, figs. 1, 3 (?), &4, 6.
-*1975 Mesotaxis asymmetrica asymmetrica (BISCHOFF & ZIEGLER) - PHILIP &

MCDONALD, p. 100, fig. 3P (only),
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*1978 Polygnathus asymmetricus cf. asymmetricus BISCHOFF & ZIEGLER.- ORCHARD,

p. 938, pl. 109, fig. 35.
*1979 Polygnathus asymmetricus asymmetricus BISCHOFF & ZIEGLER - LANE, MULLER

& ZIEGLER, p. 218, pl. 2, fig. 15.

Diaggoéisx A subspecles of Po. asymmetricus in which the platform is broad,

asymmetrical andvusualiy subquadrate in outline. The oral surface bears many
moderately coarse or, sometimes, finer nodes. Aborally, a minute basal cavity

is located in the anterior half of the platform.

Remarks and comparisons: The specimen to hand illustrated on Plate 14, figs.

1, 2 conforms to’the‘éubspecies in‘platform outline and in the minute basal
cavify.‘ The broken platform shown on Plate 14, fig. 3 has an upturned margin,
‘ﬁarticularly in the anterior part of the platform, and the carina dées not
reach the'posterior'tip. In oraliaspect the individual resembles Klagpeiina
disparilis, but_tﬁe slightly larger-centra} node seen in this specles 1s not
Ievident and, altﬁough the preservationiof the lower surface is poor and is

not illusfrated, there 1s no indication of any aboral development other than

the very small basal cayity of Po. a. asymmetricus.

Range and occurrences ZPo. a. asymmetricus ranges from the base of the

Lowermost asymmetricus Zone to the top of the Upper asymmetricus Zone (Ziegler

1971, chart 5; in Klapper and Ziegler 1979, text-fig. 5).

In Torquay, Po. a. asymmetricus and Po. cf. a. asymmetricus occur at

Babbacombe Cliff (sample BC-32). Po. asymmetricus subsp. indet. is found both

in this sample and at Barton Quarry (sample BQ-26).
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Polygnathus asymmetricus ovalls ZIEGLER & KLAPPER

. Plate 14, figs. 6, 7, 10.

v1957 Polygnathus dubia dubia HINDE - BISCHOFF & ZIEGLER, p. 88, pl. 16,

fig. 19, pi. 21, fig. 1 (non fig. 2 = Po. a. asymmetricqs).

v*1958_Polygnathus dubia dubia HINDE - ZIEGLER, pl. i,.figs. 1, 2, 7 (figs.

1, 2 = holotype; non fig. 3 = Po. a. asymmetricus).

v1965 Polygnathus asymmetrica ovalis ZIEGLER & KLAPPER - ZIEGLER (a), pl. 1,

figs. 3, 4.

1966 Polygnathus asymmetrica ovalis ZIEGLER & KLAPPER - FLAJS, pl. 25,
figs. 1-3.
1967 Polygnathus dubla dubla HINDE - CLARK & ETHINGION, P. 60- 61, L. 7,

fig. 15, pl. 8, fig. 9 (non pl. 7, fig. 14 = Po. a. asymmetricus; non

pl. 8, fig. 8 Po. dengleri)
1969 'Polygna'bhus asymmetrica ovalis ZIEAER & KLAPPER POLSLER, o 420

pl. 4, figs. 17, 18.

1970 Polygnathus asymmetricus ovalis ZIEGLER & KLAPPER - SEDDON (a), p1. 13,

figs. 16, 17 (only). _
1970 Polygnathus asymmetrica ovalis ZIEGLER & KLAPTER - SEDDON (b) pl. 10,

fig. 1.
1971 Polygnathus asymmetricus ovalis 7IEGLER & KLAPPER - SZULCZEWSKI, p. 45-k6,

pl. 17, figs. 1, 2 (see synonymy)-
1971 Polygnathus asymetricus ssymmetricus BISCHOFF & ZIEGLER - SZULCZEWSKI,

p. 45, pl. 16, fig. & (only).
1974 Polygnathus asymmetricus ovalis ZIEGLER & KIAPPER - UYENO, p. 37, pl. 3,

figSo 2, 5, ?, Plo Ll' figs- 1 3
*1975 Mesotaxis asymmetrica ovallis (BISCHOFF & ZIEGLER) [51c] PHILIP &

MCDONALD, p. 100, fig. 4P (only).
+1976 Polygnathus asymmetricﬁs BISCHOFF & ZIEGLER - GARCIA - LOPEZ, p. 176,

pl. 1, figs. 4A, 4B.
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1978 Polygnathus asymmetricus ovalis ZIEGLER & KLAPPER - ORCHARD, p. 938,

Plo 115, figs. 15' 22’ Ll'l"l',’l'l'u

+1980 Polygnathus asymmetricus ovalis ZIEGLER & KLAPPER - KLAPPER in JOHNSON,

KLAPPER & TROJAN, pl. 4, fig. 29.

Diagnosis: A subspecles of Fo. asymmetricus in which the platform is a

symmetrical oval in outline, and bears on the oral surface an ornament of
numerous fine nodes. Aborally, a falrly small and symmetrical, tear-drop

shaped basal cavity is 1dcated in the anterior half of the platform.

- Description (Torquay material)s In outline the platform is a symmetrical
oval, which is widest at mid-length and tapérs evenly and smoothly anteriorward
to the free blade and posteriorward to the tip. The oral surface ornament is
of numerous small, discrete nodes and‘grahules. In lateral view the platform—
is gently arched, ahd'in plan view the entire unit is weakly incurved. . The
free blade is low in profile and is short, comprising about one-fifth of

total unit léngth. The cariné consists of about seven quite large nodes,
which are pointed in lateral view and rounded but slightly elongated in oral
viéw.';The carinal nodes are fused anteriorly but become increasingly more
separated posteriorly, ﬁhere the carina extends a little beyond the posterior
limit of the platform, Abofally, a small, symmetrical basal cavity is located
in the anterior half of the platform, slightly before platform mid-length. A

sharp keel reaches the posterio; tip and eXtends anteriorly under the free blade.

Remarks and comparisonss A single, well preserved specimen from Torguay,

shown on Plate 14, figs. 6, 7, 10, is referred to this subspecies. The
projection of the carina beyond the posterior limit of the platform is
exhibited, but is rather more prohouncéd, in an individual figured by Uyeno

(1974, pl. 4, figs. 3a, 3b) from the Moberly Member of the Waterways Formation.

" This feature is sometimes apparent in other polygnathids such as Po. dengleri,
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| and a strong development of it characterised Po. n. sPp. D as descrlbed by
Pollock (1968). 1In aboral view, Uyeno s specimen shows a relative posteriorward
displacement df the basal cavity compared both with his other 11lustrated
examples of Po. a. ggg;ig (Uyeno 1974, pl. 3, figs. 2, 5, 7, pl. 4, fig. 1) and

with the form to hand.

Range and\occurreneeg The subspecies ranges from the base of the Lowermost

asymmetricus Zone into the higher part, but not to the top of, the Upper

asymmetricus Zone (Ziegler 1971, chart 5; in Klapper and Ziegler 1979, text-

fig. 5).

In Torquay, gg.ﬂg. ovalls occurs at Barton Quarry (sample BQ-18).

Polygnathus asymmetricus subsp. A sensu CRCHARD 1978

Plate 13, figs. 23, 24, 28, 29.

1978 Polygnathus asymmetricus subsp. A nov. - ORCHARD, p. 940, 942, pl. 115,

figs. 18, 19 (see synonymy).
DiagnOSis: A subspecles of Po. asymmetricus in which the platform is elongated
and mofe or less oval in outline. The oral surface ornament is of fine
granules which may become fused into short’marginal ridges. Aborally, a large,

asymmetrical and triangular-shaped basal cavity is situated at platform mid-

length.

Remarks and comparisonss Po. a. subsp. A is distinguished from other broad

platformed polygnathids by its large and clearly asymmetrical basal cavity, in

which it resembles Schmidtognathus hermanni (compared thereunder) and

representatives of the genus Klapperina. The form may be distinguished from
. the lattei by its finer ornament, better development of the carina posteriorly

and the absence of a lobe-like projection of the outer platform, seen in some
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of the palmatglepidulike klapperinids.‘ The basal cavity of Xlapperina spp. has
a wider lateral development than that of Po. a. subsp. A and may be
conspicﬁously,Lmshaped, parﬁicularly in X. disgaralveg, in which the cavity may
also be displaced relativgly posteriorward. The overall morphology of Po. a.
subsp. A,‘especially with regard to the aboral surface,appears.to be
intermediate betw;en that of the broad pol&gnathids and Klapperina épp.

_ The Torquay specimens are preserfed only as incomplete platforms but
‘their outline, at least in;the middle and posterior part of the platfomrm, is
fypical of the subspecies as is their ornament, which is of granules and fine
ridges. The posterior part of fhe carina Seems to be rather better developed‘
than is usual. In the ofiginal description, Orﬁhard (1978, p. 940) observed
.that thé carina becamé gradually lower posteriorward from the fixed blade,
and that the cérinal nodes‘were best developed a little posterior of platform
mid-length., To the posterigr, two or three small, discrete and incréasingly
more separated nodes represented the carina. The nodes of the carina of the
examples to hand are slightly elongated, high and fused at a point
corresponding to‘the position of the basal cavity. They become only a little
separated postériorly and remain high; resenbling the posterior carina of the
spécimen of Po. a. ovalis illustrated by Lane et al. (1979, »l. 2, fig. 19).

The juvenile individual on Plate 13, figs. 28; 2 has a relatively
larger basal cavity which occuples much of the aboral surface of the platform.
The platform itself is quite strongly laterally expanded, especially in the
outer half which is wider than the imner, and directly reflects the shape of the

basal cavity. As Orchard (1978, p. 940) noted, such features are particularly

distinet in Juvenlle growth stages.

Range and occurrences In Plymouth, Orchard (1978, p. 917, text-fig. 2, table

2) recorded Po. a. subsp. A from Durnford Street, sample DSL: Fauna 12,

considered by him to be of Middle'giymmet;icus Zone age. As Orchard reported,

the form occurs in faunas of a similar age in Austria (Flajs 1966), in America
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~ (Pollock 1968) and in Belgium. In the Llano reglon of Texas, Seddon (1970b,

P. 36, 100) recorded the form (as Po. a. asymmetricus) from the Houy Formation

(Zone 1, locality TF-294) ffom crack infillings in the Pillar Bluff area. He

considered the specimené to indicate an (undifferentiated) asymmetricus Zone
age.

~ In Torquay, Po. gQ subsp. A was found at Petit Tor Beach (sample

Polyenathus dengleri BISCHOFF & ZIEGLER

Plate 14, figs.k4, 5, 8, 11, 13, 17.

v*1957 Polygnathus dengleri n.sp. - BISCHOFF & ZIEGLER, p. 87-88, pl. 15,
figs. 14, 15, 17-24, pl.16, figs. 1-4 (pl. 15, fig. 18 = holotype).

1959 Polygnathus dengleri BISCHOFF & ZIEGLER - KREBS, pl. 1; figs. 1, 4, 5, 9.

V1965 Polygnathus dengleri BISCHOFF & ZIEGLER - ZIEGLER (v), p. 671, 673,
pl. 6, figs. 1-6. -
' 1967 Polygnathus dengleri BISCHOFF & ZIEGLER - CLARK & ETHINGTON, p. 60,

pl. 7, figs. 3, 8.

-196? Polygnathus dubia dubla HINDE - CLARK & ETHINGTON, p. 60-61, pl. 8,

‘fig, 8 (only). |
1967 Polygnathus denglerl BISCHOFF & ZIEGLER - MULLER & CLARK, p. 916, pl.

115, figs. 3, 7. |
1968 Polygnathus dengleri BISCHOFF & ZIEGLER - ORR & KLAPPER, pl. 139,

figs. 5-7. .
1969 Polygnathus dengleri BISCHOFF & ZIEGLER - POLSLER, p. 421, pl. &,

figs. 13, 14, o
1970 Polygnathus denglerl BISCHOFF & ZIEGLER - SEDDON (a), ». 739, Pl. 13,

~ figs. 20-23. | |
1970 Polygnathus dengleri BISCHOFF & ZIEGLER - KIRCHGASSER, p. 348-349,

pl. 63, fig. 2, pl. 65, fig. &, pl. 66, fig. 2.
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» nonl 971 Polygnathus dengleri BISCHOFF & Z;EGLER - SZULCZEWSKI, p. 48, pl. 16,
figs. 1, 2, 6, 7.
1978 Polygnathus dengleri BISCHOFF & ZIEGLER - ORCHARD, p. 942, pl. 115,

figs. 20, 21, 24. |
1979 Mesotaxis cf. Mesotaxis dengleri (BISCHOFF & ZIEGLER) - UYENO, p. 247,

pl. 2, fig. 22.

+1980 Polygnathus dengleri BISCHOFF & ZIEGLER - KLAPPER in JOHNSON, KLAPPER

& TROJAN, p. 102, pl. 4, figs. 24-28, 30(2).

Diagnosis: A speéies of Polygnathus in which the plétform is an elongated,
narrow and symmefrical oval and has upturned rims. The free blade is fairly
short and high. -The ornament méy be strong and consists of transverse and
sometimes nodose fidgés, which are separated from the carina by smooth,
shallow adcarinal grooves. The carina is high and may extend a little beyond
the posterior limit of the platform. Aborally, a small oval basal cavity is

locqted in the anterior half of the platform.

Remarks and comparisonss The specimens from Torquay illustrated on Plate 14,

figs. 11, 13, 17 compare closely with an individual from Plymouth shown by
Orchard (1978, pl. 115; figs. 20, 21, 24). In all these forms the ornament is
of distinct but rather fine ridges, similar to that of the early growth stages
figuredkby kirchgasser (1970, p1. 63, fig. 2, pl. 65, fig. 4, pl. 66, fig. 2)
from North Cornwall. The rather coarse and sometimes nodose ridges.of some
examples of Po. denglerl, such as those illustrafed by Bischoff and Ziegler
(1957, pl. 15, figs. 14, 15, 17, 18, 20-24, pl. 16, figs. 1-4) from Germany,
dolnot appear to be developed in the South-west England speciméns. The last
aﬁpear to correspond to stratigraphically late forms of Po. dengleri which
Klapper (in Johnson et al. 1980, p. 102) described from Upper dengleri Subzone

and Lower asymmetricus Zone faunas from the Antelope Range of central Nevada,
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A. Klapper's speéimens bear an ornament of finer nodes and fewer, weaker transverse
ridges compared to his stiatigraphically earlier foms in the'Lower dengleri
Subzone, in whiéh the ornameht is of rather coarse and irregular nodes and
fransverse ridges. He noted that both types lay within the range of
intraspecific variation originaliy described by Bischoff and Ziegler within
Po. dengleri, ana he observed gradation between the two morphologies in the
stratigraphically higher levels. | |

In the smallest exa.mplé to hand, shown on Plate 1%, figs.4,5,8, the

‘greatesf plétfbrm.#idfh 15 located closer to the anterior end of the platfomm
than is usual. One specimen:ﬂlustr?ted by4Kirchgasser (1970, pl. 65, fig. &)
1s sinilar. Aborally, both exhibit a’relatively large basal cavify which,
in the Torquay indivi&ual, is both displaced and elongated further
posteriorward. |

N Compared to Po. asymmetricus subspp., Po. denglerl has a narrower,

trough-shaped platform, adcariﬁal_grooVes which extend the length of the

platform, and a higher carina and blade. The strong transverse ridges of

some forms of 29; dengleri are not developed in Po. asymmetricus subspp.

| Specimens illustrated by Szulczewski (1971, pl. 16, figs. 1, 2, 6,
7) are, as hé observed, broader than is typical of Po. dengleri. At least
sbme.of Smilezewski's examples exhibit an asymmetrical basal cavity ﬁhiéh is -

located at plafférm mid=length, and in these respects approach Po. a. subsp. A.

Range and occurrencéi Po. dengleri ranges from within the Lowermost

asyﬁmetricus Zone into the Lower asymmetricus Zone (Ziegler 1971, chart 5; in

Klapper and Ziegler 1979; text-fig. 5). Only in the first reference is the

species shown attaining the top of the Lower asymmetricus Zone.

In Torquay, Po. denglerl occurs at Babbacombe Cliff (samples

BC"‘Z' 51 9t 11)'
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The Polygnathus costatus Group.

This group was established by Klapper (1971, p. 62-64) and then
embraced the followings | |
Polygnathus costatus costatus KLAPPER

Polygnathus costatus patulus KLAPPER

Polygnathus pseudofoliatus WITTEKINDT

Polygnathus eiflius BISCHOFF & ZiEGLER
To these can now be addeds | |
Polygnathus costatus‘obldngus WEDDIGE
Polygnathus costatus partitus KLAPPER, ZIEGLER & MASHKOVA

The represeptatives‘df the group are characterised by the outline
of the outer platfo:m which foms a regular curve, the radius of which is
greater than the platform width. The oral surface of the posterior Platform
is ornamented by nodes,.sometimes transversely aligned and ?ccasionally
partially fuéed, or by transyerse ridges. Adcérinal grooves separate the
ornament from the carina;lthe last attains at least the posterior third of
“the platform. Aborally, a small basal cavity 1s located aﬁout halfway between
the anterior end and mid-lenéth of the platform.

There is gradation between the various subspecies of Po. costatus

and between these forms and Po. pseudofoliatus, both in terms of

stratigraphical and morphological expression, which suggests a phylogenetic

seriés connecting them. Po. pseudofoliatus most closely resembles Po. c.

costatus, ﬁhich it succeeds stratigraphically in New York, Nevada, Belglum and

Gemmany. Weddige (1977, text-fig. 4) derived Po. pseudofoliatus from Po. c.

costatus, and he derived also Po. eiflius from the costatus lineage, by way

of his Po. benderi.
Both Po. pseudofoliatus and Po. eiflius can be distinguished from

other members of the Po. costatus group by their relatively longer free blade

(one-third to one-half of total unit length, compared to one-third or less
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in the rest of the Po. costatus group) and by the greater constriction of the

anterior platform. Po. eiflius and Po. pseudofolistus show gradation towards
each other. Klapper (1971, p. 63) described an intermediate form from the
lower part of the Middie Devonian of New York, which he designated Po. aff.
Po. eiflius,’

| Repiesentatives Qf the Po. costatus group differ from tﬁose of the

Po. linguiformis group by a combination of all or some of the following

featuresx the smooth curvature of the outer platform; the less pronounced
inward inflexion of the posterior platform- the absence of transverse ridges
on the posterior platform. In its similar platfom outline, Po. 1. cooperi
KLAPFER resembles members of the Po. costatus group, but is,distinguished by
the presence of transverseriéges on the posterior platform, although these
are not always completely developed. Xlapper (1971, p. 65) recognised
specimens transitional from Po. c¢. patulus to Po. 1. cooperi in‘which the

transverse ridges were fewer and weaker than in the latter subspecies.

Polygnathus costatus costatus KLAFPPER

Plate 4, figs. 10-12, 15-17 (cf.).

#1971 Polygnathus costatus costatus subsp. nov. - KLAPPER, p. 63, pl. 1,

figs. 30-36, pl. 2, figs. 1-7 (figs. 5-7 = holotype) (see synonymy).

1972 Polygnathus costatus costatus KLAPPER - BOOGAARD, p. 6, pl. 1,.figs. e-h.

. 1977 Polyemathus costatus costatus KLAFFER - WEDDIGE, p. 309,'p1. L

figs. 75, 76 (see Synonymy ).
+1977 Polygnathus costatus costatus KLAPPER - SAVAGE. p. 1350, 1352, pl. 3,

fi‘gsv- 13"160
+1978 Polygnathus eostatus costatus KLAFPPER - KLAPPER, ZIEGLER & MASHKOVA,

pl. 2, figs: 10-12.
+ 1979 Polygnathus costatus costatus KLAPPER - LANE, MULLER & ZIEGLER, p. 218,

Pl. 1, fig. 12.
*1979 Polygnathﬁs costatus costatus KIAPPER - CHATTERTON, P.192,pl.8, figs.2-4.
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.1980 Polygnathus costatus costatus KLAPPER KIAPPER in JOHNSON, KLAPPER

& TROJAN, pl. 4, figs. 1k, 15, 17.

.1981 Polygnathus costatus costatus KLAPPER - SPARLING, p. 312-313, pl. 1,

figs. 25-27”(on1y).

.1981 Polygnathus costatus costatus KIAPPER - WANG & ZIEGLER, pl. 1,efigs. 2,3.

‘Diagnosis (after Klapper 1971): A subspecies of Po. costatus in which the
platform is widest in the posterior third and is rather constricted near the

anterior end. The carina attains the posterior tip.

Remarks and comparisons: A few tectonlcally flattened and probably derived

specimens from Long‘Quarry>Point are assigned to the Po. costatus group, and
appeer to 1lie closest to Po. é. costatus. In this form the anterior platform
is rather more constricted than in the other subspeclies, but not as strongly

so as in elther Po. pseudofoliatus or 29. eiflius. 29. c. patulus has wider

adcarinal grooves and a narrower platform, in.which the greatest width is
developed further anteriorly than invthe nominate subspecles. The carina of
the former may be less well developed than in the latter, but this is
variable, as Klapper, Ziegler and Mashkova (1978, p. 109) discussed. Po. c.
oblonéus has a narrower, moie symmetrical and more inwardly bowed'platform
compared to Po. c. costatus and. in contrast with the same, Po. c. partitus
has less curved outer and inner posterior platform margins, whlch converge

posterlorly to produce a saglttate platform outline.

Range and occurrence: In the E&felian Hills of Germany, Po. c. costatus

ranges from the base of the c. costatus Zone into the lower part of the

australis Zone (Weddige 19?7. tables 2, 5; Klapper 1977, p. 45), and has a
similar but interrupted range in New York (Klapper in Klapper and Ziegler 1979,
text-fig. 4). In the Barrandiah area of Czechoslovakia, and in Nevada and

Canada, Po. c. costatus is confined to within the c. costatus Zone (Klapper
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| op. cit., text-figs. 3, &), and occuples,a similar interval, Co2b, in
Belgium (in Bouckaert and Streel 1974).

Po. cf. c. costatus occurs in Torquay at Iong Quarry Point

(samples LG-%, 7).

Polygnathus pseudofoliatus WITTEKINDT

Plate 4, figs. 9, 13, 14, 2(5-2’4-{1-8 (aff.); Plate 5,figs.13,14,18,23.

- v1957 Polyghathus folia:l;_a. BRYANT -~ BISCHOFF & ZIEGLER,_ p. 90, pl. &4, figs. 1-4,

1965 Polygnathus n.sp, - BULTYNCK, p. B70, pl. 1, figs. 6a, 6b.

*1965 P§lygnathus Dseudofoliata n. sp. - WIITEKINDI‘, p. 637-638, pl. 2,
figs. 20-23 (onlys fig. 20 = holotype).

1966 Polygnathus sp. nov. B - PHILIP, p. 158-159, Bl. 2, figs. 4-9.

1970 Polygnathus xyla STAUFFER - BULTYNCK, p. 131, pl. 15, fig. 5 (only).

1971 Polygnathus Pseudofoliatus WITTEKINIT - ORR, p. 52-53, pl. L, figs.

*1975 Polygnathus psgudofoliatus WITTEKINDT - BULTYNCK, p. 23, pl. 5, fig. &.

1976 Polygnathus pseudofoliatus WITTE!I(IND'P - ZIEGLER & KLAPPER in ZIEGLER,

KLAPPER & JOHNSON, pl. 3, figs. 2, 3, 12, 13,
+1977 Polygnathus pseudofoliatus WITTEKINDT - WEDDIGE, p. 317-318, pl. L,

figs, 68-70 (see synonymy).
+1978 Polymat_hlis Dseudofoliatus WITTEKINDT ~ ORCHARD, p. 949, pl. 108, figs.

1 ' 3"5: 74 8.
1979 Polygnathus pseudofoliatus WITTEKINDT

UYENO, P. 245, Plo 1, figs-

26"‘28.

»1979 Polygnathus pseudo_foliatus WITTEKINDT - CHATTERTON, p. 199, pl. 3,

figs. 1-10, 15-18.
1979 Polygnathus xylus? STAUFFER - CHATTERTON, p. 199-200, pl. 3, figs. 19-22.

non1979 Polygnathus pseudofoliatus WITTEKINDT - LANE & ORMISTON, pl. 9, fig. 9
(= Po. benderi?)

/
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-Diaggosi $ A‘species of Polygnathus in which ihe anterior platform-is
constricted to produce a distinet rostrum, behind which the platforn is
moderately broéd and the outer half slightly wider than the inner. The oral
surface ornament is either of nodes which may sometimes be transveréely aligned,
or of transverse tgvoblique ridges. = Adcarinal grooves seﬁarate.the ornament

from the carina. The free blade comprises one-third to one-half of total unit

length.

Remarks and comparisons: A rostrum similar to that of Po. pseudofoliatus is

developed in the younger (Upper Devonian) 29. dubius. The latter species may
be distinguished from the former by its narrower, longer platform and

relatively shorter free blade.

Comparisons between Po. pseudofoliatus and Po. costatus subspp.

are made in the introduction to the group. Po. pseudofoliatus most closely

resembles Po. éiflius, and the validity of maintaining the two as separate
species has been doubted. As concelived by Bischoff and Ziegler'(1957, p. 89-
90), Po. eiflius was characterised by the development of diagonal rostral
ridges on the anterior platform, and by an oral surface ornament of dense,

fine nodes. This species was differentiated fiom Po. pseudofoliatus by, in the

latter, the‘narrower platform and lack of rostral ridges. Bultynck (1970,

p. 124) first observed the discrepancy between this definition and that given
by Wittekindt (1965, p. 633), who preferred to distinguish the two species

on platform outline alone and disregarded the presence or absence of rostral

ridges. As Klapper (1971, p. 63) noted, there is considerable gradation in

platform outline between Po. eiflius and Po. pseudofoliatus and, if the
development of rostral ridges were to be lgnored, these two would probably
fall into synonymy. In fact; Telford (1975, p. 50-51) considered that,
because forms with distinct rostial ridées were rare and were compietely

absent from both his Australian Broken River Embayment collections and Klapper's



- 189 -

large North American faunas, Po. elflius.was perhaps better placed in

synonymy with Po. pseudofoliatus.

" The Torquay naterial does not help to clarify the position of Po.

eiflius. Specimens assigned to Po. pseudofoliatus show considerable

morphological variation and include individuals, designated Po. aff.

pseudofdliatus, which have some of the features of Po. eiflius and are described

~below. None éxhibits the development of rostral ridges but, on the other

hand, the material is not abundant. It should be noted that some forms, for

example'gg. 1. linguiformis epsilqn'morphotype, embrace late growth stages both
with and without rostral ridges, and this character may prove to be an
unsuitable criterion for specific differéntiatién..

In the exambles to hand, the outer half of the platform is always
at least a 1little wider than the inner, but the early growth stage
11lustrated on Plate 4, figs. 9, 13, 14 has a rather parallel sided platfomm,
vas'have smalllforms'figured by Ziegler and Klapper (in Ziegler et al. 1976,
pl;.3, fig. 12, 13) and Orchard (1978, pl. 108, figs. 5; 8). 1In this respecf
these,specimené ;esemble Po. xylus and are compared thereunder. During

ontogeny the platform of Po. pseudofoliatus becomes relatively broader behind

the rostrum. At the rostrum the mérgins are upturned aqd the adcarinal grooves
deepest,but the latter featﬁreé are always shallower posteriorward, which is
apparent even in small growth stages.v The carina may or may not reach the
posterior tip, e&en 1n specimens of a similar size, as compérison of the
examples shown on Plate Ly, figs., 20-24 illustrates.‘ The ornament is of

fairly fine nodes in all the Torquay specimens. These are sometimes
transversely to obliquely aligned or elongatéd to produce nodose ridges, but
these are ne#eﬁ pronounced (e.g. P1.5, figs. 13, 14). The individual on Plate
4, figs. 20-23 shows a tendency toward Po. x. ensensis. particularly toward
one example of the latter figured by ﬁeddige (1977, pl. &4, fig. 65), because

the nodes at the anterior end of the platform of the former specimen are

?
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* obliquely.enléfged and the margin$ appear slightly serrated. In frofilé, the
‘spec%men showﬁuoﬁ Plate 5;4figs.v18, 23 also resembles gg; X. ensensis because
the posterior platform is strongly arched. .However, this feature is thought
to have been tectoniéaily inducéd, the free biade having been also affected
and arched upwards. In abofal view‘the basal cavities of all the individuals _'
to hand are displaced a little anteriorward in comparison with the definition
of the Po. costatus group given by Klapper (1971, p. 62).

| Several specimens from long Quarry fbint (PL. 4, figs. 1-8) have a
thick platform, which has a somewhat stnxger'degreg of anterior cdnstriction

than is considered to be typical of Po. pseudofoliatus, especlally on the

inner side, and the rostrﬁm 1s rather short. Also, the extent of lateral
expansion of the platform behind the rostrum seens to be greater than 1s
usﬁal.‘”This is parficularly evident in the example on Plate 4, figs. 1-3 in
which the inner‘blatform attains more or less the same width as the outer,
and the specimen haé a rather squat appearance overall. Weddige (1977, pl. 4,
figs. 66, 67) illusfrated individuals with a thick platform of similar
outliﬁe which he~designated.gg. eiflius, because they bore the rostral ridges
‘and dense, finely nodose ornament ofiihis species. The Long Quarry Point |
specimens lack rbstral ridges'and soiare referred, albelt tentatively, to |

Po. pseudofoliatus. The ornament is of fine nodes, as in Po. eiflius, although

these may become transversely aligned or elongated to produce weak nodose

ridges (compare Pl. 4, fig. 4 with fig. i)f
Broad platformed individuals with a rather dense, fine Po. eiflius-

type of ornament have been assigned to Po. pseudofoliatus by Chatterton (1979).
Chatterton (1979, pl.3, £ig.8) most closely resembles the specimens avallable,
although the constriction of the anterior platform in this particular example

is not as strongly developed as in the Torquay forms, particularly with regard

to the inner platform.
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Range and occurrence: In the Barrandian area of Czechoslovakia, Po.

pseudofoliatus ranges from the base of the australis Zone into the kockelianus

Zone, in Nevada:frémﬁthe base ofAthe australis Zone to the top of the Lower- |
varcus Subzone, and in the Eifelian Hills of Germany from near the base of

thg kockelianus Zone aga.in‘ to the_ top of the Lower varcus Subz;me, but in
New York the species is restricted to the kockelianus Zone (Klapper 1977,
text-fig. 6; Klapper and Ziegler 1979, text-figs. 3-5). In Belgium, the fomm
extends from. Co2c (lower part or base of the australis Zone: see Weddige
1977, table 4), sporadically into the varcus Zone (in Bouckaert and Streel
1974). ” |

’In Torquay, 29. pseudofoliatus occurs at long Qqarry Point

(samples 1G-4, 5, 8), New Quarry (sample MQ-5), Parkfield Road.(samples

PF-5, 9), Redgate Beach (samples RB-2, 3, 4, 5, 11, 13) and Waldon Hill

(sample WH;l). Po. aff. pseudofoliatus occurs at Iong Quarry Point (samples

LG"'B! 5) .
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. Polygnathus cristatus HINDE
Plate 13, figs. 17-22, 25-27.

*1879 Polygnathus cristatus n. sp. - HINDE, p. 366, pl. 17, fig. 11

* (=lectotype, designated bty ZIEGLER 1965b, p. 670).

1933 Polygnathus cristata HINDE - BRANSON & MEHL(a),p.147,pl.11,fig.10.

19% Polygnathus ectypa n. sp. - HUDDLE, p. 103, pl. 8, fig. 38.

194? Polygnathus retrorsa n. sp. - YOUNGQUIST & PETERSON, p. 251, pl. 38,

fig. 11.

v1957 Polygnathus cristata HINDE - BISCHOFF & ZIEGLER, p. 86-87, pl. 15, figs.
1-13, 16, pl. 17, flgs. 12, 13. o

1959 Polygnathus cristata HINDE - KREBS, pl. 1, fig. 16.

196& Polyggathus cristata HINDE - ORR. P. 13 14, pl. 3, figs. 4-8, 10, text-

| fig. u.m
vi965 Polygnathus cristata HINDE - ZIBGLER (b). p. 670-671, pl. 4, figs. 17-23,

pl 5, figs. 1, 2, 5 (only)
1967 Polyggathus cristata HINDE - CLARK & ETHINGTON, p. 59 -60, pl 7, figs. 16,

17.
1966 Polygnathus cristata HINDE - FLAJS, pl. 23, fig. 8, pl. 25, fig. 4.

1967 Polygnathus cristata HINDE - ADRICHEM BOOGAERT, p. 184, pl. 2, fig. M41.

1968 Polygnathus cristatus HINDE - ORR & KLAPPER, pl. 139, figs. 1-4, 8, 9.

1969 Polyggathus cristata HINDE -'POL@LER. p. 421, pl. 5, fig. 22.

*1970 Polygnathus cristatus (?) HINDE - KIRCHGASSER, p. 346-347, pl. €3,

figs. 3, 7, 10.
Oﬁﬁ, p. 48, pl.6, figs. 1, 2.

.

1971 Polygnathus cristatus HINDE

‘1971 Polygnathus-cristatus HINDE - SCHUMACHER (a), p. 98, pl. 10, figs. 1, 2.
ZIEGLER & KLAPFER in ZIEGLER, KLAPPER &

1976 Polygnathus cristatus HINDE

JOHNSON, pl. 4, fig. 18.

*1978 Polygnathus cristatus HINDE - ORCHARD, p. %2, pl. 115, fig. 23.

UYENO, p. 241, pl. 2, figs. 12, 13.

1

1979 Polygnathus cristatus HINDE




- 193 -

*1980 Polygnathus cristatus HINDE - KLAPPER in JOHNSON, KLAPPER & TROJAN,

pl. 3, fig. 36.

Diagnosis: A species'of Polygnathus, in.which the platform is fairly broad, and
is symmetriéally’oval to‘rather more subcircular in outline;..Tﬁe oralysurface
bears eh orﬁament of coarse and longitudinally aligned nodes; which may

become more deosely and more irregularly distributed in large specimens. The
’free blade is short and high. Aborally, a fairly small, oval Basal cavity is

located in the anterior half of the platfomm.

Description (?orquay material)s The platform is symmetrically oval to more
neerly circdlar ln outline, and is broadest in the anterior half. From the
widest part, the platform tapers evenly posteriorward in all growth stages,
and also tapers evenly anteriorward to the free blade in small specimens. In
larger forms,wthe enterior pletform'is rather blunt, because the anterior
platform marglns curve to meet the free blade at steep angles, of dp to
vninetyddegreei. The oral surface usually.bears an ornament of coarse,
rounded hodes; which are more or less aligned into longitudinal rows. These
are parallel to‘the carina throughout much of the platfomm, but tend to diverge

from it anteriorly; to}produce"Short, feirly deep, triangular (in plan view)
adcarinal troughs; Smooth bands extend posteriorward on either side of the
carina, and the Platform is fairly flat beneath the ornament. 1In the latest
growth stages, the nodes become relatively smaller, and more closely and
irregularly distributed. They also exhiblt a partial tendency to fuse with
each other. The rounded nodes of the carina are larger than those of the
platform ornament in all individuals, and are slightly elongated and fused
at platform ﬁid-length, becoming increesingly more separated posteriorly to
the pointed tip. The free blade is never sufficiently well preserved to be
described. .

In oral view; the length axis of the entire unit is gently curved,

" whilst in profile the platform is weakly arched. Aborally, a fairly small,
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oval basal‘CavityAis developed‘roughLyAat the mid-point of the anterior half of
the platform.‘ A keel extends both anteriorward and posteriorward from the

cavity, and is grooved in the former direction.

" Remarks and comparisonss The lectotype of Po. cristatus (Hinde 1879, pl. 17,
fig. 11) has ay ornament of coarse, rounded or sometiﬁés obliquely elongated
nddes, which are aligned in longitudinal rows, parallel to the carina. The
Vmaterial avallable includes several growth stages with strong, rounded nodes
which are arranged in this manner {illustrated on PL. 13, figs. i?, 18, 21, 22,
25-27).  Orr (1964, text-fig. 4) depicted an ontogenetic series of similar
examples from the Alto Formation of sou£hérn Iliinois, which indicated that
the platform became better developed and relatively broader with ontogeny,

and bore increasingiy more longitudinal rows of nodes on the oral surface, as
the ornament itself becaﬁe better formed. These tendencies are apparent in
the specimeﬁs to hand. The anterior platform is of a somewhat variable nature
in Orr's material, and is usually less blunt'(in plan view) than in the laiger
of the Torquay‘indiv.iduals (e.g. Pl. 13, figs. 17, 22, 25).

~ The larger of the speéimeng which Bischoff and Ziegler (1957)

’referfed fo Po. crisfatus sometimes exhibit variation with regard to the
overall morphology of their platfomms, and/or to the configuration of their
ornament. These features are most apparent in Bischoff and Ziegler (1957,

pl. 15, figs. 8, 9, 11-13, 16), in which individuals the platform margins
' may be more irregular and less evenly curved than is often seen in the species.
Further, the ornament in these examples is of rather less coarse but more
profuse nodeé, which méy fuse either partially or more fully, to produce an
irregﬁlar network of ramifying ridges. The anameﬁt of the large Torquay.
specimen shown on Plate 13, figs. 19, 20 is considerably obscured by the effects |
of dolomitisatidn,>but tends towards this manner of development. The platform ‘
margins of this individual are.regularly and smoothly curved.

Representatives of Po. ggigﬁg&gg with a somewhat finer, more densely
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nodose and, often, distinctly fused ornament approach Po. a. asymmetricus.

However, their ornameht is still rather more coarse than in the latter taxon,

in which thg nédes are usuvally discrete, énd display no mdre than a weak degree
of fusion, if any. The oval to subcircular, symmetrical piatform of Po.
cristatus also distinguishes the form from the subquadrate, asymmetrical platforn

of Po. a. asymmetricus. Aborall&, the basal cavity of the former species is

relatively larger than that of the latter; and may be located a little further
anteriorward. The morphology of the anterior platform seems to provide an
additional character for separating the two taxa. The anterior platform of

Po. a. asymmetricus usually tapers toward the free blade, and does not have the

blunt configuration sometimes seen in Po. cristatus. This criterion cannot
always Ee applied, because, as noted above, the anterior platform of the
last species exhibits a variable development. A range of variation is‘
‘apparent in all the material which Bischoff and Ziegler assigned £o Po.
cristatus. The anterior platform is clearly blunt in Bischoff and Ziegler
(1957; pl. 15, fig. 1b), but tapers toward the free blade and may be rather
pointed in other of thelr examples (e.g. Bischoff and Ziegler 1957, pl. 15,

figs. 8, 10-13, 16).
| . - Po. limitarls has a strongly nodose ornament, iq which it resembles
Po. cristatus, but Ziegler and Klapper (in Ziegler et al. 1976, p. 122) théught

that the two could be distinguished by the more nearly circular platform

outline of the latter. They indicated the existence of specimens intermediate
between Po. limitaris and Po. criStatus,’and_suggested that the létter may have
been derived from the former, which idea had been propounded earlier by

Ziegler (1965b, p. 669: 29; limitaris as Po. gp.). With further regard to

the evolutionary‘position of Po. cristatus;several authors (e.g. Lane et al.
1979, p. 217, after Helms and Ziegler in press) havé considered the species

to be, itself, ancestral to the genué Klapperina. Orr and Klapper (1968,

p. 1072, pl. 139, figs. 8, 9) had previously recorded individuals which they

thought were transitional between the former taxon and K. disparalvea (the

latter as Pa.? disparalvea).
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Further remarks concerning  -Po. cristatus are made under Po.

ordinatus.

Range and occurrence: Eg. cristatus ranges from the base of the Upper hermanni- ,

cristatus Subzone into, but iny questionably to the top of, the Middle

asymmetiicus Zoné (Ziegler 1971, chart 3; in Klapper'and Ziegler 1979,

text-fig. 5). 1In Torquay, the species occurs at Babbacombe Cliff (samples

BC-32, 33) and Bartén Quarry (samples BQ-1, 2, 18, 26, 30).

Polygnathus decorosus STAUFFER

Plate 13,ifigs. 57, 9—13, 15, 16.

*1938 Polygnathus decorosus n. sp. - STAUFFER, p. 438, pl. 53, figs. 5, 6,

10, 15, 16 (only: fig. 6 = lectotype, designated by HUDDLE 1970,

D. 1034).
- nonl964 Polygnathus decorosa STAUFFER - ORR, D. 14, 16, pl. 1, figs. 3-5, 7,

pl. 3, fig. 2 (pl. 1, fig. 4 and pl. 3, fig. 2 = Po. ovatinodosﬁs?;

pl. 1, fig. 3 = Po. xylus xylus); pl. 1, figs. 5, 7 =2).
nonl 966 Polygnathus decorosa STAUFFER - ANDERSON, p. 411, pl. 50, figs. 6-8,

.. to, 11, 13, 15, 19.
21968 Polyenathus decorosa STAUFFER - MOUND, p. 505-506, pl. 69, figs. 19,

21..29- :
*1970 Polygnathus decorosus STAUFFER s. 1. - KIRCHGASSER, p. 347-348, pl. 64,

figs. 2, 7 (?); 8(2) (only).
nonl 971 Polygnathus decorosus STAUFFER - ORR, P. 48, 49, pl. &4, figs. 1-5

(= Po. ovatinodosus).

+1973 Polygnathus decorosus STAUFFER - KLAPPER in ZIEGLER, p. 351-352,

Polygnathus - pl. 1, fig. 5 (original of KIAPPER, PHILIP & JACKSON
1970, pl. 3, fig. 5 and same specimen as STAUFFER 1938, pl. 53, fig.

6) (see synonymy) .
21975 Polygnathus dubius HINDE - BULTYNCK, p. 22-23, p1. 1, fig. 4 (only)
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N

+1981 Polygnathus decorosus STAUFFER-DUFFIELD & WARSHAUER, pl. 1, fig. 13.

Diagnosiss See Klapper, Philip and Jackson 1970, p. 653.

Remarks and comparisons: Po. decorosus was first described by Stauffer (1938,

P. 438), and was reassessed by Klapper et al. (1970, p. 652-654). The species
has been used in a broad sense by several éuthors (§t§' Ziegler 19650,
Kirchgasser 1970), but Ziegler and Klapper (in Ziegler et al. 1976, p. 124)
preferred to include several of these forms in synonymy with thelir Po.

“ovatinodosus.

Po. decorosus is used "sensu stricto" herein. Specimens from

Torquay assigned to tﬁe species, and those of authors cited in the synonymy,
have a.narrow, elongated and symmetrical platform, and are consistent with
Po. decorosus as envisaged by Klapper et al. (1970). 1In the examples on

| Plate 13, figs. 5, 9, 10, 15, the anterior platfomm ﬁargins faper smoothly
foward the free blade, whilst in the individual on Plate 13, fig. 6 the
~anterior platform margins turn in rather more angularly and abruptly, to
produce a more sagittate platform outline. Adcarinal groofes are developed
in all.specimens, but there is variation in the nature of the oral surface
ornament. This may consist of a row of nodes on each platfomm margin, as in
'the examples on Plate 13, figs. 5, 6. In contrast, the specimen on Plate 13,
figs. 9, 10, 15 has an ornament of more numerous but somewhat smaller nodes,
which form transverse nodose ridges anﬁeriorly.‘but become discrete and
randomly distributed posteriorly.

The ornament of the individual on Plate 13, figs. 7, 12 is rather
ridge-like. The ridges are afranged normal to the carina anteriorly, but
become inclined té it posteriorly, a feature which Stauffer (1938, p. 439)
noted in Po. webbi. However, in'compafison with the example to hand, the last
specles bears more numerous_and betfer developed ridges, and the platform

“outline makes the form readily distinguishable from all representatives of
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Po. decorosus‘.m

With regard to platform outline, the last-mentioned Torquaj specimen,
and those on Plate 13, figs. 11, 13, 16, have more or less parallel platform
margins, and thus show a tendency‘toward Po. x. xylus. However, the adcarinal
grooves of Po. 5; legg are deeper posteriorward compared to those of Po.
decorosUS; and tne Torquay material referred to the former taxon is more robust
than that assilgned to the latter. In both Po. x. xylus and Po. decorosus the
free blade typically comprises aboﬁt one-half of total unit length. Kla?per
et al. (1970, p. 653) thought that the denticles of the free blade were of
equal height in Po. decoroaue, but declined posteriorly in 22; X. xylus,
although the last feeture is evident to sone extent in individuals from
Torquay designated 29( decorosus (e.g. Pl. 13, figs. 12, 16).

In comparison with Po. ovatinodosus, the platform of Po. decorosus

is more slender, a rostrum is not developed, and the ornament is finer. The
first two characters allow Po. decorosus to be distinguished also from Po.

- dubius, as do the symmetrical platform and relatively longer free blade of the

former species.

Range and occurrence: Po. decorosus ranges from the Ancyrognathus triangularis

Zone, through to the Uppermost gigas Zone (Klapper in Ziegler 1973, p. 351).

In Torquay, Po. decorosus occurs at Babbacombe Cliff (samples

BC-5, 8) and Petit Tor Beach (samples PB-1, 2, 3, 6, 12).

Polygnathus dubius HINDE

Plate 12, figs. 1-16; 17-27 (aff.).

21967 Polygnathus ordinata BRYANT - CLARK & ETHINGTON, p. 63, pl. 7, fig. 5

(only).
1967 Polygnathus foliata BRYANT - CLARK & ETHINGTON, p. 61, pl. 5, fig. 7,

- pl. 7, fig. 7(?).
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o *1970 Poiygnaihus dubius HINDE - HUDDLE, p. 1037-1038, pl. 138, figs. 1-17

(fiés. 5, 6 = neotype: originally illustrated by BRYANT 1921, pl. 10,
fig. 16; selected by Huddle as the lectotype of Po. foliatus BRYANT and
as the neotype of Po. dubius) (see synonymy)

1970 Polygnathus foliatus BRYANT - SEDDON (a), pl. 13, fig. 6.

1973 Pblygnathug dubius HINDE -~ KLAPPER in ZIEGLER, p. 353-354, Polygnathus-
pl. 1, fig. P (onlys original of KLAPPER & PHILIP 1971, fig. 12P)

(see synonymy). :
*1975 Polygnathus dubius HINDE - BULTYNCK, p. 22-23, pl. 5, fig. 3 (non pl. 1,

fig. 4 = Po. decorosus?; non pl. 15, fig. 2 = ?).

21979 Pblygnathus dubius HINDE - UYENO D. 244, pl. 2, fig. 11.

?1979 Polygnathus sp. - UYENO, p. 246, pl. 2, figs. 23-25.
71980 Polygnathus dubius HINDE - KLAPPER in JOHNSON, KLAPPER & TROJAN, pl. 4,

fig. 32

Diagnosis: See Huddle 1970, p. 1037.

Remarks and comparisonss The problems surrounding the designation of To.

dubius have been thoroughly discussed by Huddle (1970), who also described

the species,Of the specimens te hand, those shown on Plate 12, figs. 1-9,

14-16 appear to correspond most closely to Huddle's examples. In these Torguay
individuals, a distinct IOStrﬁm is developed, behind which the platform is
clearly asymmetrical, the outer platform being wider and more broadly rounded

than the inner. The ornament is characteristic of the species, and is of

nodes which may be transversely aligned, and sometimes partially fused, to

produce nodose ridges. Adcarinal grooves are present, and are fairly shallow.

In the example on Plate 12, figs. 4-6 the adcarinal grooves are exceptionally,

and possibly afypically, wide. Howevef, this specimen is very large compared

both to the other Torquay forms and to Huddle's figured material, and it is

' 4hought that this could be a mature development. The moderately large example

on Plate 12, figs. 1-3 is also rather unusual, in that the cardna does not
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attain the p&étefior tip. Aborally, the basal cavityAis always oval in
outline. 1In large growth stages, if is fairly small and is located at thé
posterior end of the rostrum, whereas in smaller specimens (e.g. Fl. 13,
figs. 8, 9, 14-16) the basal cavity is relatively larger, and may occupy the
ehtire length of‘the lower surfacevof the rostrum. R

- Po. duBius has been’compared_with Po. ovatinodosus by Ziegler and

Klapper (in Ziegler et al. 1976, . 124). They noted that the free blade of
tﬁe former ié relatively shorter, occupylng one-third of totai unit length,
and is relatively higher at the anterior end. In contrast, the free blade
of the latter compfises about One;half of total unit length, and is more
uniform in height. They aléﬁ'observed th;t the rbstrum is obViously longer
in Po. dubius, and that adcarinal gro§veé extended posteriorward of it.

However, they included in synonymy with 29; ovatinodosus specimens in which

the adcarinal ‘grooves are rather well developed behind the rostrum. A similar

development 1s exhibited by some individuals to hand referred to this species,

and this aspect is discussed further under Po. ovatinodosus.

The present author conslders that the overall platfom outline,
including the extent of formation of a rostrum, provides a useful criterion

“for differentiating between the iast two taxa, especially when dealing with

material in which the free blade is not intépt. Typically, Po. ovatinodosus
has a symmetrically oval piatform with a very short rostrum, whereas the
platform of Po. ggpggg is clearly asymmetrical and wider in the outer half,
and the rostrum is obviously longer. These criterla may be difficult to apply
to small growth stages. Huddle (1970, p. 1037) noted that a rostrum was

not present in speciﬁens of Po. dublus less than 0.4mm long, and perusal of
his 11lustrations of this species indicates that platforn asymmetry is not

always distinet in small forms (e.g. Huddle 1970, pl. 138, fig. 11).  Further,

in examples of Po. ovatinodosus'of a similar size (g.g. Ziegler and Klapper

in Ziegler et al. 1976, pl. 2, fig. 1), the platform is not as clearly
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’symmetrically”6Val as in larger growth’stages. However, in small examples
of Po. dubius from Torquay (e.g. Pl. 12, figs. 8, 9, 14-16), both the
-platform asymmetry and the rostrum tend to be rather more apparent than in

small specimens referred to Po. ovatinodosus (g.g. Pl. 11, figs. 20, 2?).

Several individuals to hand, shown on Plate 12, figs. 17-27, have a
well developed, lohg rostrum, and the free bléde, when intact, comprises about
one-third of totél unit léngth and is higheét anteriorly. In these respects,
the»sﬁecimens are consistent with Po. dubius. However, they are only tentatively
assigned to this specles because of the configﬁration of the platform behind
the rostrum, where it is more or less symmetrically oval in outline, is
sometimes réther broad, and the adcarinal grooves may be very shallow. In

these feétures, the examples approach Po. ovatinodosus. The specimens include

several growth stages and, in the largest (P1. 12, figs. 22, 23), the piatfprm
is conspicuously broad and flat; Individuals shown by Clark and Ethiﬁgton
(1967, pl. 7, figs. 5, 73 cited as Po. ordinata and Po. foliata respectively),
and by Uyeno (19?9; Pl. 2, figé. 23-25: cited as Po. sp.), are similar to
th0se‘tq hand, and are only éuestionably_included in synonymy with‘gg. g5§12§’
herein. Both the first-mentioned specimen figured by Clark and Ethington,

and the one illustrated by Uyeho, exhibit rostral ridges, which features are
not evident in the Torquay examples.

* The specimens shown on Plate 12, figs. 10-13 seen to have a
morphology intgrmediate between those referrgd to Po. dubius and those
desigﬁated Po. aff. ggpggg; ‘Their platforms are somewhat broader than those
of the former, but are still asymmetrical, and lack thg better developed oval
outline of the latter. Kirchgasser (1970, pl. 65, figs. 1, 2) figured similar
indi&iduals from North Cornwall (designated Po. foliaius). Ziegier and Klapper

(in Ziegler et al. 1976, p. 124) placed Kirchgasser's material in synonymy

with Po. ovatinodosus, and themselves aséigned to this specles a specimen in

which the rostrum is rather long, the platform is asymmetrical, and the free
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Blade éOmpri;es between one-third and Qne-ﬁalf of total unit length (Ziegler
and Klapper op.cit., pl. 2, fig. 9). In these respects their individual
conforms with Po. ggbig§.‘and, to some extent, resembles those from Torqua{
shown on Plate 12, figs. 10-13. It is preferred that, because of their

well developed iostrUm and asymmetrical platform, at least the latter specimens

'

be referred to Po. dubiusirather than to Po. ovatinodosus. However, both

these examples, and those designated Po. aff. dubius, suggest that there may

be morphological gradation between the two species.

Range and occurrence: The range of Po. dubius extends from the base of the

Upper hermanni-cristatus Subzone, into the lower part of the Lower

asymmetricus Zone (Klapper in Ziegler 1973, p. 35%; Ziegler in Klapper and

Ziegler 1979, text-fig. 5).

| In.forquay, Po. dubius occurs at Babbacombe Cliff (samples BC-1,
2, 5, 8,9, 11; 32) and Barton Quarry (samples BQ-1, %, 13, 14, 16, 20, 22,
26, 28, 30). Specimens designated Po. aff. dublus occur at the same two
localities (samples BC-11, 13, 33, 3% and R-2, 4, 5, 7, 9, 10, 12, 15, 16,

18, 19, 20, 22, 23, 26, 27, 28, 29, 30, 3L respectively).

The Polygnathus linguiformis Group

Po. linguiformis was first described by Hinde (1879, p. 367).

Various forms have subsequently been ' assigned, both as subspecies and

morphotypes; to what has become the Po. linguiformis group.

Wittekindt (1965) established two subspecies, Po. 1. mucronatus énd

Po. 1. transversus: Compared with Po. 1. linguiformis, which equated with
Hinde's original concept, the first taxon was characterised by the absence
of ridges on the strongly constricted tongue, the second by the form of the

anterior platform, on which nodes were aligned to produce diagonal rostral

ridges.
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_ To. i, foveolatus and Po. 1. deﬁiscens were erectéd by Philip and
Jacksoq’(1967). The two taxa were distinguished from the nominate subspeéies
both by the oral and aborél configuration of the cross-section at platform'
nid-length, and by the form of the basal cavity aborally. Within their
discussion of the first features, Philip and Jackson (1967, text-fig. 3c)

depicted the characteristically deeply troughed outer platform of Po. 1.

linguiformis. = Klapper (1969; p. 13-15) raised the two new subspecies to
specific level, as Po. dehiscens and‘gg.'foveola%us, because of the very
different nature of thelr aboral mOrpholoéy, in contrast with that of the

nominate subspecies.

Bultynck (1970) established the alpha, beta and gamma morphotypes .

ofbgg. 1. linguiformis, which were dlstinguished from each other largely by
the brgadth and degree of flatness Of the posterior outer piatform, and
by the outline of the outer platforn-tongue. Klapper (1971) described Po. 1.
Eooperi, in which the outer margin of the platform-tongue is fairly regularly
curved, the platform 1s relatively flat, and the>transverse ridges‘on the
tongue tend to be lrregularly deveioped.

To some extent, Ziegler am Klapper (in Ziegler et al. 1976, p. 122-
124) revised the nomenclature of the group. Po. l. mucronatus and Po. 1.
transversus were redefined as the zeta and eta morphotypes, respectively, of

Po. 1. linguiformis, because of thelr "relative rarity and sporadic vertical

and geographic occurfence". The authors cqnsidered that the gamma
morphotype of Bultynck (1970) was identical with Hinde's holotype of Po. 1.

linguiformis, recognised Bultynck's alpha morphotype, and also described

two new taxa, the delta and epsilon morphotypes. It should be noted that the
eta and delta morphotypes differ only in the development of rostral ridges
in the former, and that the epsilon morphotype includes forms both with and

without these features.

Ziegler and Klapper (in Ziegler et al. 1976, p. 122) regarded Po.
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" . parawebbi CHATTERTON as a member of the 29; linguiformis group. However, they

treated it as a subspecies of Po. linguiformis (Po. 1. parawebbi) rather than

as a morphotype of Po. 1. linguiformis, because in North America it was "an
abundant and vertically consistent element of late Eifelian and early
Givetian faunas". Klapper (in Ziegler 1977, p. 477) subsequently returned the

form to,specific'status. He observed that, while Po. parawebbl and Po. 1.

linguiformis gamma morphotype (Po. 1. 1inguifomis herein) were similar with
regard to thelr overall outline and to the deeply troughed outer platform;
they differed in that the posterior part of the unit in the former lacked
the strong development of transverse ridges seen in the latter, and bore-

instead a more or less complete carina. He also considered that the

multielemental apparatuses of Po, parawebbi and Eg,'l. linguiformis, as
reconstructed by Chatterton (1974, pl. 2, figs. 1;9) and by Klapper and
Philip (1971, text-fig. 2) respectively,‘differed sufficiently with‘respect
to the nature of the other elements present, especially with reference to
01, for Po. parawebbi to be more appropriately malntained at specific level.
It is the present author's opinlon that the last is not, at the moment, a

valid criterion for separating this form from the Po. linguiformis group,

because "apparatuses" are not well established, and a multielemental approach

is not applicable everywhere. Further, the definition of the Po. linguiformis

complex used herein (see below) contains those features which Klapper thought

set Po. parawebbl apart from the group, as represented by Po. 1. linguiformis.
Consequently, it is considered that Po. parawebbi should be regarded as Po. 1.

parawebbl, consistent with the view of Zlegler and Klapper.
 With regard to other members of the Po. linguiformis complex,

Weddige (1977) described several forms from Germany, including Po. 1. bultyncki

and Po. 1. pinguls (synonymous with Bultynck's alpha and beta morphotypes

of Po. 1. linguiformis respectively), end three new subspecies, Fo. 1.

alveolus, Po. 1. subsp. a and Po. 1. subsp. b. Klapperi(in Johnson et al.

- 1980, p. 102) ieported two new taxa from the Antelope Range of central Nevada,



which he designated as the theta and iota morphotypes of Po. 1. linguifomis.

The various representaﬁives of the Po. linguiformis group show a
considerable"range of morphological variation, wider than is encompassed by

the original definition of Po. linguiformis given by Hinde (1879, p. 3671

g+ v.). The following definition is based on that presented by Orchard (1978,

DP. 944), and is preferred because it embraces all the subspecles and

vmorphotypes assigned to the complex both then and now. The Po. linguiformis
gioup conprises rather eiongated polygnathids, in which the posterior part
of the unit, or tongue (see Bultynck 1970, p. 126, footnote 1% is variably
developed, but is always bent inwards and downwards, and bears transverse
ridges and/or a carina. >Abonally; a falrly small basal cavity is located at
mid-lengtn, or in the anterlor half, of the piatform (minus tongue).

Those members of the Po. linguiformis complex which are represented

in the Torquay faunas all seem to have a distinct morphological and
stratigraphical pOSition. The subspecific designation is favoured where it
iscalready established, being comparable in meaning to this taxonomic level
elsewheie in tne polygnathids; and also in‘other genera under consideration.
The meaning of subspecies 1s also considered to carry more weight than that
of morphotype, but it is acknowledged that this distinction is appanent
rathen than real, the difference between the two being artificial. The
Torquay material 1s neither sufficiently abundant nor well enough preserved
to create subspecies where these are not already recognised, in which case
the morphotype designation is used.

With respect to the phylogeny of the group, Weddige (1977, text-fig.

4) envisaged that the Po. 1inguiformis lineage arose from the basic Po.

dehiscens stock, by way of Po. Eer nus (PHILIP) and Po. inversus KLAPPER AND

JOHNSON. The last three species are consistent with the Po. linguiformis
group in the outline and oral surface configuration of their platforms, as
are such forms as Ib. serotinus TELFORD and Po. foveolatus. However, these

taxa are all readily distinguished from the complex in aboral view, by the
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very distinct morphology of their often much larger basal cavities. The

Famennian specles Po. semicostatus BRANSON AND MEHL also resembles some members

of the To. lihguiformis group, but it, too, may be distinguished aborally,

the basal Cavity being Just a small depressionin a thickened part of the keel.
Further remarks concerning the complex are presented under thé 22, Co
costatus group.

!

Polygnathus linguiformis alveolus WEDDIGE

Plate 8, figs. 3, &, 8; 2 (cf.).

*1977 Polygnathus linguiformis alveolus n; SSP. - WEDDICE,p. 312-313, pl. 5,

| figs. 85-87 (fig. 85 = holotype).

Diggnoéis: A subspecieé of 22. linguiformis with an-abrubtly constricfed,
extremely shoft and narrow tongue, ﬁhich bears either the small nodes of

the poSferior part of the carina, or a few ver& short trans?erse ridges.

The platform bearsﬁan ornément of short, weak to slightly stionger riogés.
These are arranged at right-angles or rathef obliguely to the margins, and are
separated‘from the carina by adcarinal grooves. The outer adcarinal grbové

is feléfively deeper and,wider than the inher, and the outer platform appears

troughed, because the margin is upturned.

Description (Torway material)s The platform is more or less rectaﬁgular in
plan view.‘and is weakly arched in profile. The outer platform is broader
and a little longer than the inher. Followed posteriorward from the anterior
extremity, the former becomes slightly wlder, and 1s then deflected inwards
to the toﬁgue, the boider forming an approximate, broadly rounded iight— |
angle. In contrast, ﬂhe maxginvof the inner platform-tongue is more nearly.
-straight throughout its entire length. The tongue itself is abruptly

constricted, is conspicuously short and narrow, and bears one or two short
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transverse_ridges. The inner platform‘is ornamented with a few weak nodes

or Shor% ridges, because of which it appears slightly thickened anteriorly.
The outer margin bears longer ridges which are not strohg, tend to be roughly
parallel to each other, and are arranged eifher oBliquely or norméily‘to'the
margin, which may be weakly serrated. The ornament is separated from Fhe
carina. by adcarinal grooves, of.which the outer is deeper and wider than the
inner. Both grooves deepen anteriorly, because the platform margins are
u?turned in that di£ection. The 6uter margin is upturned hore strongly than
the inner, and the outer half of the anterior platform appears rather trough-

shaped in cross-section.

The free blade is never fully preserved and cannot be described. The
fixed blade beéomes gradually lower, in profiie, behind the anterior platform
border, and continues posteriorward as a low, fused carina. Because of the
greafe; development of tgé outer platform, the carina lies increasiﬁgly
closer to the margin of the innér platform (in plan View), and dies out.at,
or soon after, platform-tongue mid-length.' Thé final nodes of the carina
aré sometimes fairly discrete. One or two short ridges tend to be developed'
- in the central part of the platform behind the carina but béfore the tongue.
The ri?geé are parallel to those of the tongue, and roughly normal to the
course of the carina. Aborally, an elongated, oval-shaped and rather thick
rimmed basal cavity is develaped in the anterior half of the platform. In
small giowfh stages the cavity is'moderately large, and is located close

to the anterior margin of the platform.

Remarks and comparisons: The specimens on Plate 8, fig. 2 and figs. 3, &4, 8

herein closely resemble one illustrated by Weddige (1977, pl. 5, fig. 86) with

regard to thelr overall outline. The first of the individuals to hand is -
designated Po. cf. 1. alveolus because of its incomplete nature. In the second,

the outer platform is somewhat flatter posteriorly than in Weddige's example,
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and the earioe is rafher shorter. These differences are attributed to the
former specimen representing an eariier growth stage than the latter. Beoause
of the flatter platfoim, the second of the figufed Torquay indiﬁiduals
epproachesdPo;'i. cooperi. The last subspecies may be distinguished from all
’representatlves of Po. 1. alveolus by its more symmetrical platform—tongue.
‘which is also more strongly deflected inward posteriorly. Also, the tongue
of the former is broader and less constricted than that of the latter, and
occupies more (about one-third) of total platform-tongue length.

An abruptly constricted tongue is developed in the younger forms

Po. 1. linguiformis iota morphotype and Po. l. mucronatus, but in both the

tongue is relatively longer and better developed than in Po. 1. alveolus.
The first two taxa are more‘robust in overall morphology compared with the -
last,.and thelr ornament is coarser, because of which their platform

borders ofteﬁdappear stronglyvserrated. The platforn margins of Po. 1.

| mucronetue ere upturned, as in Po. 1. alveolus, whereas the platform ofv;\
the lota morphotyﬁe is rather flat. Further, the basal‘cavity of the last -
fornm is somewhet larger in comparison with that of Po. 1. alveolus, and also

with éhat of other members of the Po. linguiformis group. With regard to the

size of the basal cavity, the lota morphotype 1s atypical of the complex.

EQ; 1. alveolus resembles Po. 1. linguiformis with respect to the
deep, wide outer adcarinal groove. However, the outer pletform tends to be
rather less deeply troughed in the formerAthan in the lattei, because the |
outer platform Margin of Po. 1. alveolus is usuelly less strongly upturned

compared with that of 224 1. linguiformis, and does not exhibit the flange-

1ike development typical of the last subspecies. Also, the tongue of Po. 1.

linguiformis is broader, better developed, and more clearly deflected inwards

than that of Po. 1. alveolus, and is relatively longer, comprising one-third

or more of total platform-tongue length.
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Range and occurrences In the Eifelian Hills of Germany, Po. 1. alveolus

- ranges fiom the upper paft of fhe c. costatus Zone into the lowei paxrt of
the‘k0ck911anus Zone, and possibly into the higher part of the lattei Zone
(Weddige 1977, tables 2, 5).

. In Torqﬁay,_gg. 1. élveolus occurs at Long Quarxy Point (samples
1G-3, 12), while material designated Po. of. 1. alveolus occurs at Redgate

Beach (sample RB-13).

Polygnathus linguiformis bultyncki WEDDIGE

Plate 8, fig. 6.

%1977 Polygnathus linguiformis bultyncki n. ssp. - WEDDIGE, p. 313-314, pl. 3,
figs. 90-92 (fig. 91 = holotype) (see synonymy).
-1977belygnathus linguiformis linguiformis HINDE alpha morphotype BULTYNGK -

KLAPPER.in ZIEGIER, p. 462, 466, Polygnathus - pl. 9, figs. 6, 8a, 8b

(originals of BULTYNCK 1970, pl. 9, figs. 2, 1b, la respectively) (see

g
synonymy) .

*1978 Polygnathus linguiformis bultyncki WEDDIGE - KLAPPER, ZIEGLER &

MA.SH](OVA, Plo 1’ figS| 21, 22' 26"29.
*1979 Polygnathus linguiformis bultynckl WEDDIGE - LANE, MULLER & ZIEGLER,

p. 219, pl. 1, fig. 22. |
*1979 Polygnathus linguiformis bultyncki WEDDIGE - LANE & ORMISTON, pl. 7,

figs. 1, 2, %, 38, 39, pl. 8, figs. 11, 12, 23, 24.

*1979 Polygnathus linguiformis linguiformis forma alpha BULTYNCK - CHATTERTON,

p. 194, pl. 1, figs. 26-29.

DiggnOSisz See Klapper in Ziegler 1977, P. L62; Weddige 1977, P. 313-314.

Remarks and comparisonss Po. 1. bultyncki most closely resembles Po. 1. pinguis.

However, the tongue occuples a lesser proportion of total platform-tongﬁe
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length in the\latter, and the two subspecies may be further distinguished
by the configuration of the outer half of the unit. In Po. 1. pinguis there
is a distinct'lateral expansiOn,-arcuate inioutline, on the outer side of
the platform-tongue junction, whereas Po. 1. bultxncki lacks such a

development. ‘
- The tongue is similar in both the last form and in Po. 1.

linguiformis, hut the two taxa,may be differentiated by the morphology of
their platforms. In the former, the platform margins tend to be more nearly
Parallel than in the latter, and the outer platform is flatter posteriorly,
lacking the deeply troughed cross—section and the strongly upturned,

flange-like margin characteristic of Po. 1. linguiformis.

A single specimen from Torquay, illustrated on Plate 8§, fig. 6, is
assigned to Po. 1. bultyncki. The platform is broken anteriorly, but the
tongue appears to oocupy a proportion of the estimated total platform-tongue

length consistent with the subspecies, as is the morphology of the outer half

of the unit.

Range and occurrence: In the Eifelian Hills of Germany, Po. 1. bultyncki

ranges from the lower part of the serotinus Zone, through into the lower part
of the c. costatus Zone (Weddige 1977, tables 2, 5). In the Barrandian area
of Czechoslovakia, the subspecies has been recorded from the base of the
serotinus Zone to the top of the c. costatus Zone; in New York, Nevada,

and in the Northwest Territories of Canada, within the c. costatus Zone;

and also in the serotinus ' Zone in Nevada (Klapper in Klapper and Ziegler
1979, text-figs- 2-4). At the Fau Noire section at Couvin in Belgium, the

form (as Po. 1. linguiformis alpha morphotype) was shown to range from within

Colb - Colc into Co2bII (Bultynck in Bouckaert and Streel 1974, Excursion

G, p. 5, ).
In Tonquay, Po. 1. bultyncki occurs at Daddyhole Cove. (sample DH-1).



- 211 -

Polygnathus linguiformis linguiformis HINDE

Plate 9, figs. 1-20, 23-25; 21,22(?); Plate 10, figs.1-22.

%1879 Polygnathus linguiformis n. sp. - HINDE, p. 367, pl. 17, fig. 15

(= holotype).
HASS, pl. 50, fig. 11.

1959 Polygnathus linguiformis HINDE

1963 Polygnathus linguiformis HINDE

SCHRIEL & STOFPEL, p. 87, pl. 3, fig.

11 (only).

v1965 Polygnathus linguiformis HINDE - ZIEGLER (a), pl. 1, figs. 7, 10 (only).

1967 Polygnathus linguiformis HINDE CIARK & ETHINGTON, p. 62-63, pl. 7,

fig. 10.

‘1971 fdlygnathus linguiformis HINDE - MIRAUTA, p. 24, pl. 4, fig. 11 (only).

1971 Polygnathus linguiformis linguiformis HINDE - SCHUMACHER (a), pl. 10,

. fig- 11-
1975 Polygnathus linguiformis HINDE - GUPTA, p. 160, 162, pl. 1, figs. 1, 2.

*1976 Polygnathus linguiformis linguiformis HINDE - GARCIA - LOPEZ, p. 176,

Plo 1, fig- 2.
1976 Polygnathus linguiformis linguiformis HINDE - FORDHAM, pl. 5, figs.

. 19"22, 21"” 250
1977 Polygnathus linguiformis linguiformis HINDE gamma morphotype BULTYNCK -

 KLAPPER in ZIEGLER, p. 463-464, 466, Polygnathus - pl. 10, figs. 2a, 2b,
pl. 11, figs. 4, 7 (only: originals of ZIEGLER & KLAFPER in ZIEGLER,

KLAPPER & JOHNSON 1976; pl. 4, figs. 13, 9; KLAPPER & PHILIP 1971, text-
fig. 2P; BULTYNCK 1970, pl. 11, fig. 2a respectively) (see synonymy)

'1977 Polygnathus linguiformis linguiformis HINDE - WEDDIGE, p. 315-316, pl.

5, figs. 80-82.
1978 Polygnathus linguiformis linguiformis HINDE - ORCHARD, p. 948, pl. 110,

figs. 18, 22, 24, 27, pl. 11k, figs. 24, 27, 28, 31, 33-37.

*1978 Polygnathus linguiformis linguiformis HINDE gamma morphotype BULTYNCK -

KIAPFER in JOHNSON & KLAFPER, pl. 1, fig. 12.
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+1979 Polygnathus linguiformis linguiformis HINDE gamma morphotype

 BULTYNCK - SAVAGE & AMUNDSON, pl. 1 figs. 25-29 (fig. 25- 28
transitional to epsilon morphotype7)

.1979 Polygnathus 1inguiformis linguiformis HINDE, gamma morphotype - LANE,

MULLER & ZIEGLER, p. 219, pl. 2, fig. 5.

f1979 Polygnathus linguiformis linguiformis HINDE ( ='gamma morphotype

BULTYNCK) - ORCHARD, pl. 1, fig. 27..

.1979 Polygnathus liﬁguiformis linguiformis forma gamma BULTYNCK -

CHATTERTON, p. 194-195, pl. 1, figs. 16-22, pl. 9, figs. 17, 18.

- .1981 Polygnathus linguiformis linguiformis HINDE-SPARLING, text-fig.3A (only).

.1981 Polygnathus linguiformis linguiformis HINDE, gamma morphotype - WANG &

ZIEGLER, pl. 1, fig. 12, pl. 2, fig. 25.
Diagnosis:See Ziegler and Klapper in Ziegler, Klapper and Johnson (1976, p.122).

Description (Torquay material): The outer plafform is trough—shapéd in cross-
section, because the outet platform margin is regularly upturned and flgnge—
liké,‘pfoduéing a deep adcarinal groove which extends from the anterior |
extremity of the platform to just before the tongue. The margin of the inner
platform is a litple shorter thén the outer; and 1s upturned only anteriorly,
where éﬁere is a moderately deep inner adcarinal groove. In the anterior part .
of the platform, the outer margin, inner margin and carina are developed at a
similar height to each other, but the firét‘feature i1s higher than the last

two posteriorly, becéuse the inner platform becomes flat in this direction,
sometimés with a slight degree of lateral expansion. In plan view the inner
platform-tongue border describes a smooth, fairly regular curve throughout its
entire length. Traced behind the anterior end of the platform, the outer
rlatform margin is often more or less straight until the inward flexure to the

tongue, and is initially parallel to the inner border, but then tends to

divérge from it, because the outefvplatform commonly becomes gradually wider

- until immediately before the tongue.
“ In all but very small growth stages, the tongue 1s flat and well
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developed, occupies one—third or more of total platform-tongue length and
is bent inwards and downwards to a variable but usually strong extent, while
variably tapering to the rather pointed posterior tlp. At the point of
flexure, the outer platform-tongue border may be sharp and rather angular
in outline, or may be more broadly rounded, and sometimes approaches a
right-angle. The outer margln of the tongue itself is approximately straight,
but may show a weak inward curvature, sometimes followed by a slight outward -
expansion, a little after the beginning of the tongue.

The outer platform bears an ornament of usually fine, often
numerous iidges. These tend to be parallel to each other, and are arranged
normally or somewhat morevobliquely to thelmargin, to which they are
restricted. The mamgin may sometimes be serrated, but generally only weakly
s0. . The inner platform marginvappears slightly thickened amteriorly, where
a serrated'mérginal ridge is developed, parallel to the carina. The ridge dies
out posteriorly, and thereafter very short transverse ridges or random nodes
are present, where tﬁelinner platform is*flat and slightly outwidened.
Transverse ridges cross the entire width of the tongue, and may be continuous
or interrupted, straight or, especlally anteriorly, curved. A few rather
shortvridges may be present in the central part of the platform, at the
platform-tongue junction. They may attaln the inner margin but not the
outer, are developed behind and roughly parallel to, or concentric with,
the ridges of the tongue, and ere more or less normal to the course of the
| carina. The carina elther terminates before the central ridges; or may
extend weakly into this area and, sometimes, into the anterior pert of the
tongue. but mever reaches the posterior tip.

The free blade comprises about one-quarter of total unit length.
The blade denticles, up to eight in number, are laterally c0mpressed.with

pointed free tips, and appear to be highest a little before blade mid-length.

The fixed blade-carina decreases evenly ' and slowly in helght behind the
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anterior plafform margin,‘its courée being approkiﬁately parallel to‘the
bdfder of the inner platform.r The carina consists of fused, somewhat
elongated nodes, which4may become rather more discrete and rounded (in oral
view) posferiorly; as they become lower in this direction.

| Aboraily, the bééal cavity is elongated and oval to Slightly more
triangulér in o&tline; In large growth stages, the caYity is fairly small
and is located at p}atform (minus tonéue).mid-length, #hereas the cavity of
vsmaller examples is developed a little before this position, and is
relatively larger. In all specimens, the keel extends pOSterioily.to the
tip of the fongue, and is furrowed anteriorly along the lower edge of the

free blade.

Remarks and comparisons: As defined by Weddlige (1977, P. 315) and Orchard

v(1978, P. 9%48), Po. 1. linguiformis is synonymous with the gamma norphotype

of Bultynck (1970), and with Hinde's holotype of Po. linguiformis.
Ziegler and Klapper (in Ziegler et al. 1976, p. 122) had previously stated
that they considered the last forms to be identical, as noted in the

introductory remarks to the Po. linguiformis group herein. Po. linguiformis

: is‘the most commonly 11lustrated member of the complex, and is distinguished
from all éther”represéntatives by the high flange-like development of the
outer platform margin. |

Within the Torquay material, certain morphological differences are
noted between stratigraphically older and younger specimens. Exampléé from |
late Eifelian and low Givetian levels, illustrated on Plate 9, figs. 16-18, 24,
25 majvhave more or less parallel platform margins, and/or the outer platform-
tongue bordef may be sharply and rather abruptly deflected inwards. Orchard
(1975a, p. 135) reported the last feature in materiai of a similar age from
Plymouth, énd weddige (1977, pl. 5, figs. 81, 82) figured individuals from

equivalent horizons in Germanj, which closely resemble the available specimens

shown on Plate 9, figs. 17, 18. Both of Weddige's examples, and the second of
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those to hand, share the development of a thickened outer platform margin. In
contrast with the stratigraphically older material, younger specrmens from
middle—upper Givetian and possibly higher strata in Torquay are sometimes |
relatively less narrow and elongated in overall appearance, and their outer
platform is usually distinctly expanded posteriorly, as a result of which the '
platform margins are rather less parallel. Further, the outer platform_tongue
border is often rounded in the younger material, and may approximate to a
rightuangle in outline. A separation of the early variants from the later

forms may prove to be feasible.:

Representatives from all stratigraphic horizons in Torquay may
exhibit a slight lateral expansion of the flat p0sterior section of the inner
platform, where the oral surface ornament is of very short ridges or

randomly distributed nodes. These features are all consistent with Po. 1.

| linguiformis, although the expansion is never as pronounced in the examples
to hand as inlone—of the specimens from Mount Wise in Plymouth, figured by
Orchard (1978; pl. 114, fig. 34). Alsq the nodes of the Torquay 1ndividuals
generally appear‘to be less profuse than in the Mount Wise material.

| Specimens recovered from Waldon Hill in Torquay shhw a considerable
ditersity of morphological expression within one fauna. For example, the |
ornament is noticeably coarse in the fom on Plate 9, fig. 2, and the outer
platform-tongue margin is strongly serrated at the‘point or flexure.
Because of the features, the individual resembles Po. 1. subsp.b. The
specimen on Plate 9, fig. 1 exhibits a strong inward curvature of the outer‘

border of the tongue, which results in the development of an apparent

extension of the posterior part of the outer platform. The tongue of the

example on Plate 9, fig. 6 is rather constricted and narrow, and approaches

in morphology the tongue of some representatives of Po. l. mucronatus.
The individual on Plate 9, figs. 21, 22 is only questionably
assigned to the nominate subspecies, being unusual in that both the incipient

posterior carina, and the nodose ornament of the posterior inner platform,

\
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extend some distance onto the tongue. A few transverse and rather irregular

ridges are developed only at the tip.

Remarks concerning juvenlle examples of Po. 1. linguiformis are

made under the delta morphotype.

Range'and occurréncez Po. 1. linguiformis has a long age range, extending'

from as low as within the g.‘costatus Zone (in New York, Kentucky-Indiana,

‘Nevada, and in the Eifelian Hills of Germany), to at least as high as the

upper boundary of the Upper hermanni¥cristatus Subzone (Klapper and Ziegler
1979, text-figs. 3-5). In Belgium, the nominate subspecies first appears
in the upper part of Co2b in the Couvin area (in Bouckaert and Streel 1974:

as 29. 1. linguiformis gamma morphqtype), which leVel Weddige (1977, table 4)

correlated with the higher part of the c. costatus Zone. With regard to the
- upward extent of the age range in the last country, Bultynck (1975, text-

figs. 3, 5) recorded Po. 1. linguiformis in therlower asymmetricus Zone at

Sourd d'Ave and Doische-Wellin. In Torquay, the form is commonly encountered

in faunas of late Eﬁfeliah to high Givetian, and possibly younger, age..

Polygnathus linguiformis linguiformis HINDE,

delta morphotype ZIEGLER & KLAPPER

Plate 8, figs. 9, 10, 12; 5 (cf.).

*1976 Polygnathus linguiformis linguiformis HINDE delta morphotype nov. -

'ZIEGLER & KLAPPER in_ZIEGﬁER, KILAPPER & JOHNSON, p. 123, pl. &4, figs.
4-8 (see synonymy).
1977 Polygnathus linguiformis linguiformis HINDE delta morphotype

ZIEGLER & KLAPPER-KLAPPER in ZIEGLER, p. 464-465, 466, Polygnathus -
‘pl. 10, figs. la, 1b, 3 (originals of ZIEGLER & KIAPPER in ZIEGLER,

KIAPPER & JOHNSON 1976, pl. 4, figs. 7, 8, 6 respectively).
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*1978 Polygnathus linguiformis HINDE; delta morphotype ZIEGLER & KLAPPER -

ORCHARD, p. S44, pl. 110, figs. 21, 23 (only).

«1979 Polygpathus linguiformis linguiformis HINDE delta morphotype ZIEGLER

& KIAPPER + SAVAGE & AMUNDSON, pl. 1, figs. 9-11.

1979 Polygnathus linguiformis linguiformis HINDE, delta morphotype - LANE

MULLER & ZIEGLER p. 219, pl. 2, fig. 16.

i

Diagnosiss A morphotype ofvgg. 1. linguiformis, in which the platform is

relatively flat, and the trace of the entire outer margin forms a regular
and broadly rounded curve. Both the inne? and outer platform margins bear
- normal to oblique ridges, which are separated from the carina by shallow
adcarinal grooves. A tongue is either absent, or is only poorly developed.
A few weak transverse rildges may be present on the oral surface of the

posteriormost part of the unit, and/or the carina extends to the posterior

tip.

Remarks and comparisons: In their original diagnosis, Ziegler and Klapper

- (in Ziegler et al. 1976;>p. 123) observed that the delta morphotype lacked
the development of a tongue. The present author considers that a tongue

is in fact developed, albeit only inciplently, in those representatives of
the morphotype which bear weak transverse ridges on the posterior tip of the
unit, sometimes together with the posterior extenslon of the carina (g,g.
Orchard 1978, pl. 110, figs. 21, 23; Savage and Amundson 1979, pl. 1,

figs. 9, 10), and has amended the diagnosis to‘conform with this opinion.
Orchard (1978, p. 944, pl: 110, figs. 9, 10, 28, 30) questionably referred
to the delta morphotype large specimens which had well developed,

conspicuous tongues. Similar individuals are not seen in the Torgquay faunas,

but mature growth stages of the delta form might well bear a distinct tongue,

as he suggested.
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The“felatively flat platform of the delta morphotype, together
with the absence of a high flange-like development of the outer platform
margin, and of a corresponding deep outer adcarinal trough, easily
distinguishes the form frpm the nominate subspecies. Further, the absence,
or only poor development, of a tongue in the former taxon enables it fo be
readilyvdifferenéiated both from the41atter, and from all other mémbers of

the Po. linguiformis group. The older Po. 1. cooperi resembles the delta

morphotype with regard to its rather fléttened platform and evenly curved
outer border, but the_tongue of the former is well developed, and comprises
up to one-third of total platform-tongue length. : |

; The epsilon morphotype has a well developed, clearly deflected
tongue, together with platform margins which are more strongly upturned
than”in'the delta form, especially anteriorly, and deeper adcarinal giooves:
The lateral expansion of the posterior outer platform is rather more pronounced
in the former, and the curvature of the entire outer border is stronger than
in the latter, the flexure to the tongue approaching a right-angle in outline.
The representative of the delta morphotype shown on Plate 8, figs. 9, 10,
'_12 herein exhibits tendencles towards the epsilon form. .The outer margin is

a little more bluntly rounded than is typical of the former taxon, and the
rather coarse marginal ridges give.the outer border the>serrated aspect |
evident in some exampies of the latter (e.g. Ziegler and Klapper in Ziegler et
al. 1976, pl. 4; fig. 3). However, the individual 1s cqnsistent with the
delta morphotype in the flat flatform, and in the configuration of the
postéfior part of the unit. The carina reaches.the posterior extremity,
where two short transverse ridges are defeloped, and an incipient tongue is
formed. The ridges do not extend over the full width of the tongue.
The broken juvenile sﬁecimen on Plate 8, fig. 5 is only
cautiousiy" referred to the delta mofphotype, resembling the nominate

subspecles in several respects. In this example the outer platform is
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clearly better developed than the inner, which is the case even in Jjuvenile
representatives of the latter taxon, whereas the two haives ofvthe unit are

typically of more nearly equal develdpment in the former. The carina attains

the posterior tip of the unit, where the final carinal nodes are transversely

enlarged, and there 1s a slight indication of a tongue. The posterior
featureé are thus consistent with the delta morphotype, but the tongue is
only inciplently developed also in Jjuvenile growth stages of gg. 1. lingui-
formis, in whicﬂ the carina may ieach the posterior extremity. However, the
platform of the individual under consideration is fairly flat, whereas the
outer platform is upturned even in small examples of ‘the nominate subspecies,
although the margin is less distinctly flange-like than in more mature forms.
Aiso, the tiace ofvtﬁe outer border of this specimen follows a more or

less uniform curve, as in the delta morphotype. In contrast, the outer

margin in juvenile and sméll growth phases of Po. 1. linguiformis from
Torquay (e.g. Pl. 9, figs. 14, 19, Pl. 10, figs. 15, 18, 19, 21, 22) is

rather more abruptly curved inwards, and is closer to a right-angle in

outline.

Range and occurrences Po. 1. 1inguiform1s delta morphotype occurs in the

lower half of the Middle varcus Subzone, and questionably extends downwards
into the upper part of the lower varcus ‘Subzone (Ziegler in Klapper and

Ziegler 1979, text-fig. 5).
In Torquay, Po. 1. linguiformis delta morphotype occurs at Petit

Tor Beach (sample PB-11), while Po. cf. 1. linguiformis delta morphotype

occurs at Lummaton Quarry (sample IM-13).
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Poiygnathus linguiformis'linguiformis HINDE,

" epsilon morphotype ZIEGLER & KLAPPER

" Plate 8, figs. 11, 14-18, 20.

*1976 Polygnathus 11nguif6rmis linguiformis epsilon morphotype nov. -

ZIEGLER & KLAPPER in ZIEGLER, KIAPPER & JOHNSON, p. 123-124, pl. 4,
figs- 3, 12, 1"" 21'}0 )

1977 Polygnathus linguiformis linguiformis epsilon morphotype ZIEGLER &

» KLAPPER KLAPPER in ZIEGLER, p. 465, 466, Polygnathus - pl. 10,
| figs. 5, 9, 10 (originals of ZIEGLER & KIAPPER in ZIEGLER, KLAPPER &
JOHNSON 1976,p1.4,figs. 3 24, 14 respectively) (see synonymy).
<1977 Polygnathus linguiformis linguiformis HINDE ~ SAVAGE, p. 1352, pl 3,

figs. 5-8 (only)
*1978 Polygnathus linguiformis linguiformis HINDE - UYENO, p. 17, pl. 4,

figs Y 50"52 -
11978 Polygnathus lingulformis HINDE, epsilon morphotype ZIEGLER & KLAPPER -

ORCHARD, p. 946, pl. 110, figs. 14, 17, 20, 26, 29 (only) (see

synonymy ). .
«1979 Polygnathus linguiformis linguiformis HINDE epsilon morphotype

'ZIEGLER & KLAPPER - SAVAGE'& AMUNDSON, pl. 1, figs. 19-24,

~ Diagnosiss See Ziegler and Klapper in Ziegler, Klapper and Johnson 1976,

D. 123;124.

Remarks and compaiisons: The development of the tongue in the epsilon

morphotype is comparable with that of the nominate subspecles, although the
tongue of the former is sometimes relatively broader than that of the latter,
tapering less sharply to a rather more blunt posterior tip. The adcarinal |

grooves tend to be deeper in Po. 1. linguiformis, and the high flangguliké

. outer platformvmargin characteristic of this form is not developed in the
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" epsilon morphbtype. Also, the outer border at the flexure to the tongue 1s
often bfoadly rounded in the latter taxon, whereas the outline in the former
may be more angular and sharper. Individuals which Savage and Amundson

(1979, pl. 1, figs. 25-28) designated Po. 1. linguiformis (as Po. 1.

‘linguiformis gamma morphotype) may, in fact, be transitional ‘to the epsilon
morphotype. Théy have the rather broader, less poiﬁted tongue of the '
latter taxon, while the adcarinal grooves are deep anteridrly, as in the

former. The outer platform margin is not as high and flange-like as in

typlcal examples of Po. 1. linguiformis, approaching instead the flatter and

more rounded (in outline) development seeh in the epsilén morphotype.
This‘morphotypé displays a considerable range of.morphological

expression, as the material from Torquay illu;trates. The.individual on

Plate“8, figs. 11, 16 clqsely resembles one figured by Ziegier and Klappe?_

(in Ziegler et al. 1976, pl. 4, fig. 3), and has a serrated outline,

particularly with regard‘to the outer platform margin, and a rather short

tongue; The example on Plate 8, figs. 17, 20 also has a serrated outer platform

- " border, togethér with more or leés parallel platform margins, and a weli

developed tongue, which comprises roughly one-half of total platform»fongue

length. This specimen is similar to one of the representatives of the

epsilon morphotype from Mutton Cove in Plymouth, illustrated by Orchaid

(1978, pl. 110, fig. 17). He noted that the basal cavitles in his

Plymouth examples of this form were slightly larger than those of the

-nominate sﬁbspecies. This observation seems to be true with regard to the

last-mentioned of the Torgquay examples of the épsilon form, but not to

others; in which the basal cavity is somewhat smaller. In Orchard's Mount

Wise individuals, and especially in the comparable specimeﬁ to hand, the

outer border is father angular ip outline at the flexure to the tongue. In

contrast, the flexure is broadly rouﬁded in the material figured by Ziegler

and Klapper (in Ziegler et al. 1976, pl. 4! figs. 3, 12, 14, 24).'

]

Thé largest of the Torquay fepresentatives of the epsilon
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morphotype, shown on Plate 8, figé.'ibl_ij,‘18, is poorly preserved, but a
rostralbridge is apparent on the anterior inner platform, parallel to the
carina (the anterior outer platform is broken). Rostral ridges were

- observed by Ziegler and Klapper (op. cit., p. 124) in large growth stages of
the morphotype. This particular(specimen to hand resémbles a' large -
indiv;dual which’fhey iliustrated (Ziegler and Klapper gg-gif-. pl. &4,

fig. 24), although the latter example is somewhat larger, and has a more
strongly deflected éongue; compared with the former.

As observed above, the outline of the epsilon morphotype may
appear serrated, in which respect the form approaches Po. 1. mucronatus.
However} the se;rations tend to be better developed in the.latter, becauée
the marginal.ridges'are coarser than in the former. In further cémparison
with Fhe epsilon morphotype, Po. 1. mucronatusAhas a more constricted and
narr§wer tongue, before which the border of the posteridr outer platform
turns inward more sharply. Aléo, the latter taxon lacks the development of
- rostral ridges, which are seen ih some mature representatives of the former.

The epsilon morphotype is discussed further under the delta

morphotype, Po. 1. subsp a, and Po. 1. subsp. b.

- Range and occurrences Po. 1. linguiformis epsilon morphotype ranges from

the upper part of the ensensis Zone into the lower part of the Upper varcus

Subzone, and questionably through intb the Lower hermanni-cristatus Subszone
(Ziegler in Klapper and Ziegler 1979, text-fig. 5).

In Torquay, PB.‘l. linguiformis epsiion morphotype occurs at Lummaton

 Quarry (samples IM-1,17) and Waldon Hill (Warren Road, sample WH-3) .

Polygnathus linguiformis mucronatus WITTEKINDT

Plate 8, figs. 19,'21-30.

*1965 Polygnathus linguiformis mucronata n. subsp. - WITTEKINDT, p. 636,

pl. 2, figs. 13-15 (fig. 15 = holotype).
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noni 971 Polygnathus linguiformis mucronatus WITTEKINDT;é} 1. - UYENO in

. NORRIS & UYENO, pl. 3, fig. 4 (= Po. 1. parawebbi).

non1972 Polyghathus linguiformis mucronatus WITTEKINDT él 1. - UYENO in

' MCGREGOR & UYENO, pl. 5, figs. 22, 23 (= Po. 1. parawebbi).

nonl975 Polygnathus lingyiformis cf. mucronatus WITTEKINDT ~ TELFORD, D. 48,

50, pl. 7, figs. 25, 26.

*1977 Polygnathus linguiformis linguiformis HINDE zeta morphotype ZIEGLER

& KIAPPER - KIAPPER in ZIEGLER, p. 465, 466, Polygnathus - pl. 10,
figs. 4, 8, 7 (originals of ZIEGLER & KLAPPER in ZIEGLER, KLAPPER

& JOHNSON 1976, pl. 4, figs. 20, 21; WITTEKINDT 1965, pl. 2,

fig. 15) (see synonymy).
+ +1978 Polygnathus linguiformis linguiformis HINDE zeta morphotype ZIEGLER

. & KLAPPER - KLAPPER in JOHNSON & KLAPPER, pl. 1, fig. 1k.

1978 Polygnathus linguiformis mucronatus WITTEKINDT - ORCHARD, p. 48,

pl. 113, figs.fé, 7, 10-12, 14,‘15, 17-20, 22, 24 (see synonymy).

Diagnosis (after Orchard 1978)s A robust subspecies of Po. linguiformis,
in which the platform marginé bear short, coarse ridges and often appear

serrated., The ornament 1is separatéd from the carina by narrow gdcarinal

grooveé. The tongue is conspicuous, abruptly constricted and narrow, and
is strongly reduced in juvenile growth stages. The oral surface of the

tongue bears either the posterior part of the carina, or transverse ridges,

or a combinationvof the two. S,

Description (Torquay material)s  The unit is thick and is strongly

A constricted posteriorly, where the tongue'is narrow but conspicuous, and

comprises a little less than one-third of total platform-tongue length in
all gﬁt very small individuals. In the last, the tongue is much reduded.
Thevconstriction is more pronouﬁced in the outer platform, which 1s wider

and slightly longer than the inner. In plan view, the inner platform-tongue
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f margin is‘moré‘or less straight throughgut its entire length; Followed
vbehind fhe anteiior end of‘the platform, the outer border is alsq roﬁghly
straight, until'it is abruptly and rather sharply turned inwards to the |
tongue. The outer-platfo:m margin is either developed parallel to the inner,
or may diverge slightly fromlthe latter posteriorly, in thqse'specimens

in which the outer platforn becomes a littie broader in this direction. The
platform mérgihs are both upturned_fo more or less the same height, and bear
péipendicula: to a little more oblique, short, coarse ridges; because of
which they usually appear distinctly serrated. The ornament is separated
inm the carina by‘rathervnarrow adcarinal grooves. The carina itself - :
consists of fairly low, slightly eiongated and partly fused; rounded nodes,
and 1ieé closer fo thé inner platform border, especlally posteriorly,
because of the gréater development of the outef platform., The tongue is»
weakl& ;o more strongly bent inwards and downwards, and may’bear either

Just the pqstéribr extension Af the carina, or'a‘combination of ca:ina ‘

and short transverse ridges. In large specimens;with a relatively broader
toﬁéue, the ridges:become better developed, and the carina terminates before

then. :
_ The fixed blade rises evenly in height behind the caripa to the
free bléde. The last comprises six or seven oval (in cross-section)
denticles, is highest at mid-length, and occupies rdughly one-third of
 total unit length. Aborally, the basal cavity is rather oval in outline,
and has thickened rims. The cavity is of ﬁoderate slze 1n large specimens,
and 1s located in the anterior half of the platform. It is conspicuously
larger in juvenile growth?stages, and is developed relatively further
forward, just behind the anterior end of the platform. A fairly sharp ﬁeel
runs behind fhe basal cavity tothe posterior tip, and a rather broad groové

extendé anteriorward, onto the lower edge of the free blade.
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" Remarks and comparisonss Ziegler and Klapper (in Zlegler et al. 1976, p. 124)

’amplified the original diagnosis of 29..l. mucronatus, given by Wittekindt‘

(1965, p. 636). They considered that the form (their Po. 1. linguiformis

zeta morphotype) was characterised by a carina which extended to the
posterior tip, and that there was a}complefe absence of any 1etera1'
development in thevposterior part of the unit, comparable with the tongue

of other members of the group. Orchard (19?8, P. 948) revised the diagnosis
to include the development of an abruptly constricted tongue, either with
orvwithout a carina. The diagnosis thus embraced those specimens he -
observed in his Mount Wise fauna, which otherwise resembled each other, and
were coﬁsistent with Po. 1. mucronatus, in their robust nature, oral surface
ornament, and platform cross—section. Orchard thought that Ziegler and
Klapper.may hafe included only juvenile growth stages in their zeta
morphotype, because he noted that the tongue became relatively broader in
more mature ihdividuals, although the posterior part of the unit was still
strongly constricted. The Torjuay representatives of Po. l. mucronatus
display a range in variation of tongue development similar to that evident
in Orchard's Plymouth material, and his broadened concept of the subspecles
is followed herein.

In the available specimens the tongue is narrow, conspicuous, and
abruptly and strongly constricted, although it comprises rather less of
total platform-tongue length than in Orchard's examples, in which the tongue
may be equal in length to the platform. With regard to the range of
morphological expression shown by the posterior part of the unit in the
Torquay individuals, the tongue of the specimen on Plate 8, figs. 24, 29,

30 bears only the carina, which attains the posterior tip. The example on
Plate 8, figs. 19, 22, 23 has a tongue which bears a combination of carina
and short transverse ridges, and closely resembles one form 1llustrated by

Orchard (1978, pl. 113, figs. 10, 14). The individual on Plate 8, fig. 25
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is somewhatvlarger than.the.first two of the representatives to hand,‘and
~has a relatively broader tongue, which bears interrupted transverse ridges.
Orchard (1978, pl. 113, figs. 11, 20) figured a similar specimen, and the
~ Torquay example supportsvontogenetic trends which he renorted'(noted above).

The platform margins in the Torquay material are usually distinctly
serrated, even in the Jjuvenile growth stage on Plate 8, figs. 27, 28. In -
this specimen, the marginal ornament is of very short, coarse, node-like
ridges. The carina:consists of rather large nodes, and reaches the
posterior tip, where the unit is constricted and the tongue inoipiently
vdeveloped. The example‘on Plate 8, figs 21, 26 is unusual in lacking a
strongly serrated outline, and is similar to forms illustrated by Wittekindt
(1965, ol. 2, fig. 14), and by Orchard (1978, pl. 113, figs. 19,.22) Short
perpendioular marginal ridges are absent in the Torquay individual, the
thickened platform borders haVing instead the appearance of tuo rather
blunt, fairly smooth lonéitudinal ridges throughout most ofvtheirvlength,
developed parallel to the equally ridge-like carina. The 1astvfeature
attains the posterior tip of the tongue. A few rather weak serrations are
developed in the nosterior part of the outer platform margin, at the abrupt
flexure to the tongue. |

Po. 1. mucronatus is readily distinguished from most other members

of the Po. linguiformis group by its robust nature, typically distinctly

serrated margins, and strongly constricted, well developed and conspicuous
tongue. These features are all evidentiin the older iota morphotype; which
taxon is easily differentiated‘from.gg.‘l. mucronatus by the morphology'

of the'platform.. In the‘iatter, the platform is rather elongated and the
margins are clearly upturned whereas the platform of the former is
relatively broader andvflatter. Also, the basal cavity of the iota ‘
morphotype is rather large, as is discussed under‘gg.‘l. alveolus. Further

remarks concerning Po. 1. mucronatus are made under the last subspecies,
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and under Po. 1. linguiformis epsilon morphotype and Po. 1. subsp. b.

Range and occurrences Po. 1. mucronatus ranges from the base of the Middle

varcus Subzone, to within the Upper varcus Subzone (Klapper in Ziegler 1977,

P. 466; Ziegler in Klapper and Ziegler 1979, text-fig. 5).

In Torquay, Po. 1. mucronatus occurs at Babbacombe Cliff (sample
BC—ZZ), Lumnaton Quarry (sample LM-11), Waldon Hill (Warren Road, sample WH-2)

and Madrepore Road (sample MR-1).

Polygnathus linguiformis subsp. a sensu WEDDIGE 1977

Plate 8, fig. 1.

«1977 PolygnathusAlinguiformis ssp. a - WEDDIGE, p. 316-317, pl. 5, fig. 83.

21979 Polygnathus'linguiformis ssp. a  WEDDIGE - LANE, MULLER & ZIEGLER,

p. 220, pl. 2, fig. &.

Remarks and comparisons: This subspecies is characterised by the

development of a broad tongue, which appears to occupy between one—third‘and
one-half of total platform-tongue length, and bears distinct transverse
ridges. }he platform margins hase an ornament of moderately strong, |
sometimes rather irregular ridges, which do not reach the carina. Adcarinal
groo&es are feirly deep anteriorly but are shallow posteriorly, in which
direction the platform becomes noticeably flat. The carina terminates
befose'the tongue, and is high.

Po. 1. subsp. a 1s similar to the epsilon morphotype w1th regard
to the morphology and ornament of the tongue. However, compared w1th the
former taxon, the carina of the latter is lower posteriorly, the outer
platform appears to be slightly wider at.the point of flexure to the
tongue, and the tongue itself is more strongly deflected. In Po. l. subsp. a,

the inner platform-tongue margin is more nearly straight. Weddige (1977,
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p. 317, textnfig; 4) suggested that the last subspecles may have peen an
earlier development of-the‘phylogenetic'lineage which produced the epsilon
morphotype. '

The older theta morphotype, which Klapper (in Johnson et al. 1980
p. 102) recorded from the C. costatus Zone, exhibits a superficial
resemblance to Po. i. subsp. a. The two taxa are readily distinguished by
the natdre of the carine, rhich is again lower in the former, and extends
relatively further pcsteriorward, onto the tongue. Also, the tongue appears
to be rather less well differentiated from the platform in the theta
morphotype than in Po. 1. subsp. a.

The example to hand shown on Plate 8, fig. 1 is incomplete, but
‘ displays a strong similarity to the representative of Po. 1. subsp. a from
Germany 1llustrated by Weddige (1977, pl. 5, fig. 83). Iane et al. (1979,
p. 220, pl. 2, fig; 4) assigned to the taxon a form which is rather more
elongated and narrow in overall appearance, and has a relatively shorter
tongue, compared with both the Torquay and German specimens. Because
of these differences, the individual shown by Iane et al. is only
questicnably included in synon&my herein, but it should be noted that
Weddige (197?, P. 317) referred to "aberrant forms" of Po. 1; subsp. a
which showed considerable variation with respect to platform width, and

their specimen may be an example of such material.

Range and occurrences In the Eifelian Hills of Germany, the age range of

Po. 1. subsp. a 1s short, the form being restricted to within the upper part
of the ensensls Zone (Weddige 1977, tables 2, 5). In Perak, Malaya, Lane
et al. (1979, p. 215, 216, text-fig. 2) recorded the subspecies in samples
1466, 1849 and 1850, which'they correlated with the ensensis Zone{

‘In Torquay, Po. 1. subsp. a occurs at Babbacombe Road (sample

BR-9) and Redgate Beach (samples RB-12, 13, 14).



- 229 -

Polygnathus linguiformis subsp. b sensu WEDDIGE 1977

Plate 8, figs. 7, 13.

21966 Polygnathus linguiformis HINDE - PHILIP, p. 158, pl. 1, figs. 12-14.

1977 Polygnathus linguiformis ssp. b - WEDDIGE, p. 317, pl. 5, fig. 8.

+1978 Polygnathus linguiformis HINDE, ? epsilon morphotype ZIEGLER & -

KLAPPER - ORCHARD, p. 946, pl. 113, figs. 27, 29.

§

Diagnosiss A small subspecies of Po. linguiformis, in which the platform

margins bear normal to.oblique. short.'coarse ridges. and appear

serrated. The ornament is separated from the carina by relatively deep,
wide adcarinal grooves. The outer groove is better developed than the
‘inner, and the outer platform has a trough-shaped cross—section. The
tongue'comprises'about'one-quarter to one-third of total platform-tongue
length, is clearly deflected inwards and downwards, and bears a few coarse

transverse ridges orally.

Remarks and comparisonss The specimens from Plymouth illustrated by Orchard

(Loc. git.) were small, and were identified as possible juvenile growth
stages of the epsilon morphotype. The examples of Po. 1. subsp. b from
Germany, described and figured by Weddige (1977, p. 317, pl. 5, fig. 84),

were small compared to Po. 1. linguiformis, as he noted. He also observed

| that the basal cavitles were large with respect to the overall size of the
individuals, and suggested that they might be juvenile growth phases. The
specimens from Torquay are of a similar size to those from Plymouth and
German&, but the basal cavitles of the former (not illustrated) are not
large relativeﬁto total platform-tongue size. This indicates that, rather
than beingvjuveniles of other forms, they represent mature growth stages

of a small subspecles.

The available material comprises only incomplete specimens, but the
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fongue,develébmegt is characteristic of thé subspecies, as are the platform
" morphology, the short, coarée ridges of the marginal ornaﬁent, and the
serrated platfdrmvmargins."The outer platform is widest at the inward
flexure to the tongue, ét which point the serrations are best developed.

~ Individuals from the Moore Creek Limestone of New South Wales,
shown by Philip (1966, pl. 1, figs. 12-14), are questionably referred to
Po. 1. subsp. b herein.I.They resemble the taidn in the nature and oinament
of the platform, and in the serraied outline, but differ becéuse the
marginal ridges seem to be rather less coaise than is typical of the
subspecies, and because they include specimeﬁs which are larger than the -
Torquay, Plymouth and German examples. Also, the tongue tends to be 5etter
developed‘in the Ausfralian matérial, coﬁprising relatively more (up to
oneuhalf)”of total platform-tongue length, and the carina extends further
posteriorward, at least to tongue mid-length. In Po. 1. subép. b, the
carina usually terminates.in the anterlor half of the tongue;

Po. 1. subsp. bvreéembles the nominate‘subspecies in the trough-

- shaped outer platform, but although the outer platform margin of the former
is ﬁpturned, it lacks the flange-like development diagnostic bf the latter.
Mature specimens of Po. }: subsp. b are thought to be noticeably smaller.

than equivalent growth stages of Po. 1. linguifdrmis, and also tend to have

a relatively coarser ornament, and a more strongly serrated outline. The
tongue of Po. 1. subsp. b may occupy a little less of total.platfo;m—
tongue length thanim the nominate subspecles. -

The stratigraphically younger Po. 1. mucronatus shares with Po. 1.
subsp; b a serrated outline and upturned platform margins, but
representatives of the former are larger and more robust overall compared
with the latter. Further, the platform margins tend to be more nearly
parallel in Po. 1. mucronatus, the‘postefior outer platform usually showing
a leséer degree of lateral expansibn at the flexure to the tongue than in

Po. 1. subsp. b, and the tongue itself is much narrower and more
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conspicuously constricted. The very small example of Po. 1. subsp. b

illustrated by Orchard (1978, pl. 113, fig. 29: cited as Po. 1. linguiformis,

?epsilon morphotype) approaches Po. 1. mucronatus in its rather narrow and
constricted tongue. However, in contrast with a somewhat larger but

Juvenile representative of the last subspecies also figured by Orchard
(1978,'pl.'113, figs. 6, 7), the former individual has a better developed
tongue anévornament,‘a nider posterior outer nlatform, and a mone distinctly'
serrated outline. These differences are true also with regard to early

* growth stages of Po. 1. mncronatus to hand‘(ezg. Pl. 8, figs. 27, 28).
Weddige (1977, p. 317, text-fig. 4) considered there to be an |

affinity between Po. 1. subsp. b and Po. 1. linguiformis delta morphotype,

| and deplcted the former giving rise to the latter. Compared with Po. 1.
subsp. b, the delta morphotype has a flatter platform, the outer platform
margin foliows a more smoothly rounded curve, and the tongueAis either”
poorly developed or absent. Some specimens of the epsilon morphotype (g.g.
Pl. 8, figs. 10, 11 herein; Ziegler and Klapper in Ziegler et al. 1976,

pl. &, fig. 3) have a serrated outline and a similar tongue development

to Po. 1. subsp. b, and this taxon may be better related to such

representatives of the epsilon form, rather than to the delta morphotype.

Range and occurrencet In the Eifelian Hills of Germany, Po. l. subsp. b

ranges from the base to the upper part of thevensensis Zone, and may extend
sporadically into the Lower varcus Subzone (Weddige 1977, tables 2, 5). The
Plymouth material appears to be of a similar age, and was found at

Cattedown Quarry (sample 0Q10), Gasworks Quarry (sample GQ20), and
Princerock Quarry (sample PS3): all Fauna 6, within the (then)

obliquimarginatus Zone (Orchard 1978, p. 913-914, text-fig. 2, table 1:

specimens designafedlzg. 1. linguiformis, ?epsilon morphotype). The form

was recorded again in Fauna 5 (Princerock Quarry, sample PS02), which
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drcha.rd. thought to be pdssibly a littlve‘élder, and at least in part in the
(then) kockelianus Zone. The individuals from the Moore Greek Iimestone of
Australia, ,quesiionably assigned to Po. 1. subsp. b Herein, were also of (then)
kockeliana Zone _é,ge (Philip 1.966,’ p‘. 152). Both the Australian and the |
oldest of the Plymouth examples therefore appear to be older than Weddige's

German material.

'In Torquay, Po. l. subsp. b occurs at Babbacombe Road ('sample

BR-9) and Redgate Beach (samples RB-4, 10).
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Polygnathus ordinatus BRYANT

Plate 14, figs. 12, 18, 21, 27 (aff.).

: *1921 Polygnathus ordinatus spec. nov. - BRYANT, p. 24, pl. 10, fig. 10 (=
lectotype, designated by HUDDIE 1970, p. 1039; non fig. 11 = Po.

~ pennatus).

BISCHOFF & ZIEGIER, p. 9%, pl. 18, figs.

1957 Polygnathus ordinata BRYANT

1]

25, 26, 27, 31 (non fig. 28 = Po. limitaris; non figs. 29, 30 = ?).

1965 Polygnathus ordinata BRYANT - ZIEGIER (b),p.670,5l. 4, figs. 7, 8, 12, 13.

1967 Polyenathus ordinata BRYANT - WIRTH, p. 231, pl. 21, fig. 27.

*1967 Polygnathus ordinata BRYANT - CLARK & ETHINGTON, p. 63, pl. 7, fig. 13

(non fig. 5 = Po. dubius?)
*1970 Polygnathus ordinatus BRYANT - HUDDIE, p. 1039, pl. 138, figs. 18 - 21.

+1970 Polygnathus ordinata BRYANT - SEDDON (b), p. 60-61, pl. 15, fig. 4.

71971 Polygnathus ordinatus BRYANT - SCHUMACHER (a), pl. 10, figs. 9, 1k.
Diagnosiss See Huddle 1970, p. 1039; Seddon 1970 (b), p. 60.

Remarks and comparisonss Ziegler and Klapper (in Ziegler et al. 1976, p. 122)

thought that Po. ordinatus was closely related to their Po. linitaris. They
considered that»the.twé could be distinguished by platform width, the platform
of the former being relatively narrower than that of the latter, and by the
arrangement of the ornament, which is strOngly nodosé in both taxa. In Po.
limitaris, the nodes arg qften randomly distributed over the oral surface of‘ 
the platform, but there may sometimes be a weak degree of longitudinal
alignment of the nodes closest to the cafina, which produces roughly two,
rather imperslistent rows. In contrast, the nodes of Po. ordinatus are
characterlstically aligned into at least four iongitudinal TOWsS, pafallel to
the carina. Often, the nodes exhibit either partial or complete coalescence

along the length of the platform, especially in the anterior part, and the rows
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bécbme ridge-liké.

Rather robgst anterior platform fragments from Babbagombe Cliff,
illustrated on Plateéih, figs. 12, 18, 21, 27 closely resemble specimens from
the Milwaukee Formation 6f Wisconsin, which Schumacher (1971a, pl. 10, figs.
9, 14) referred to Po. ordinatus. In thelr rather narrow platforms all these
individuals lie closér to thisktaxon than to Po. limitaris, but their ornament,
which is of Stout, rounded nodes, appears to Be somewhat coarser and less well
aligned than is typical of the former. To some extent, the alignment of the
nodes is m;éked by their tendency_to fuse both transversely and obliquely
ard, in fact, four or more iongitudinai rows do appear to be present. However,
the nodes do not coalesce along the length of the platfoim, as a result of
which there is an absence of the longitudinal ridges often seen in Po.
ordinatué.:‘Becauserf the apparent discrepancies between this species and
the Torquay and North American specimens, it is thought that none of the last
two may be unambiguously assigned to the‘taxon.

The material to hand 1s inconsistent with'gg. ordinatus also in
aboral view, in which aspect Schumacher did not illustrate his e#amples. In
the Torquay specimens, the lips of the basal cavity are rather thickened and
broadly flafed, to produce a wide, shailow, subcircular structure. This is
locgted close to the anterior margin of the platform, where it occupies
roughly one-third of platforn width. In comparison, the basal cavity of
representatives of Po. ordinatus in the 1i£erature (gﬂg. Ziegler 1965b, pl. 4,
figs. 7.J12) is situated about halfway between the gnterior end and mid-length
of the plétform, and is much narrower and rather oval in outline. Ziegler
(19650, pl. 2, figs. 26-29) illustrated rather unusual examples of Sch.
pietzneri, which are similar to the individuals to hand with regard to their
thick platforms, coarse,.fused ornament, and large, flat, wide basal cavities.

However, the cavities are asymmetriéal in outline in the former, and are

located relatively further posteriorward than in the latter.
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| Zieglef‘(1965b, pl. 4, figs. 19-21) figured aiso a representative
of Po. cristatus in which the basal cavity is rather large and apbroaches
that of the Torquay material, although the cavity is again developed further
posteriorward than i# the latter. The specimens to hénd, and'réther more
typicai exampies of Po. ordinatus in the literature, resemble the last Species
in the coarse, roundéd nodes of theif ornament. However, the longitudinal
ridges sometimes displaygd'by Po. ordinatus afe not developed in Po. cristatus,
and tﬁé two taxa may be distinguished also by‘their platform outline. All
representatives of the former have a fairly narrow, lanceolate platform,
whereas thé platform of the latter is father wider and more nearly circular

in plan view.

Range and occurrences Po. ordinatus ranges from within the Lower hermanni -

cristatus Subzone, into the Tower asymhetricus Zone (Ziegler in Klapper and

Ziegler 1979, text-fig. 5). The species had previously been shown to éxtend
from the base of the former divisioh, to somewhat higher wiihin the latter .
(ziegler 1971, chart 3).

In Torquay, Po. aff. ordinatus occurs at Babbacombe Cliff

(samples BC-11, 33).

Polygnathus ovatinodosus ZIEGLER & KLAFPPER
Plate 11, figs. 3-6, 8-27, 29-33; 1, 2, 7, 28(2).

71964 Polygnathus decorosa STAUFFER - ORR, p. 14, 16, pl. 1, fig. 4, pl. 3,
fig. 2 (only).
*1968 Polygnathus n. sp. B - POLIOCK, p. 437-438, pl. 62, fig. 34.

?1970 Polygnathus xylus STAUFFER - SEDDON (a), p. 740, pl. 12, figs. 20,21 fnly).

#1976 Polygnathus ovatinodosus n. sp. - ZIEGLER & KIAPPER in ZIEGLER, KLAPFER

& JOHNSON, p. 124-125, pl. 2, figs. 1-9 (figs. 5, 6 = holotype) (see

., synonymy).



1976 Polygnathus webbi STAUFFER - GARCIA - IOPEZ, p. 177, pl. 1, fig. 5.

1977 Polygnathus ovatinodosus ZIEGLER & KIAPPER -~ KIAPPER in ZIEGLER, p. 473~

475, Polygnathus - pl. 7, figs. 1, 4a, 4b (originals of ZIEGLER &

KIAPPER in ZIEGLER, KIAPPER & JOHNSON 1976, pl.2, figs.4,5,6 respectively)

(see synonymy).

‘?1978 Polygnathus decorosus STAUFFER s. 1. - UYENO, P. 15, pl. &, figs. 15-17

 (only).

Diagnosis: See Ziegler and Klappér in Ziegler, Klapper and Johnson 1976,

p. 124,

Description (Torquay material)s In plan view, the platform is a rather
eldngated, more or less symmetricai oval. The greatest width is developed at
platforﬁ mid-length, and the length axls of thé entire unit is weakly incurved.
Anteribrly, a short rostrum is usually fdrmed, behind which the adcarinal
grooves may or may not persist. The oral surface of the platform is covered
by nodes, which may become transversely aligned to produce nédose ridges, at
least in the anterior and middle parts of the platform. An ornament of rather
more distinct ridges is sometimes developed. The nodes of the carina are
larger than those of the fest of the platform, and achieve their greatest

size at platform mid-length, where théy are fused. Posteriorly, the carinal
nodes either remain fused or become slightly separated, and decrease evenly

in slize towards the poihted platform tip, which the carina attains. The fixed
blade rises dnly slowly in height énteriofward to the free blade, the latter
comprising betﬁeen two—fifths and one-half of total unit lehgth. The upper
edge of the free blade is never fully preserved, but the blade denticles
apbear to be fairly even in height in lateral Qiew (although not conspicuously
high), and are either erect or, sométimes; posteriorly inclined. Again in

profile, the platform is often gently arched, and its upper surface rather

flat.
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,Aborally, the basal éavity is féirly small and shallow iﬁ laige
specimens, and is located a littie behind the iostralarea.‘ In smallér examp}es
the cavity is deeﬁer, and ié located cléser to the anterior end of the
platform. A keel atﬁains the posterior platform tip; and is furrowed

anteriorly beneath the free blade.

Remarks and comparisonss Several of the specimens from Torquay, such as those

shown on Plate 11, figs. 3-6, 8-12, compare closely with the type material
1llustrated by Ziegler and Klapper (in Ziegler et al. 1976, pl. 2, figs. 1-9).
The individual on Platé 11, figs. 1, 2, 7 has the flat, oval platform and

nodose ornament characteristic of Po. ovatinodosus, but is only questionably

referred to the speciés because it has no rostrum. In their original diagnosis,
Ziegler and Klapper (op. cit., p. 124) observed that a "remarkably short
rostrum"’is commoﬂly present, but none of their figured examples is without
this feature. | |

- The specimens to hand include rather narrow forms, as figured on
Plate 11; figs.,13—33. Compared both to the other Torquay examples, and to
the type material, the adcarinal grooves of the more slender individuals‘

often extend clearly posteriorward of the rostrum. Ziegler and Klapper

(loc. cit.) indicated that the adcarinal grooves of Po. ovatinodosus were
restricted to the rostral area, but they included in synonymyvspecimens

figured by Kirchgasser (1970, pl. 64, figs. %, 5t cited as Po. decorosus §; 1.),
in whiéh these features are rather well developed behind the rostrum. |
Kirchgassér's individuéls,'from the Longcairow Cove Tuffs and Slates, closely

resemble the rather narrow examples to hand, and therefore it is thought that

the latter lie within the range of intraspecific variation of Po. ovatinodosus.

One slender form;‘on Plate 11, fig. 28, lacks a rostrum, and is assigned to

the species with some doubt.
As described above, the ornament in all the Torquay material exhibits
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several morpholoéies, and varies from discrete nodes and nodose ridges, to
rather more distinct ridges. The‘last variation seems to attain its

strohgest development in the narrower individuals. In comparison, although the
nodose ornamentvof the type specimens shows somé degree of transverse and
obliqug alignment into‘nodose ridges; ridges as pronounced as 'in, for example;

" the individuals on flaté 11, figs. 13-16, 21-23 herein are not developed. With
regard to their ornament, the last Torquay examples approach Po. webbi and Po.
pennétué, but the symmefrical, oval p}atforms both of these specimens, and of

represeﬂtatives of Po. ovatinodosus with a rather broader outline’and/or a more

typical ornament,are readily differentiated from those of the last two species.
The platform of Po. webbl is clearly asymmétrical in plan vieﬁ, the length axis
is more.strongiy incurved, especlally posteriorly, and the greatest platform
width isv}ocatea relatively further posteriorward. The blatform of Po. pennatus
tends to be symmetrical, but it is lanceolate in outline, and has a blunt,
distinctive anterior end. The last feature is produced by the anterior platform
margins fufning abruptly inwards at about ninety degrees, and meeting the

free blade at a similar angle. In Po. ovatinodosus, the anterior platfoxm.

tapers evenly toward the_free blade, which is relatively longer than in either
Po. Eennafus or Po. webbi. Garcia - Lopez'(1976, p. 177, Pl-_i. fig. 5)
referred material from‘northern Spain to the last species. However, her.
illusfrated example is similar to the narrow Torquay representatives of Po.

ovatinodosus, and it is preferred that it be placed in synonymy with the last

taxon.

Further remarks'concerning.fg.'ovatinodoéus are made under Po. dubius.

As discussed thereunder, there is some evidence of gradation between the two
species. This is further indicated in a specimen shown by Uyeno (1978, pl. 4,

figs. 15-171 cited as Po. decorosus s. 1.), questionably included in synonymy

- herein.

Range and occurrences Po. ovatinodosus ranges from the upper part of the
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Middlé varcuslsubzone,‘through to the Lower asymmetricus'Zone, accordiﬁg to
Klapper (in Ziegler 1977, p. 474). Ziegler‘(in Klapper and Ziegler 1979,
text-fig. 5) showed the species attaining only the upper boundary of the

Towermost asymmetricus Zone.

© In Torquay, Po. ovatinodosus occurs at Babbacombe Cliff (samples

BC-1, 2, 5, 8, 9, 1i, 32, 33; Po. ovatinodosus (?) occurs also in BC-9, 11) and

at Barton Quarry (samples BQ-1, 7, 10-13, 18-20, 22, 23, 26-30).

Polzggathus aff. ovatinodosus ZIEGLER & KLAPPER

Plate 5, figs. 10, 15-i7.

Description (Tqrquay material)s The‘specimens are found only as broken
platforms;”none with the free blade intact;> The platform is moderately broad
and roughly ovai in outline, and is widést é little behind its midwlengfh.

The outer platform is slightly wider than the inner. Posteriqrward of the
broadest_part, the platform»tapéfs sﬁoothly towards, sometimes with a slight
constricfion before, the jointed posterior tiﬁ. Anteriorly, the platform margins
are ppturned to produce éhort; fairly deep, smooth adcarinal troughs, and are
cénstricted at a point aBout.two-thirds of total platform length from the
posterior tip. The constriction isistrOnger in the outer platform than in the
inner, the‘latter‘being either less constricted or not at all. The outer
anteiior trough margin is distinctly bowed outwards before the conétriction,

and the margin of the inner anterior groove shows a similar or somewhat lesser
degree of bowing; but neifher trough is as strongly expanded iaterally as is the
posterior platform. The anterior trough margins meet the free blade opposite
each other. The oral suiface of the platform is covered by rounded nodes. These
tend to be smallest aﬁd randomly diétfibuted posteriorly; but becéme a little
larger in the broadest part of.the platforh, where they may be aligned into
nodose ridges, arranged rédially to the carina. The last fgature conprises

fused but rounded (in plan view) nodes, which are largest around platform mid-
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length, and becohe gradually smaller tewerds the posterior tip, which the
carina attains. The nature of the free blade is not known. | |

In lateral view, the platform is gently arched. Aborally, the basal
cavity is small and is located in the area of the anterior plafform

constriction. The keel extends posteriorward to the tip, and is furrowed

anteriorly.

Remarks and comparisons: The‘Torquay specimens resemble Po. ovatinodosus in

thebmore or lese symmetrical, oval-shaped platform, the oral surface
ornamentation, and the shoht anterior troughs. However, they are only
tentatively referred to the specles because of the otherwise atypical
configuration of the anterior platferm where, as described above, there is a
constrictien, before which the anterior trough marglns are bohed outwafde, both

features being best developed in the outer half of the platform. With regard

to the anteriorvdevelopments. the individuals,designated Po. aff. ovatinodosus,
approach representatlves of Po. ansatus. However, the‘platforms are relatively
broader;’more nearly symmetrical, and flaiter in the former, the last difference
resulting from the adcarinal grooves being better developed and deeper
posteriorly in the latter. Also, the blatform is more heavily ornamented hith
nodes ih;the Torquay material than is characteristic of Po. ansatus.

Ziegler and Klapper (in Ziegler et al. 1976, p. 124) described forms
which exhibited a moderate outward bowing of the outer anterior trough margln,

but which were otherwise typical of Po. ovatinodosus. They suggested a

derivation of Po. ovatinodosus from Po. ansatus, and illustrated a epecimen

which they thought to be transitional from the latter species to the former
(Ziegler and Klapper op.cit., pl. 2,fig. 10). The Torquay material may represent
stages within such an evolutionary trend, but it should be noted that Ziegler

and Klapper's'example appears to lie 010se£ to Po. ansatus than do those to hand.

Range and occurrence: Ziegler and Klapper (op. cit., table 13) recorded
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specimens intéimediate between Po. ansatus and Po. ovatinodosus in.sempies'ié
eand 16biat Koppen in the Rhenish Slate Mountains. Ziegler (in Klapﬁei and |
Ziegler 1979, text - fig. 5) showed the occurrence of such transitional forms .
to be in the lowest part of the Upper varcus Subzone, pessibly extending

lower into the highest‘bart of the Middle varcus Subzone. As depicted by him,
the begihning of this fange is ﬁore or less coincident with'the last}
appearance of Po. ansatus, but is a little hiéher than the entry of Po.

ovatinodosus, the last species ranging UPwards from lower within the Middle

varcus Subzone. In Torguay, Po. aff. ovatinodosus occurs at Waldon Hill (Warren

Road, sample WH-3) and Tummaton Quarry (sample LM-17).

The Polygnathus varcus Group

A re&ision of the group was undertaken by Klapper et al. (1970),
who studied both the type material of Stauffer (1§h0),ﬁahd comparative‘specimens
from'Gérmany, North America and Australie. Their concept of ihe group embraced
Stauffer;s Po. jggggg and Po. zylgg, together with two new species, Po.
‘rhenanus and Po. timorensis. Ziegler and Klapper (in Ziegler et al. '19?6 p.125).
subsequenﬁiy thought Po. rhenanus to be a Junior synonym of Po. timorensis,'
because they believed that the former had been based on juvenile growth phases
of the latter. They also established Po. ansatus which, because of its
ksimilarity to Po. timorensis, is included in the Po. gg;ggg group herein.

Members of the group all have an elongated often narrow and more
or less parallel sided platform. The platform margins are either smooth, or
bear subdued nodes, or may become more strongly ornamented. Deep adcarinal
grooves are developed throughout the length of the.platform, and are deepest
anteriorly. The free blade is lchg, representing at least one-half of total
unit length,'and appears.subquadrate in lateral view. |

| The above description is based on that given by Klapper et al. (1970,
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p. 651), who stated that inportant features for specific differentiation within
‘the group were the size of the platfcrm relative to the entirevunit;fthe mcrph—
ology of theianterior platform, the nature of the oralrsurface ornamehtation and,
aborally, the position of the basal caVity; These criteria are‘thought to be
valid’but,'ﬁhen applied, should be considered in relation to the‘groﬁth stagev
of the specimen. In:juvenile’representatives of the Po. varcus group from
Torquay, the free blade iends to be relativelp longer than inimore mature
- individuals, and the basal cavity is located further anteriorﬁard, often at the
free blade_platform juncticn. With growfh, the platform becomes both broader
andklonger, usually with a corresponding reduction inifree blade length, and
v the ornament may hecome better developed.. Ih juvecile and small examples the
platfcrm margins are either smooth or are OnLy weakly nodose. |

.Orchard (1978 p. 950) observed similar ontogenetic trends in his
Plymouth collections. ‘He noted that there was considerable variation in the
development of the anterior trocgh margins even in otherwlse similar specimens,
which is the case also in the material available, and thought that the form of
the anterior platform was hot a‘particularly useful character for specific
differenpiafion within the Po. varcus complex.. The relative positions of the
geniculaticn poinfs have been used’for taxonomic distinction within theﬂgroup
bui, again, these are variable features in both the Torquay and Plynouth
‘individuals, so would also seem to be inappropriate as dlagnostic characters if

applied too rigidly.

Because of the range of morphological variation evident within the
Po. varcus group, and because features important for distinction are not well
developed in jﬁvenile representatives, it is ofﬁen difficult to assign such
specimens to any one taxon. In the faunas from Torquay, some juvenile growth
phases are Just questionably assigned to a species, whilst others are

1dentified only in terms of the wider concept of the group itself (e.g. pl. 5,

figs. 21, 22, 24-29).
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- Polyenathus ansatus ZIEGLER & KIAPPER

Plate 7, figs. 1-16, 19, 21, 23; 17, 18, 20, 22, 24 (7).

*1957 Polygnathus varca STAUFFER - BISCHOFF & ZIEGLER, p. 98-99, pl. 18, fig.
34 (only). ,
.1970 Polygnathus cf. decorosa - MATTHEWS, pl. 1, fig. 10.

1971 Polygnathus varcus STAUFFER - ORR, p. 53-54%, pl. 5, figs. 4-8.

*1976 Polyegnathus ansatis n. sp. - ZIEGLER & KIAFPER in ZIEGLER, KLAPPER &

JOHNSON, p. 119-120, pl. 2, figs. 11-26 (figs. 19, 20 = holotype).

*1977 Polygnathus ansatus ZIEGLER & KIAPPER - KIAPPER in ZIEGIER, D. Wy3-45,

" Polygathus - pl. 7, figs. 6a, 6b, 7a, 7b, 8 (originals of ZIEGIER &
KTAPPER in zimeLER, KIAFPER & JOHNSON 1976, pl. 2, figs. 19, 20, 22, 23, 17
respectively) (see synonymy).

1978 Polygna,thus ansatus ZIEGLER & KLAPFER - ORCHARD, p. 938, pl. 112, figs.
1, 3, 5, 6, 812,716, 19-24, 26, 27, 29-31 33, 34 36-38;% 2, 4, 7.
-1978 Polygnathus timorensis KLAPPER, PHILIP & JACKSON - ORCHARD,

p. 949, pl. 108, figs. 11, 15, 39, 42, 43 (only).

Dieggosi A species of Polygnathus with an elongated, variably asymmetrical
platform, whlch is about twice as long as w1de. The marglns may be smooth,
weakly nodose or bear strong ridges. The outer margin is clearly constricted

at the geniculation point, while the inner margin displays eifher a lesser‘
constriction, or 1s more or less stralght. The anterlor trough margins are
bowed,‘the outer usﬁaliy more stronély than the linner. TheyAmay meet the free
blade et the seme position, and the geniculation points may be opposed, but both
characters are variable. The free blade comprises one-half or more of total

unit length. Aborally, the basal cavity is developed close to, or at, the

anterior end of the platform.

Remarks and comparisonss The diagnosis is modified after Ziegler and Klapper
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(in Ziegler gt 5}: 1976, p. 120) who noted that Po. ansatus and.fg{ timorensis
closely resembled each other in the outward bowing of,the outer anterior trough
margin. The two species were differentiated also by their platform proportions,.
the former having a relatively broader platform (including the anterior |
developments) than the latter. The platform of the holotype of gé. ansatus
(Ziegler and Klapperéggﬂgit., pl. 2, figs. 19, 20) is a little more than twice
as long as broad. The piatforms in the other type specimens may be slightly
wider or narrower than this, but they are never‘as narrow as in gg.'timorensis,
in which the platform is at least three timeé as long as broad. With regard
: to their platform proportions, the'Torquay examples of Po. ansatus all fall
within the range of variation evidentiin the type material, as do other
individuels included in synonymy with the taxon herein.
'v“Adcarinal grooves are always well developed in theispecimens to

hand, and there is conslderable variation in the platform ornament. The
platform margins may be smooth (__g’ Pl, 7, figs. 7, 16) or weakly to more
strongly nodose (e.g. P1. 7, figs. 21, 1 respectively), but the strong ridges
mentioned in the original diagnosis are seen neither in theseiexamples, nor in
those'from Plymouth figured by Orchard (1978). The anterior trough margins
are variable in their development relative to each other in the Torquay forms,
although the oﬁter anterior trough margin is always bowed outwardeimore than
the inner, usually strongly so. They meet the free blade eitner opposite
each other, consistent with the original diagnosis (e.g. Pl. 7, figs. 1,21),
or at slightly different positions (e.g. Pl. 7, figs. &, 7, 13). The
geniculation pointsimay or may not be opposed (compere, for example, Pl. 7, fig.
1 with P1. 7, fig. 4). | |

As Ziegler and Klapper (in Ziegler et al. 1976, p. 120) indicated,
juvenile growth stages of Po. ansatus and Po. timorensis are not easily
distinguished from each other. The‘juveniie specimens on Plete 7, figs; 17,
18, 20, 22, 24 herein are'questionably assigned to the former species on the

basls of their platform proportions. In these particular individuals the
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Basal cavity is iocated‘at the free blede - platform junction, and the free:
blade comprises up to two-thirds of total unit length, ‘whereas the basal
cav1ty is developed a little further posteriorward in more mature forms, and
the free blade occupies about three-fifths of total unit length.

- Range and occurrence Po. ansatus ranges throughout the Middle varcus Subzone,

and may questionably extend into the Upper varcus Subzone (Ziegler in Klabber
and Ziegler_1§79, text;fig. 5). |

In Torquay, Po. ansatus occufs at Babbacombe Cliff (sample BC-22),
Lummaton Quarry (samples IM-11, 15, 16, 18; jﬁvenile specimens.@uestionably

referred to the species occur also in 1M-15), and Madrepore Road (sample MR-1).

Polygnathus timorensis KLAPPER, PHILIP & JACKSON

¢

" Plate 6, figs. 1-23, 3L.

%1970 Polygnathus timorensis n. sp. - KIAPPER, PHILIP & JACKSON, p. 655-656,

ﬁl; 1, figs. 1-3, 7-10 (figs.‘7-10 = holotype) (see synonymy).

1970 Polygnathus rhenanus n. sp. - KIAPPER, PHILIP & JACKSON, p. 654-655,

‘pl. 2 figs. 13-15, 19-22.
1970 Polygnathus varca - MATTHEWS pl. 1 figs. 7-9.

. 1970 Polygnathus varcus STAUFFER - KIRCHGASSER, D. 351-352, pl 66, flgs.v9411.b

1973 Polygnathus timorensis KLAPPER, PHILIP &,JAGKSQN - KIAPPER in ZIEGLER,
p. 3854386, Polygnathus - pl. 2, fig. 3'(or1g1na1 of KIAPPER, PHILIP &
JACKSON 1970, pl. 1, fig. 8) (see Synonymy ) « |

+1975 Polygnathus rhenanus KIAPFER, PHILIP & JACKSON - BULTYNCK, p. 23, pl. 5,

fig. 1.
*1976 Polygnathus timorensis KLAPPER, PHILIP‘&‘JACKSON - ZIEGIER & KILAPPER in

ZIEGIER, KLAPPER & JOHNSON, p. 125, pl. 2, figs. 27-32, pl. 3, fig. 10.
*1978 Polygnathus timorensis KIAPPER, PHILIP & JACKSON - ORCHARD, p. 949,

pl. 108, figs. 12, 16-18, pl. 112, figs. 13-15, 17, 18, 25, 28, 32, 35

(non pl. 108, figs. 11, 15, 39, 42,43 = Po. ansatus).
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*1979 Polygnathus timorensis KLAPPER, PHILIP & JACKSON - IANE, MULIER &

ZIEGLER, p. 220, pl. 2, figs. 1-3, 8, 21.

1980 Polygnathus timorensis KIAPPER, PHILIP & JACKSON - KLAPPER in JOHNSON,

- KLAPPER & TROJAN, pl. 3, fig. 38.

Diagnosis:  An elonéated, slender species of Polygnathus, in which the

blatform is at least three times as long as wide. The outer margin is weakly
to more sfrongly constricted at the geniculation point, and the platform
outline varies from roughly symmetrical to asymmetrical,; depending on the
degree of outward bowing of the outer anterior trough margin in front of the
constriction. The inner platform margin is more or lessvstraight throughout.
Behind the geniculation points, which may or may not be opposed, the platform
margins‘ape smooth or weakly to more strongly nodose. The free blade comprises
up to two-thifds‘of total unit length in juvenile specimens, and at least one-
half in more mature forms. Aborally, the basal cavity is located at the

free blade-platform junction in the former, and a little behind the anterior end

of the platform in the latter.

Remarks and comparisons: The examples from Torquay referred to Po. timorensis,

and those placea in synonymy with the species, all have a platform which is at
least three times as long as wide. This character has been added to the
diagnosls, which is based'on that presented by Klapper et al. (1970, p. 655).

In contrast with Po. timorensis, Po. ansatus has a relatively broader platform,

and tends to have a more sinuous inner margin, whiéh 6ften shows some degree
; of’constriction at the geniculation point. In contrast, the inner margin of
the former taxon is more nearly straigﬁt throughout its leng#h.‘

| The Torquéy material has deep adcafinal grooves, and displays a
similar.variation‘in platform ornament to'fhat observed 1in épecimens assigned
to Po. ansatﬁé. The platform margins may be more or less smooth (g.gf Fl. 6,

fig. 4), btut usually bear weak to stronger nodes. The form of the anterior
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platform is varieble, but generally only the outer anterior treugh margin is
bowed outwards, although rather less strongly than in Po. ansatus, and tends to
meet the free blade in front of the inner anterior trough margin. The
geniculation p01nts may or may not be opposed. The outer margin is constricted
at the geniculation point, and the posterior outer platform may be laterally
expended behind the constriction, but neither feature is as well developed as
~in Po. ansatus. The free blade is fully preserved only in the fairly small
growth stage on Plate 6, figs. 1-3, in which it occupies about two-thirds of
‘total unit length. The basal cavity is rather large and is located et the
anterioi end of the platform in-this‘example,‘but becomes relatively smaller
and is developed a little furfher posteriorward in more mature specimens

(e.g. PL. 6, figs. 18, 19, 21).

Range and occurrence: Po. timorensis ranges from the base of the Lower varcus

Subzone; through into the Lower hermenni - cristatus Subzone (Ziegler in Klapper

and Zlegler 1979, text-fig. 5).

In Torquay, Po. timorensis occurs at Babbacombe Cliff (samples
BC-22, 23), Barton Quarry (sample B3-32 and Mincent Hill, sample MH-1), Castle
Road (sample CR-2), Iummaton Quarry (samples IM-1, 3, 4, 5, 9, 10, 11, 18),
Madrepore Road (sample MR-1), St. James Road (sample SJ-2), and Trumlands

Quarry (T1-2, 3).

Polygnathus varcus STAUFFER

Plate 6, figs. 28; 24-27, 29-30 (?).

#1940 Polygnathus varcus n. sp. - STAUFFER, p. 430, pl. 60, figs. 49, 55,

(fig. 49 = lectotype, designated by BISCHOFF & ZIEGLER 1957, p. 98;

non fig. 53 = Po. sp. indet.).
1957 Polygnathus varca STAUFFER - BISCHOFF & ZIEGLER, p. 98-99, pl. 18, figs.

32, 33, 35, pl. 19, figs. 7-9 (non pl. 18, fig. 34 = Po. ansatus ).
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1970 Polygnathus varcus STAUFFER - KLAPPER, PHILIP & JACKSON, p. 657-658,

pl. 2, figs., 1-3, 23-25 (see synonymj).
non1970 Polygnathus varcus STAUFFER - KIRCHGASSER, p. 351-352, pl. 66, figs.

9-11 (= Po. timorensis).

'non1971 Polygnathus varcus STAUFFER - ORR, p. 53-54, pl. 5, figs. 4-8 (= Po.

anéatus).

-1973.POIanathus varcus STAUFFER - KLAPPER in ZIEGIER, p. 391—392, Polygnathus

pl. 2, fig. 5 (original of KIAPPER, PHILIP & JACKSON 1970, pl. 2,
- fig. 24).

+1975 Polygnathus varcus STAUFFER - BULTYNCK, p. 23-24%, pl. 5, figs. 6, 7.

1978 Polygnathus varcus STAUFFER - ORCHARD, p. 950, pl. 109, fig. 29.

Diagnosis: An éibngated, slim species of Polygnathus in which the anterior
trough margins are more or less similarly developed and the platform ié
symmétrical. The geniculation poinfs may or may not be opposed. The platform
marginsiare often smooth apart from a node at each geniculation polnt, or they
may bear subdued nodes in mature specimens. The free blade comprisés about
two-thiids of total unit 1éngth. The basal cavity is located at the free
blade»plaiform junctiéﬁ in juvenile groﬁth stages, but is developed a little

further posteriorward in larger forms.

Remarks and comparisonst: In contrast with the revised diagnosis of Po. varcus

givenbby Klapper et al. (1970, p. 657), in which tbe prlatform margins were
typically smooth except for one node which might be developed at each of the
opposed geﬁiculation points, the Torquay specimen on Plate 6, fig. 28 exhibits

a subdued marginal ornament, and the inner geniculation point is located
relatively posteriorward of the outer. However, this individﬁal is considerably
larger than representatives of Po. ngggé illustrated by Klapper et g}.(1970,
pl. 2, figs. 1-3, 23-25) and, in view of observations made throughout the Po.

varcus group, it seems reasonable to suggest that the variations are due to



- 249 -.

oﬁtogenetic developments. 'The diagnosis has been amended further, to '
incorporate these features. | ' |

' Comparéd with 29; xylus subspp., Po. varcus has a relatively longer
free blade. The two taxa may be distinguished also by the character of the
anterior trough margins, which are steeper in profile in the férmer, and are
more elongétéd.and tend to appear rather "stretched" in plan view in the
Latter. : : S

Po. varcus has similar platform proportions to Po. timorensis. By

definition, the anterior trough mafgins may be asymmetrical in the latter but,
as 1is noted elsewhere; the development of the‘énterior platform is variable in
'all members of the Po. varcus group, and is piobably not a uséful_criterion for
specific differentiation. Orchard (1978, p. 938) made the point that, in his
Mount Wise-collection, Po. varcus and Po. timorensis may be 'Intraspecific
variants of one nétural species". With reference to this observation, it is
perhaps significant that Po. varcus is a rare component of the Torquay faunas
and is unambiguouslyvidentified in only one sample, which lacks Po. timorensis
(Waldon Hill/Warren Road WH-3: Pl. 6; fig. 6). 1In a second sample which does
contain 22; timorensis, only very small specimens areA(questionably) assigned
to Po. varcus (Lummaton Quarry IM-18: Pl. 6, figs. 24-27, 29, 30). The small
forms may display a-weak asymmetry.of the anterior platform, but this is
uéually less pronounced fhan in juveniles of either Po. timorensis or Po.

ansatus, and they tend to lack the constrictlon at the outer geniculation point

which 1is typically developed in the last two taxa.

Range and occurrence: Po. varcus ranges from within the Lower varcus Subzone,

through to within the Upper varcus Subzone (Ziegler in Klapper and Ziegler

1979, text-fig. 5).

In Torquay, Po. varcus occurs at Waldon Hill (Warren Road, sample

WH-3) Very small specimens questionably referred to the species occur at
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Iummaton Quarry (sample 1M-18).

Polygnathus xylus STAUFFER

Diagnosis: Representatives of Po. xylus have anvelongated;’more or less

| symmetricelkand parallel‘sided ﬁlatform. The margins are either smooth or bear
subdued nodes, and may become‘serrated anteriorly. The adcarinal grooves are
deep, and one or both anterior groove margins declines steeply downwards. The
genlculation points may or may not be opposed. Aborally, the basal cavity is
located close to or at the enterior end of the platform in small growth stages,
and is developed a little further posteriorward in larger forms.; The free |

blade comprises about one-half of total unit length.

Remarks and comparisonss Ziegler and Klapper (in Ziegler et al. 1976, p.‘125)

presented an amended version of the original diagnosis;of Klapper et al.
{1970,. p. 660). This is slightly modified herein to include the variable
positions of the genidulation‘points with respect to each other.

Compared with both Po. ansatus and Po. timorensis, Po. xylus

subspp. has steeper anterior trough margins, and tends to have a weaker
ornament. The free blade may be a little longer in the first two species and
the platform is usﬁally.asymmetrical, especlally anterlorly, whereas the
platform in the laet form is often symmetiical and parallel sided throughout
its length. The platform'ootline and weaker ornament usually distinguish

Po. xylus subspp. also from Po. decorosus. The former taxon is discussed

further under the latter.

large specimens of Fo. peeudofoliatus are readily differentiated
| from Po. xylus subspp. by the outline and oral surface configuration of the
platform. In the former, the platform has an anterior constriction and a
distinct, rather asymmetrical posterior lateral expansion, and the adcarinal

grooves are less deep posteriorly than in the latter. The platform may be rather
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nore parallel sided in juvenile growth phases of Po. pseudofoliatus, which
conSequently display a superficial resemblance to Po. xylus subspp., althoﬁgh
the adcarinal grooves are still relatively shallower posteriorly in the former.

Small forms of Po. pseudofoliatus may be further distinguished from Po. x.

‘ensensis by the absence both of marginal serrations in the antérior platform,
and of a strong down%ard arching of the posterior platform (in profile), both

' feétures being characteristic of the latter téxon. Klapper (in Johnson et al.
1980, p. 103, pl. 4 fig. 4) illustrated and described material from the
‘Antelope Range of central Nevada which had the marginal anterior serrations and
cleérly downarched posterior platform characteristic of Po. 5; ensensis,
together with the distinct, asymmetrical expanéion of the posterior platform

typical of Po. pseudofoliatus. He thought that the specimens were transitional

between the two forms, and proposed that individuals which Weddige (1977, pl. 4,
figs. 62, 63, 65) had referred to Po. 5. ensensis night take a similar
intermediate positicn. The posterior.platform is especially broad in the last
of Weddige's examples, and suggests a tendehcy towards Po. eiflius. The
material figured by both Klapper and Weddige is placed in synonymy with Po. Xx.

ensensis herein.

Polygnathus xylus ensensis ZIEGLER & KLAPPER

Plate 4, figs. 18, 19; Plate 5, figs.8, 9; 1-6 (aff.).

*1970 Polygnathus xyla STAUFFER - SEDDON (b), p. 62-63, pl. 6, figs. 10-12.

#1976 Polygnathus xylus ensensis n. subsp. - ZIEGLER & KLAPPER in ZIEGLER,

KLAPPER & JOHNSON, p. 125-127, pl. 3, figs. 4-9 (figs. 4, 5 = holotype)

- (see synonymy). | _
*1977 Polygnathus xylus ensensis ZIEGLER & KLAPPER - WEDDIGE, p. 321-322,

pl. 4, figs. 62-65.
+1978 Polygnathus xylus ensensis ZIEGLER & KLAPPER - ORCHARD, p. 951, pl. 108,

figs. 2, 21, 25.
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*1978 Polygnathus xylus STAUFFER - UYENO, p. 17-18, figs. 1-3 (only).

*1979 Polygnathus xylus xylus STAUFFER - SAVAGE & AMUNDSON, pl. 1, figs. 12-18.

*1980 Polygnathus xylus ensensis ZIEGLER & KLAPPER - KLAPPER in JOHNSON,

KLAPPER & TROJAN, p. 103, pl. 4, fig. 4 (cited as Po. pseudofoliatus

transitional to Po. x. ensensis).

1

Diagnosist See Ziegler and Klapper in/Ziegler; Klapper and Johnson 1976, p. 126.

Remarks and comparisonss In all the material from Torquay referred to the

subspecies, the inner margin of the anterior-platform bears two to three
serrations behind the geniculation point, while the corresponding part of the -
outer margin‘bears either one serration,vor is smooth. In profile, the outer
anterior trough margin declines less steeply downwards than the inner, and is
also roﬁhor more curved (concave upwards). Ziegler and Klapper'(}gg. Eii')
Indicated that these particular features were all characteristic of
"phyletioally late forms" of gg.Az. ensensis. In contrast, they noted that‘
three to five marginal serrations were typlcally developed on both sides of the
anterior platform in earlyvforms, and that both anterior trough margins
declined'straight down. Their example from the exposed fop of the Ense Kalk
at’ Blauer Bruch (Ziegler and Klapfer‘ggtgii., pl. 3, figs. 6. ?)‘is of the
"late" type, and is of mid-ensensis' Zone age according to correlations made by
Weddige (1977, table 4). .The last author also illustrated an individual with
"late" anterior platform‘éorrations, whioh is from the Lahr horizon in the Ahlech
Formation, and 1s again of mid-ensensis Zone age (Weddige 1977, table 5, pl. &,
fig. 64). .
The individuals shown on Plate 5, figs. 1-6, designated Po. aff; i'
ensonsis, conform with the material described above in their anterior platform
serrations, but’exhibit a moderately strong constriction at the outer

geniculation point, before which the outer anterior trough margin is clearly

bowed outwards, and behind which the outer posterior platform is laterally



‘expanded.' In these réspects'the s?ecimens approach Po. timorenéis and,
especially, Po. ansatus, although the inner anteiior trough margin is rathér
less well developed than in either of the laét species. Ziegler and Klapper
(op. cit., p. 125, table 7) suggested a derivation of Po. timorensis from

22. X. ensensis, because they observed materialiapparently intermediate between
the two forms in Bickén II, sample 10. In ihese examples the platform was
rather mére elongated';han was typlcal of the latter taxon, while the outer
anterior trough margiﬂ did not yet display the outward bowing characteristic
of the former. Weddige (1977, p. 321) reported variants of Po. xX. ensensis
with a bowed outer anterior trough margin from thé Oderhiuser Kalk, which may
represent a ?latéf stage in such én evolutionéry process. The avallable
examples indicate that there may be a possible evolutionary connection betweén

29. X ensensis and Po. ansatus.

Range and occurrences Po. X. ensensls ranges from the base of the ensensis

Zone, through to the top of the Middle varcus Subzone (Weddige 1977, table 2;
| Ziegier in Klapper and Ziegler 1979, text-fig. 5).

In Torguay, Po. X. ensensis occurs at Castle Road (sample CR-1), Long
Quarry Point (sample 1G-6), Redgate Beach (samples RB-5, 12, 13, 14) and St. James

Road (sample SJ-2). Po. aff. x. ensensis occurs at Waldon Hill (sample WH-1). -

Polygnathus xylus xylus STAUFFER

Plate 4, figs. 25-27 (aff.); Plate 5, figs. 7,

11, 12; 19, 20 (aff.); Plate 12, figs. 28-33.

#1940 Polygnathus xylus n. sp. - STAUFFER, p. 430-431, pl. 60, figs. 54, 66,

72-74 (fig. 72 = lectotype, designated by WITTEKINDT 1965, p. 642; non

figs. 42, 50, 65, 67, 69, 78, 79 = Po. sp. indet.).
‘-1964 Polygnathus decorosa STAUFFER - ORR, p. 14, 16, pl. 1, fig. 3 (only).
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© *1970 Polygnathus xyla STAUFFER - BULTYNCK, p. 131, pl. 15, figs. 2, 8 (non

fig. 5 = Po. pseudofoliatus) (see synonymy) .

*1970 Polygnathus xylus STAUFFER - SEDDON (a), p. 740, pl. 13, figs. 3-5,

11-13 (non pl. 12, figs; 20, 21 = Po. ovatinodosus?)

1974 Polygnathus xylus STAUFFER - UYENO, pP. %0-41, pl. 4, figs. 6, 8.

1975 Polygnathus 'xylus STAUFFER - BULTYNCK, p. 24, pl. 5, fig. 5.

1976 Polygnathus xylus xylus STAUFFER - ZIEGLER & KLAPPER in ZIEGLER,

KLAPPER & JOHNSON p. 125, pl. 3, fig. 1 (see synonymy)

1978 Polyenathus xylus STAUFFER - ORCHARD, p. 951, pl., 108, figs. 9, 13.

*1978 Polygnathus x;}lus STAUFFER - UYENO, p. 17-18, pl. llr;ﬁ.gs. 9-14 (only:

non figs. 1-3 = Po. x. ensensis).

nonl979 Polygnathus xylus xylus STAUFFER - SAVAGE & AMUNDSON, pl. 1, figs.

12-18 (= Po. x. ensensis).
Diagnosiss See Ziegler and Klapper in Ziegler, Klapper and Johnson 1976, p. 125.

Remarks and comparisonss The anterior platform of Po. x. xylus lacks the

distinct marginal serrations characteristic of Po. x. ensensis, and the
posterior platform is arched downwards less strongly (in profile) than in the
latter. The two taxa may be distinguished in lateral view also by the nature
of the anterior trough margins. In the nominate subspecies, both anterior - |
trough margins decline Steeply dqwnwards in a concave upwards curve. In Po. X.
| ensensls, the inner anterior trough margin is again steep but declines straight
down, while'the outer margin is similarly configuréd in phyletically early
forms, but is curved (concave upwards) and, sometimes, rather less steep in
later variants.

The Torquay specimens referred to the nominate subspecies qll have ™
the narrow, elongated and parallel sided platform typical of the form. Adcarinal

grooves are well developed throughout the platform, and their anterior margins

are steep in profile. The platform margins may be more or less smooth (g.g.
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Pl. 5, fig. 12), bear subdued nodes only posteriorly (e.g. Pi. 5, fig. 7),

or be weakly nodose fhroughout their length (e.g. Pl. 12, fig. 30). The
éeniculation points are moré orvless opposed, and one weak serration may be
developed immediately to the anterior of thé outer genicuiation point, as in
the last-mentioned éxample. The basal cavity tends to be fairly large, and

is developed close to, or at, the anterior end of the platform. '

| Two Juvenlle growth stages illustrated on Plate 4, flgs. 25-27 and
Plate 5, figs. 19, 20 are tentatively assigned to Po. x. xylus because of their

more or less parallel sided platforms. The first specimen approaches Po.

pseudofoliatus because the adcarinal grooves are rather shalléw posteriorly,
but both ihdividuals lack the constricted anterior platform typical‘of this
species. Instead, the anterior margins of the adcarinal groo?es appear

‘somewhatuflared in plan view in both specimens, especially in the outer half

of the platform.

Range and occurrencet Po. X. xylus ranges from within the Lower varcus Subzone,

through to within the lower part of the Lower asymmetricus Zone (Ziegler in

Klapper and Ziegler 1979, text-fig. 5).

.. In Tdfquay, Po. x. xylus occurs at Babbacombe Cliff (samples BC-5,
32), Barton Quarry (samples BQ-13, 15, 22, 23, 28, 29), Lummaton.Quarry
(sample IM-15), Madrepore Road (sample HR—i),.St. James Road (sample SJ-2),
Trumlands Quarry (sample TL-3) and Waldon Hill (Warren Road, sample WH-3).
Po. aff. x. xylus occurs at Long Quarry Point (sample 1G-6) and St. James

Road (sample SJ-2).
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_ Polygnathus webbi STAUFFER

Plate 13, figs. 8, 14; 1-4 (aff.).

*1938 Polygnathus webbi n. sp. - STAUFFER, p. 439, pl.53, figs. 25, 26, 28, 29

(ﬁ@.%,w=1mem,%ﬂ@%ﬁlﬁﬂwmmml%ﬁp,&ﬂ.

1965 Polygnathus webbl STAUFFER - WITTEKINDT, p. 641, pl. 3, figs. 15(2), 17.

f196? Polygnathus webbi STAUFFER - CLARK & ETHINGTON, p. 64, pl. 7, fig. 11.

;1967 Polygnathus normalis MILIER & YOUNGQUIST - WOLSKA, p. 415, pl. 14,

figs » 9"11 .
*1967 Polygnathus normalis MILLER & YOUNGQUIST - WIRTH, p. 230, pl. 22,

figs. 8, 9.

*1967 Polygnathus normalis ssp. - WIRTH, p. 230, pl. 22, figs. 5-7.

1968 Polygnathus webbi STAUFFER - MOUND, p. 511-512, pl. 70, figs. 6-8.

*1968 Polygnathus normalis MILIER & YOUNGQUIST - MOUND, p. 509-510, pl. 70,

figs. 1, 2, 5 (non pl. 69, figs. 30, 31 = Sch. peracutus).

1971 Polygnathus "webbi" STAUFFER - ORR, p. 54-55, pl. &, figs. 9, 10.

1971 Polygnathus webbli STAUFFER - SCHUMACHER (a), pl. 10, figs. 7, 8 (only).

+1973 Polyenathus webbl STAUFFER - KIAPPER in ZIEGLER, D. 393-3%, Polygnathus
pl. 2, fig. 7 (original of KLAPPER 1971, pl. 1, fig. 25) (see synonymy).

1974 Polygnathus webbi STAUFFER - UYENO, p. 40, pl. 5, fig. 7.

" nonl976 Polygnathus webbi STAUFFER - GARCIA - IOPEZ, p. 177, pl. 1, fig. 5

(= Po. ovatinodosus).

41980 Polygnathus webbi STAUFFER - KIAPPER in KIAPPER & JOHNSON, pl. 4, fig. 9.

Diagnosiss See Stauffer 1938, p-c-439-

Remarks and comparisonss Klapper (1971, p. 66) proposed that Po. normalis

should be considered synonymous with Po. webbi. He thought that the two

represented, respectively, the right-curved and left-curved elements of a pair

_ which correspbnded to Class IIIb symmetry as envisaged by Lane (1968, p. 1260).
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The spécimen'from Torquay illustrated on Plate 13, figs.,8,:14
resembles an indi?idual from thevFirebag Member of the Waterways Formation
figured byvaeno‘(19?4,-pl. 5, fig. 7). In both examples the platform is
- characteristically asymmetrical and clearly incﬁrved, especially posteriorly.
' The outer platform is wider than the inner, the greatest width.being developed

a'littlé behind pla%form mid»length. Deep adcérinal‘groovesvare present and
are deepest antériorly, where the platform margins are most étrongly upturhed '
and the outer piatform margin is higher than the.inner. Theré is a slight
degree of constriction of the anterior platform, but the rostrum of Po. webbi
is never as pronounced as that of, for example, Po. dubius. The ornament of
the two specimens is typical of Po. webbi, and consisis of nuﬁerous, close-
spaced bﬁt distinct ridges. These are restricted to the platform margins

and are arranged at right angles to the cérina anteriorly; but become more
inclined to it posteriorly. 1In Uyeno's Canadian exampie the ornament is
developed throﬁghout the iength of the platform, whereas in the Torquay
individual the anterior margins are rather smooth. In this respect, the
latter forﬁlappioaches Po. alatus HUDDLE, although the nature of the ornament
in the middle and posterior parts of the platform is consistént with that of
Po. webbi. Po. alatus differs from thelést specles in‘having a smooth
anterior platform, and a lesser degree of ornamentation posteriorly. Klapper
(in Johnson et al. 1980, p. 101) suggested that Po. alatus was probably

ancestral to Po. webbl. The Torquay example appears to be transitional between

the two taxa.

The two SPecimens shown on Plate 13, figs. 1-4 are designated Po. aff.
webbi., They have the platform outline of the species, and a more or less
similar arrangement of the ornament with respect to the carina, but differ in
that the ridges theﬁselves are fewer, relatively more robust and less close
spaced. Because of the c0nfiguration-of their ornament, and because the
platform margins tend to be slightly serrated, these individuals show

tendencies toward Po. sp. A as described by Uyeno (1974, p. 41, pl. 4, figs.



9, 10), which form was distingﬁished from Po. webbi also by 1ts symmetrical
platform and shorter free blade. The free blade is not fully Preserved in
the TorQuay material and, as noted above,‘tﬁe platform outline is consistent
with Po. webbi. |

In its somewhat robust appearance, the ornament of the lastm
mentloned of the Torquay examples approaches that of Po. Eennatus HINDE, which
is characterised by an ornament of rather sharp, clearly separated strong
rldges. However, in comparison both with these, and with rather more typical
examples of Po. webbi, the ornament of gg. pennatus is arranged normally to
the carina throughout the iength of the platform} The latter species may be
forther differentiated from all rebresentatives of the former.by its more
or less symmetrical and less incorved platform,>which is lanceolate in
outline, and is distinctly olunt in appearahce at the anferior end. Aborally,
the basal cavity-of Po. pennatus is located in the anterior half of .the platfornm,
and tends to have an elongated and slif-like'configuration. In contrast,
the basal cavity of Po. webbi, and also of Po. aff. webbi, is situated a little
further anteriorﬁard, and is rather more clearly rounded, or sometimes oval,

in outline.

, Further comparisonS’concerning<29. Wwebbl are presented under Po.

ovatinodosus.

Range and occurrences . Eg.'webbi is a long ranging species, and spans an

interval from the Lower asymmetricus Zone to the velifer Zone (Klapper in
Ziegler 1973, p. 39%4). The form may extend below the lower limit of this
Uyeno (1974, table 1) recorded Po. webbl in the Firebag Member of the

range.

Waterways Formatlon in the Sp. insitus fauna, below the Lower asymmetricus Zone.

In Torquay, Po. webbi occurs at Babbacombe Cliff (samples BC-11, 33).

Po. aff. webbl occurs at Barton Quarry (samples BQ-14, 24).
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Form genus Schmidtognathus ZTEGLER

Type speciess Schmidtognathus hermanni ZIEGLER 19650b.

Remarks:s The schﬁidtognathids have a short age range, beilng restricted to
within the early'Upper Devonian, and are characterised by the morphology of

the basal cavity. ' This featﬁre'is moderate to large ih_size, and is weakly to |
conspicuously asymmetrical in outline. The rims of the cavity are usuélly
thickened, and stand above the aboral surface of the platform. The basal

cavity is largest and most strongly asymmetrical in Sch. hermanni and Sch.

pietzneri, and tends to be relatively smaller and less asymmetrical in most

- of the other spécies. However, the baSallcavity is always sufficiently ﬁeil
developed with respect to both size and asymmetry for memberé of fhe group to
be distinguished from the more slender of ihe polyénathids, vwhich they chérwise
resemEléAin their eiongated, often lanceolaté or triangular platforms.

A large asymmetrical basal cavity is developed in other taxa, such

as the broad-platformed Po. asymmetricus subsp. A sensu ORCHARD, and the
genus Xlapperina. These fomms are discussed under Sch. aff. hermanni. The

younger genus Pseudopolygnathus also has a large basal cavity, because of which

Ziegler (1965b, p. 662, 665) considered there to be a close relationship

between this taxon and Schmidtognathus.

The configuration of the aboral surface is an important criterion
for taxonomic separafion within the schmidtégnathids, essentially with regard
to ﬁhe size, ouwtline and position of the basal cavity. The following
characters are also uséd, although usually to a lesser degree: the
configuration of the platform, in both plan and lateral view; the nature of
the oral surface‘ornameht and carina; the form and extent of devélopment of
the adcafinal grooves; the character and relative length of the free blade.

With regard to the evolutionafy position.of the genus, Ziegler

(1965b) considered the ancestry of Schmidtognathus to lie within his Po.
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decorosus s. 1. He illustrated specimens‘from Bicken and Giebringhausen in

the Rhenish Slate Mountains, which he assigned to Sch. hermanni, but described

as being transitional from'zg. decorosus s. l..to this species (Ziegler 1965b,
p. 665, pl. 3, figs. 5-8). However, Ziegler and Klapper (in Ziegler et. al.
1976, p. 120) subsequently referred these individuals,which they thought to

be from the Upper varcus Subzone, .to 22{ latifossatus. They preferred a

derivation of Sch. hemanni from the last sbeéies. and recognised specimens
which they considered‘tobbe intermediate{between the two (Ziegler and Klapper
op. cit., p. 120, pl. 3, figs. 19, 25,ﬂ26). These examples were from part of
the Tully Limestone in New York, and ﬁere agaln of Upper varcus Subzone age.
According to the authors, they had a platform which was better developed |

than in Po. latifossatus, although not as extensively so anteriorly - as in

Sch. hermanni. 1In furtherAcompariSOn with the former, their ornament was

more sthngly nodose and the basal cavity was more centrally positioned, but

the last feature was considerably smaller and less asymmetrical than in the

latter.
Schmidtognathus has been incorporated in a multielemental apparatus

only by Ziegler (1972, p. 9%). He suggested that the genus possessed, in
fact, a mono-elemental apparatus, which was composed'of an unknown number of

paired schmidtognathids, and was devoid of ramiform elements.

Schmidtognathus? gracilis KLAPPER

Plate 14, figs. 20, 23-26, 28 (a:f.).

%1980 Schmidtognathus? gracilis n. sp. - KLAPPER»in JOHNSON, KLAPPER & TROJAN,

p. 103-104, pl. 3,‘figs. 11,‘12. 17-20 (figs. 19, 20 = holotype) (see

synonymy)

Diagnosiss See Klapper in Johnson, Klapper and Trojan 1980, p. 103.
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Remarks and éomparisonsz- This is a slender species, in which the free blade
occupies betwéen one-third and two~fifths of total unit length. The plafform
margins are typically parallel throughout most of their length, and are
either partiy or completely nodose, or may bear short transverse ridges. The
ornament_is separated from thé qarina’by narrow btut well developed adcarinal
grooves. In (approximately) the anterior two-thirds of the platform, the
fixed blade-carina and platform margins are developed at the same height, as
a result of which the ubper surface of this part of thé platform appears
characteristically flat and horizontal in lateral view. The platform is
VArched downwards towards_the posterior extrenmity, an& the upper surface curves
‘downwards posferiorly, roughly concentric with the lower border. Again in
profile, the poétgrior tip of the unit appears rather blunt.

~ As Klapper (loc. cit.) described, the abéral surface of the platform
exhibifé,; range of morphoiogical expression. At one extreme, the basal
cavity is rather flat, and 1s develofed throughogt much of the length of the
platform. A clear depression is present anteriorly, and extends as a narrow
groové postériorly, in which direction the basal cavity gradually narrows
(e.g. Klapper op.cit.,pl. 3, fig. 19). At the other extreme of variation, the
basal cavity is inverted, and surrounds a fairly small, elongated pit
anteriorly. The pit may be constricted ét its mid-length (3.5. Klapper op.cit.,
pl. 3, fig. 18). Klapper noted that individuals with the second type of
aboral configuration possessed a distinct crimp, an@ observed forms
intermediate betwgen the two variants, in which the basal cavity was only

partially inverted posteriorly.
Two specimens from Torquay, illustrated on Plate 14, figs. 20, 25,

26 and figs. 23, 24, 28 approach Sch.? gracilis, but exhibit discrepanciés

both towards‘each other, and towards the species. The first individual is
consistent with the taxon in its slender, more or less mrallel sided plaﬁform,
and in its oral surface ornamentation. Each margin bears a single row of nodes,

. separated from the carina by thin, distinct adcarinal grooves. The nodose
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ornament is restricted to the platform borders also in the second example, but

compared with the first specimen and with the type material of Sch.? gracilis,

the platform itself is a little broader, and is rather more biconvex in
outline. In lateral aspect, the platform appears fairly deep in both of the
available individuais, because of the upturned margins,_and thé upper surface
of the anﬁerior‘platform is characteristically flat and level, sloping
downwards posteriorly,;concent:ic with the lower border of the downarched
posterior platform. In the first specimen, the oral surfacé is flat for about
oné—half of the estimated total platform length, which is rather less than in

typical representatives of Sch.? gracilis. In the second example, the anterior

‘ two«thirds of the upper surface of the platforméreflat, but the posterior
tip is rather less blﬁnt than is usual. The posterior extremity of the
platform is broken in the former individual. The free Blade rises at least
moderately steeﬁly before the‘platform in both forms, and occupies about two-
fifths of total unit length.

The aboral features»are best preserved in the: first of the Torquay
specimens, in which the basal cavity is inverted throughout the length of the
platform, and surrounds a depression anteriorly. The depression has the form
of a moderétely large, ;ubcircular and asymmetrical expansion, the asymmetry
resﬁlting from the oute:.border being rather more strongly curved outwards
than the inner, and at the same time being directed slightly backwards. The’
lower surface is somewhat abraded in the second>examp1e and, while the basal

-cavity has a similar anterior expansion to that of the first individual, it

does not appear to be inverted. Instead, a rather blunted keel extends behind

the basal cavity to the posterior platform tip.
With respect to the aboral configuration, the Torquay material is

closest to the second extreme of development evident in the type specimens
(described above), but the anterior depression is better developed, relatively
larger, less elongated and more nearly circular in outline in the former,

compared with the narrow pit of the latter. Because of the varlous
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discrepancies'between the examples to hand and Sch.? gracilis, they are only

tentatively assigned to the species.

Characteristic representatives of Sch.? gracilis are easily

distinguished from other members of the genus by their parallel platform margins,
the flat nafure of the upper surface of the anterior piatform in profile, and
their aboral morphoiogy. Klapper (92.213., p. 104) observed that specimens
which-displayed the fir§t extreme of abbral development resembled some forms

of Po. latifossatus. However, as he remarked, all examples of the two species

may be readily differentiated from each other by the charactér of the anterior
platform in lateral view. The fixed blade-carina is usually distinctly higher

than the platform margins in Po. latifossatus, which contrasts with the

typically horizontal ﬁrofile of Sch.? gracilis. XKlapper (loc. EEE') further
made the point that the last form could logically be referred to the genus

Schmidtognathus only if Po. latifossatus were also included. With regard to

this observatidn, ihé Torquay specimens designated Sch.? aff. gracilis clearly
belong to the genus, in view of the size and asymmetry of the anterior

expansion of the basal cavity.

Range and occurrences In the Antelope Range of Central Nevada, Klapper (_2. cit.,

tables 16, 19) recorded Sch.? gracilis from samples TAV-1320, 1340 and TAVI-160,
which he referred to the Lower dengleri Subzone [equivalent to the lower half
of the Lowermost asymmetricus Zone (Klapper and Johnson 1980, teXt-fig 1)7.

In Torquay, material designated Sch.? aff. gracilis occurs at Barton

Quarry (samples m-9, 30).

Schmidtognathus hermanni ZIEGLER

v*1965 Schmidtognathus hermanni n. sp. - ZIEGLER (v), p. 664-665, pl. 3,

figs. 9-26 (figs.‘23326 = holotype; non figs. 5-8 = Po. latifossatus

WIRTH).
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nonl970 Schmidtognathus hermanni ZIEGLER - KIRCHGASSER, p. 352, pl. 66, fig. 1.

+1973 Schmidtognathus -hermanni ZIEELER - ZIEGLER, p. 425-426, Schmidtognathus -

- pl. 1, figs.3a-3d (originals of ZIEGLER 1965 (b), pl. 3, figs. 23-26

respectively)
+1975 Schmidtognathus hermanni ZIEGLER - BULTYNCK, p. 24, pl. 2, fig. L.

1976 Schmidtognafhus hermanni ZIEGLER - ZIEGLER & KLAPPER in ZIEGLER,

KLAPPER & JOHNSON pl. 3, figs. 34, 35.
*1980 Schmidtognathus hermanni ZIEGLER - KLAPPER in JOHNSON, KLAPPER &

TROJAN, pl. 3, figs. 27, 28.

Diagnosis: See Ziegler 1965b, p. 664; 1973, p. 425 (translation of original

German).

Remarks and comparisonss See under Sch. aff. hermanni.

Range and occurrence: Sch. hermanni ranges from the base of the Lower hermanni-

‘cristatus Subzone, into the Lowermost asymmetricus Zone (Ziegler‘19?1, chart

3; 1973, p. 425; in Klapper and Ziegler 1979, text-fig. 5).

Schmidtognathus aff. hermanni ZIEGLER

Plate 15, figs. 1-3, 6, 7, 9, 11-14, 18, 19.

Descrigtion (Torquay material)s The specimens comprise complete and incomplete
platforms, none with the free blade intact.  The platform is moderately large,

and 1is approximately twice as long as wide. The‘outer and inner halves of the
platforﬁ curve outwards and are more or less similarly developed, although the
former eihibits a slightly stronger degree of curvature, and is a little
wider, than the latter. The platform 1s broadest behind its mid-length,
tapering posteriorly to the usually pointed tip. Anteriorly, the inner

margin meets the free blade slightly behind the outer, and the anteriqr
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platform is weakly to more strongly cons}ricted for up’to one-third of total
platform length, where the platform margins are‘upturned,’and somewhat stretched
downwards (in profik). As a result, relatively déep, émooth adcarinal grooves
are developed, whiéh continue posteriorward, where they'may 5ecome sporadicaliy‘
nodose. The oral surface ornament is otherwise largely restricted to the |
platform margins, and is of fairly fine nodes or granules. vThese are either
discrete, or may coalesce into short, rather weak nodose ridges, which a:e
arranged either normal or rather obliquely to the margins, and are clearest
~around platform mid-length. The carina comprises about seven.or elght nodes,
which are ai least partly fused and elongated, but are stili fairly rounded in
outline. The nodes are largest and equisizéd at platform mid-length where

the carina is as high as the slightly thickened and upturned platform margins.
The éarinal nodes become smaller and lower posteriorly, and the carina diés

out in5£ﬁé last quarter of the platform, a little befoie the posterior tip.

The posteriommost part of fhe carina may be deflgcted inwards. The platform
borders either remain somewhat upturned to the posterior tip and the platfomrm
appeafs gently bowed in cross-section, as in the examples on Plate 15, figs.

1, 2, 6, 9, 11, 12, or the final one-quarter of the platform ﬁay be more or
~less flat, as in the specimen on Plate 15, figs. 13, 14.

In plan view, the length axis is fairly straight, becoming distinctly
curved in large specimens. In lateral view the platform is bent downwar@s |
posferiorly, but is otherwise fairly flat. The fixed blade rises evenly in
helght from the carina to the free blade, the character of which is not known.

- Aborally, the basal cavity 1s large and distinctly asymmetrical in
outline, and has slightly'thickened rims which clearly stand above the
platform surface. In the anterior part of the cavity the outer margin
displays a strong lateral expansion, which is bluntly rounded to rather more
angular in outline, and is accompanied by a distinct infolding of the outer

margin in the posterior part of the cavity. The inner margin is more or less
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arcuate. The baéalvcavity is developed around plétform mid-length, such that
the greatest width ls located a 1little before this point.  Anteriorly, the
cavity fairly abruptly becomes a furrowed keel, tut tapers more slowly
posteriorward, to a point between one-quarter and two-fifths of total platform
length from the posterior extremlty. From this pasition a keel extends to the )

tip, and may be thinly grooved in its antexior part.

Remarks and comparisons: Thé material from Torquay approaches Sch. hermanni

with regard to the overall plétform development, but differs from the species
in several respecfs. As desoribed above, tho~p1atforms of_ﬁhé available
examples are roughly twice as long as broad, and are widest a little behind
their mid-length. In contrast, the platforms of the type specimens (Ziegler
19650, pl 3, figs. 9-26) may be nearly three times as long as wide, and their
maximum breadth is developed more or less at mid-length. The former resemble
the latter in their ornamentation, although the slightly more coarsely nodose
ornament of the holotype (Ziegler 1965b, pl. 3, figs. 23-26) is not evident,

but are atypical of Sch. hermanni in that the carina does not attain the

posterior tip of the platform. Also, the platform margins appear to be more
upturned‘gnd slightly thicker than is usual in the species, and the platform
itself rather more transversely bowéd, especially with regard to those forms
from Torquay in which the bowing extends into the posterior qﬁarter of the
platform.i- ,

Aborally, most of the Torquay matefial 1s consistent with §g§.
hermanni in that the large, stiongly asymmetrical basal cavity 1s developed
with its greatest width a little forward of platform mid-length, and narrows
posterioily to a point about two-fifths of total platform length from the
posterlor tip of tﬁe unit. The basal cavity of the indivlidual on Plate 15,
figs. 1, 2, 6 is extremely large and, while 1ts maximum breadth is still

situated a little anteriorward of platform midflength, the cavity extends
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posteriorlyialmost into the final quartér of the platform. With :egard to the
éonfiguration of the basal cavity, all the specimens to hand conform with thev‘
taxon in that‘the_outer half of the cavity exhibits a strong sideways expansion
towards, but hot at, its anterior extremity, behind which the margin is élearly
infolded. However, the outer anterior lateral expansion tends to be rather
more'rounded and blunter in outline compared with most répresentatives of Sch.
hermanni in the literature, in whichthe equivalent expansion is falrly angular
and pointed. 'Hoﬁever; it is interesting to note that Bultynck (1975, p1. 2,
fig. 4) illustrated a juvénile example in which the outer anterior lateral
expansibn is blunt and'rounded, and is similar tdlthat of the larger growth

stagevdn Plate 15, figs. 13, 14 herein.

Because of the various discrepancies between the Torquay specimens

and Sch. hermanni, they are only tentatively assigned to the spécies. In
contrasfyéith the,fest of the‘material, the specimen on Plate 15,'figs. 3, 7
is unusual in several respects. Aborally, the bésal cavity_is similar in
outline to that of the other examples, but it‘isvsmaller relative to the
overali size of the platform, and seems to be located slightly further
anteriorward. Also, the posterior keel does not attain the platform tip.
The platf?rm itself is rather broad, flat and somewhat irregular in outline,
and thé low, weak, nodose ridges.of the ornament more neaily cover the entire
oral surface. These features may all be gerbntic developments, because this
particular individual is larger than the others avallable. |
As mentioned in the introductory reﬁarks to the schmidtdgnathids,
a large asymmetrical basal cavity is present in the broad platformed

Po. asymmetricus subsp. A sensu ORCHARD, and in the genus Klapperina. With

regard to the overall appearance of the unit, these taxa may be distinguished

from Sch. herménni by their shorter free blade, and from both the last species
and Torquay material designated Sch. aff. hermanni (in which the length of the
free blade is not known) by thelr wider, rather more subcircular but less

symmetrical platform, the outline of which more directly reflects the shape
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of the basal cavity. The basal cavity itself differs from that of both typical '

and atypical forms of Sch. hermanni in that the wide outer lateral expansion

is located relatlvely closer towards, or at, the anterior end of the structure.
Also, an infolding of the posterlor outer margin tends to be rather less
strongly developed in Po. a. subsp. A and in the klapperinids, and the overall
outline of the cavity is either friangularlin both taxa, or is often L-shaped
in the latter. With regard to the position’of the basal cavity, it is
situated aylittle furthér posferiorwara in fhe last forms than in all

representatives of Sch. hermanni, with the greatest width positioned at, or

Just behind, platform mid-length. The posterior extension of the cavity is
usually also déveloped’rather further posteriorward in the former, into the
final quarter of the platform, and often to the posterior tip in the |

klapperinids. Despite the development of the basal cavity being similar in

Sch. hermanni and the genus Klapperina, it has been suggested that the latter
taxon was derived not from the former, but from Po. cristatus (g.v.). The

evolutionary position of Po. a. subsp. A has not yet been assessed.

Occurrence: In Torquay, Sch. aff. hemmanni occurs at Barton Quarry (sample

B - 18).

Schmidtognathus peracutus (BRYANT)
Plate 15, figs. 4, 5, 8, 10, 15, 16, 22, 23, 27

%1921 Polygnéthus peracutus n.sp. - BRYANT, p. 25, pl. 10, fig. 12 (=_holotype).

v1965 Schmidtognathus peracuta (BRYANT) - ZIEGLER (b), p. 668, pl. 1, figs.

1-10 (see synonymy).
*1968 Polygnathus normalis MILLER & YOUNGQUIST - MOUND, p. 509-510, pl. 69,

figs. 30, 31 (only).
+1969 Schmidtognathus peracuta ZIEGLER [sic] - SCHONLAUB, pl. 2, figs. 1, 2.

1970 Polygnathus peracuta BRYANT - SEDDON (b), p. 61-62, pl. 14, figs. 6-8.
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1971 Schmidtognathus peracutus (BRYANT) - ORR, p. 56, pl. 6, fig. 9.

*1973 Schmidtognathus peracutus (BRYANT) - ZIEGLER, p. 429-430,

Schmidtognathus - pl. 2, figs. la, 1b, 2 (originals of ZIEGLER 1965b,

- pl. 1, figs. 9, 10 and new photographs of BRYANT 1921, pl. 10, fig. 12

‘respectively).
non1979 Schmidtognathus peracutus (BRYANT) - UYENO, pl. 2, figs. 27-29 (= Sch.

wittekindti).

t

1980 Schmidtognathus peracutus (BRYANT) - KLAPPER in JOHNSON, KLAPPER &

TROJAN, pl. 3, figs. 31, 32.

Diagnosiss A species of Schmidtognathus in which the platform is triangular to
rather more sagittate in outline, aﬁd is felatively flat or siightly
transversely bowed (convex upwards) in cross-section. The oral surface bears
severai-lghgitudinal rows of often low, rounded and usually unfused nodes.

The carina is represented by a median row of discrete, rounded nodes, which
are either similar in size or only a little larger than those of the rest of
"the piatform ornament, and is often not distinct. The short free bla@e
occupies about one-quarter to one-third of total ﬁnit length. Aborally, the
weakly asymmetrical basal cavity is not conspicuously large, and 1s developed

in the anterior half of the platform.

Remarks and comparisonss Sch. peracutus most closely resembles Sch. wittekindti,

but is distinguished from the latter by its relatively broader platform and

shorter, lower (in profile) free blade. The oral surface of the platform in

Sch., péracutus typically bears several rows of fairly low nodes and a rather

subdued carina, whereas Sch. wittekindtl characteristically has one row of

strong nodes on each platform margin, separated from the prominent carina by
deep adcarinal grooves. Adcarinal grooves are not well developed in the
former species because the platform margins are less upturned than in the

' latter, and the platform appears flatter in cross-section, and thinner in
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lateral view. The two taxa may be'differentiated in lateral aspéct also by

the degree of arching of the entire unit, which is much stronger in Sch.

wittekindti than in Sch. peracutus, and in aboral view by the nature and
position of the basal cavity, which is relatively larger and rather mofe
asymmetrical in the formér, and is located relatively furtherforward, close
to the anterior end of the platform. . |

These differences being stated, there seems to be considerable
morphological gradatioﬁ‘between the two species, which-is diScﬁsséd_under Sch.
wittekindti, and is evident also in the specimens from Torquay reférred fo Sch.
peracutus. Of these, thé fairly large indiyidual on Plate 15, figs. 4, 5,_8
is closest to the last taxon, and is consistent with it in the rather broad,
triangular-shaped platform, which‘bears several rowé of rouhded, low nodes,
aligned more or less parallel to the similarly developed, equally low
carina; .fhé nodes display some degree of transverse fuslon, which is seen
also in a large form illustrated by Ziegler (1965b, pl. 1,figs. 1, 2). The

example to hand conforms with Sch. peracutus in aboral view because the

asymmetrical basal cavity is not large and is located in the anterior half of
the platform, and in lateral view in the gentle arching of the platform. The
platform is fairly thick in the last aspect, which suggests a tendency towards

Sch., wittekindti. The free blade is broken, and its character 1s not known.

' The example on Plate 15, figs. 10, 15, 16 resembles Sch. peracutus

in the morphology of the platform in both plan and lateral views. The free
blade is consistent with the specles in profile because it 1s only low and is

not arched, but approaches that of Sch. wittekindtl in occupylng almost one-

half of total unit length. The basal cavity is also simllar to that of the:
last takon, because it is fairly large and is developed at the anterior end of
_the platforﬁ. The individual on Plate 15, figs. 22, 23, 27 appears to be a
larger form of the previous specimen, which has been laterally compressed and

sheared, accentuatiné the platform arching. The upper surface of the platform

tends towards that of Sch.? gracllis in lateral view, because it is flat
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anteriorly and slopes downwards posteriorly, but the platfomm margins are not
upturned as in the last species, and thévplatform is rather flat béneath the
ornament. Aborally, the example has the fairly small basal cavity of Sch.
peracutus. The cavity shows only a weak asymmetry, and is rather diamondm
shaped in outline; 5

Range and occurrences: Sch..peracutus ranges from within the Upper hermanni-

cristatus Subzone, to the top of the LowermostyaSymmetricus Zone (Ziegler

1973, p. 429; in Klapper and Ziegler 1979, text-fig. 5).

In Torquay, Sch. peracutus occurs at Barton Quarry (samples BQ -

11, 13, 18, 26).

Schmidtognathus pietzneri ZIEGLER

v¥1965 Schmidtognathus pietzneri n. sp. - ZIEGLER (b), p. 666-667, pl. 2,

. figs. 11-25 (figs. 22, 23 = holotype).

*1969 Schmidtognathus pietzneri ZIEGLER - SCHONLAUB, pl. 1, figs. 27, 28.

*1973 Schmidtognathus pietzneri ZIEGLER - ZIBGLER; p. 431, Schmidtognathus -
pl. 1, figs. 2a, 2b (origlnals of ZIEGLER 1965b, pl. 2, figs. 22, 23

respectively).

*1980 Schmidtognathus pietzneri ZIEGLER - KLAPPER in JOHNSON, KLAPPER &

TROJAN, pl. 3, figs. 29, 30.

Diagnosiss See Ziegler 1965b, p. 6673 1973, p. 431 (translation of original

" German).

Description (Torquay material)s The specimens are all small growth stages.
The elongated, slender platform is widest towards, but not always at, the

anterior end, while the posterior platform is weakly to more strongly deflected

inwards in plan view, and is bent downwards in profile. The posterior tip of
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the unit is peinted, and the carina often projects slightly béyond{the
posteriormost part of the platform. The ornament consists of small, usuaily
evenwsized nodes, which are restricted to the platform margins, and are
separated from the carina by smooth adcarinal grooves. The adcerinal grooves
become a little deeper anteriorly, where the anterior platform margins are

| weakly to strongiy stretched downwards; and sometimesbdisplay some degree of
lateral expansion, s?ronger on the outer side than on the inner, corresponding
Ato‘the gieatest platform width. Tﬂe anterior platform margins join the free
blade in a combination of usually different, shallew to steep angles, and the
inner margin tends to neet the blade slightly behind the outer. The free
blade comprises about one-half of total unit lengfh.

Aborally, the large, fairly thick-rimmed basal cavity is subcircular
and esymﬁetrical in outline, and is locatedvin the anterior half of the
platform. The outer half of the cavity is ﬁider than the inner, an&rshows a
distinct expansion which is directed outwards and'backwards, although an
infolding is not developed in the posterior part of the outer margin. The
inner margin is arcuate. The enterior part of the cavity falrly abruptly
becomes a fﬁrrowed keel, the gfoove extending forwards beneath the free blade.
The posterior part of the cavity mey equally abruptly become e sharp keel that
attains the posterior tip of the unit, or may taper rather more slowly

posteriorward, becoming a keel'only in the last 0ne4§mzter of the platform.

Remarks and.comparisons: Bofh Sch. pietzneri and Sch. hermanni have a large,
asymmetrical basal cavity. However, the cavity is located relatively further
posteriorwardvin the latter, an& is larger and more strongly asymmetrical
than in‘the former; The'outer half of the cavity is expanded more than the

inner half in both species, but the outer lateral expansion 1s more pronounced

in Sch. hermanni and the outer mergin is infolded posteriorly, which development

is not seen in Sch. pietzneri. The taxa may be distinguished also with regard

‘to the overall form of the unit. The greatest platform width is developed
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close to platferm mid-length in Sch. hermanni, but is situated relatively

further forward in Sch. pietzneri, typically at the anterior end of the

platform. In the latter species, the free blade occupies about one-th%rd of
total unit length, and is thus rather longer than in the former, in‘which the
‘blade comprises about one~quarter of the unit. -

The exaﬁples from Torquay are consistent with Sch. pietzneri in

their aboral morphology, their oral suiface configuration, and the inwards
an& ﬁownwards flexure of their pesterior platform. However, the anterier
platform (described above) tends to be somewhat less well developed than is
" usual in the speciee, as a result of which"the maximum platform width may be

located a little behind the anterior end of the platform. Charecteristically

the anterior platform margins of Sch. pietzneri are rather strongly stretched
downwards and both are clearly outwidened, to comprise the greatest platform
breadth. Also, the inner anterior platform margin typically meets the free

blade in front of the outer margin in Sch. pletzneri, whereas the reverse is

usually the case in the available specimens, and the free blade itself ie
relatively longer in the ;atter. These differenees may possibly be attributable
to the fect fhat the material from Torquay includes only juvenile and small h
growth phases. | | '

| The smallestvofvthe specimens to hand (Plate 16, figs. 5, 6, 9)

approaches Po. latifossatus in aboral view, because the basal cavity tapers only

slowly posteriorwards and forms a rather flat development overall, which

occuples about one-third of the entire lower surface of the platform. However,

the basal cavi£y in juvenile,forms of gg.ylatifossatus may occupy almost all

of the lower surface of the platform, and the anterlor part of the eavity is

not as clearly asymmetrical as in the Torquay specimen. Further, the entire

platform is less weil developed in the fommer, compared with that of the latter.
The individual on Plate 16, figs. 3, 4% is rather unusual with

regard to the morphology of its platform, which is thicker (in profile) than

in the rest of the material available, and the nodes of the ornament tend to be
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set in from the margins.' These features are most apparent in the anterior
outer platform, where the nodes are large, and are partly fused into a
sculpted, longitudinal ridge-like development. This particular example

otherwise conforms both with the other specimehs from Torguay, and with the

type material of Sch. pietzneri (Ziegler 1965b, pl. 2, figs. 11-25).

'

Range and occurrencet Sch. pietzneri most commonly occurs ih the Upper

hermanni - cristatus Subzone, but is known from the base of the Lower hermanni-

cristatus Subzone through to the top of the Lowermost asymmetricus Zone

_(Ziegler 1971, chart 3; 1973, p. 431;.in Klapper and Zieglgr 1979, text - fig.5).

In Torquay, Sch. pletznerl occurs at Barton Quar:y (samples BQ -

11, 18, 26, 28, 29, 30).

Schmidtognathus wittekindti ZIEGLER

Plate 15, figs. 17, 20, 24 (cf.).

V#1965 Schmidtognathus wittekindti n. sp. - ZIEGLER (b), p. 665-666, pl. 1,

figs. 11-16, pl. 2, figs. 1-10 (pl. 2, figs. 8-10 = holotype)(see

synonymy).
'1970’Schmidtognathus wittekindti ZIEGLER - KIRCHGASSER, p.352-353, pl. 65,

figs. 3, 7.
‘1973 Sdhmi&tognathus wittekindti ZIEGLER - ZIEGLER, p. 433-434,

Schmidtognathus - pl. 1, figs. la, 1D (origlnals of ZIEGLER 1965b, pl.

2, figs. 8, 9 respectively).
*1976 Schmidtognathus wittekindti ZIEGLER - ZIEGLER & KIAPPER in ZIEGLER,

KLAPPER & JOHNSON, pl. 3, figs. 36-39.
1979 Schmidtognathus peracutus (BRYANT) - UYENO, p. 249, pl. 2, figs. 27-29.

Diagnosiss See Ziegler 1965b, p. 666; 1973, p. 433 (translation of original

German).
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" Remarks and comparisons: Sch. wittekindti characterisfically possesses an

elongated, very harrow ﬁlatform, which is triangular in'outline, and which bears
a single row of nodes on each margin, separated from the carina by well
developed adcarinal grooves. In profile, the platfqrm margins are cleaily
upturned and the piatform appears thick, while the entife unit'is strongly
arched.'.The freeiblade occupies up to one-half of total unit length, and the
blgde denticles are conspicuously high in léteral view,'the maximum height being
developed more or less at blade mid-length. Aborally, the basal cavity is
fairly large, and shows at least some degree of asymmetry. It is often

developed close to the anterior end of the blatform.

In the litefaturé, specimens have been referred to Sch. wittekindti

which apprbach Sch., péracutus in several respects (g.g. Ziegler 1965b, pl. 1,

figs. 11-16, pl. 2, figs. 1, 2 (all cited as "Sch. wittekindti, tendency to

Sch. peracutus"); Kirchgasser 1970, pl. 65, figs. 3, 7). In these individuals,

" the platform is flatter (in cross-section) and sometimes broader than is

usual in Sch. wittekindti, and lacks the typically deep adcarinal groovés of

this species. The oral surface sculpture resembles that of Sch. peracutus,
because several longitudinal rows of low to ré£her more prominent nodeé are
developed on the platform, while a median row of similar nodes represenfsvthe,
carina, which is not distinct. The free blaae is consistent with that of the
former taxon in being remarkably high, but it may be short, and thus be closer
to fhat of the latter species. For example; the free blade occupies only
one-quartér of total unit length in Kirchgasser (1970, pl. 65, fig. 7).
Aborally, the basal cavity may be rather small, and again resembles that of
the latter species. _

| A specimen which Uyeno (1979, pl. 2, figs. 27-29) assigned to Sch.
Peracutus isithought hérein to be intermediate between this species and‘§EE.

wittekindti, but is considered to 1lie closer to the latter taxon. The

individual approaches Sch. peracutus with regard to its overall platform

norphology, but displays stronger similarities to Sch. wittekindtl in that the
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free blade comprises almost one-half of total unit_lehgth and is very high in
lateral view, while the entire unit is strongly arched in the same aspect.

A single form from Torguay is referred to Sch. wittekindti, and is

v coﬁsistént with the species in the length of the free blade, which occupies
about one-half of total unit length, and in the pronounced arching of the
entiie unit in»pfofile.' The blade appears to bé charécteristic of the species
also in its héight, but this important diagnostic feature cannot be assessed

acéurately because the upper edge of the blade is broken, and a "cf." designation

is therefore preferred for the specimen. The individual is somewhat atypical

of Sch.'wittekindti in that the platform is relatively broader and its margins
are rather.less upturned than is uéual, and the basal cavity is fairly small.

As in thé material described above, these characters are all thought to

indicate tendencies towards Sch. peracutus.

Sch.. wittekindti is discussed further under the last taxon.

Range and occurrences Sch. wittekindti ranges from within, and possibly from

the base of, the Lower hermanni - cristatus Subzone, through into the middle

of the Lowermost asymmetricus Zone (Ziegler in Klapper and Ziegler 1979,

text-fig. 5). Ziegler (1973, p. 433) stated that specimens at the lower end

of the age-range were few, and that the most common occurrence of the species

was in the Upper hermanni - cristatus Subzone and the Lowermost asymmetricus

Zone. He had previously shown theform to attain, possibly, the Lower

asymmetricus Zone (Ziegler 1971, chart 3).

In Toiquay, Sch. cf. wittekindti occurs at Barton Quarry (sample

R - 1);"

Schmidtognathus n. sp. A

Plate 15, figs. 21, 25, 26.

Desbrigtion (Torquay material)s The elongated, slender platform is more or less
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syﬁmetrical and roughly lanceolate in outline, and is widest a little before
its mid-length. The anterior platform ﬁargins are slightly stretéhed downwards
and frame short’adcarinalvgrooves, of which the outer is a little wi@er than
- the inner. The inner anterior platform margin meets the free blade at a
shallow angle, whereas the outer anterior platfomm margin turns inward rather
more bluntly and ébruptly, to meet the free blade in d right angle, a little
behind the inner margin. The ornament is developed throughout the length of
the plaﬁform, and is ﬁore or less restrictéd to the borders, being separated
from the carina by the shallow posterior extensions of the aﬁterior adcarinal
troughs. Posteriorly, the ornament cqnsists of a few fine, irregulér nodes.
Anteriorly, the nodes are slightly'coarser, and show a variéble degree of
iransverse elongation, to produce aféw rather weak and impérsistent ridges,
- which only rarely extend to the cariﬁa. Thé nodes of the carina-fixed blade
(abouf £en in number) are elongated and fused into a narrow érest, which is
elevated above the otherwise rather flat upper surface of the plafform (in
profile), and which gradually rises in height from the posterior platform,
antériorward to the free blade. The last feature comprises about one-third
of the estimated total unit length. Thé upper edge of the free blade is
broken,'but the blade does not appear to be deep in lateral view, and its’
lower border is straight whilst the platform is gently arched. In plan view,
the‘length axis of the entire unit is weakly curved, concave inwards.

Aborally, a large basal cavity is situated in the anterior half of
the platform. The cavity is subcircular in outline and is slightly asymmetrical,
,beéause the outer half is a little more broadly éxpanded, and is rather more
bluntly rounded, than thé inner. The rims are thickened, and stand abo#e the
lower surface of the platform. The keel is furrowed anteriorly beneath the

free blade. The posterior keel is fairly high, extending from behind the

cavity towards the broken posterior platform tip.

This proposed new species of Schmidtognathus is

Remarks and comparisonsi
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based on only.bne specimen, but is distinctive. Aborally, the basal cavity

of Sch. n. sp. A resembles that of Sch. pietzneri, but exhibits a lesser degree

of asymmetry than in the latter. The two taxavare readily distinguished in
oral aspect, because the platform of Sch. n. sp. A lacks the distinct anterior
lateral expansion, the rather triangular outline, and the incurved posterior

tip characteristic of Sch. pietzneri, and approaches instead the platform

morphology of Sch. heimanni. However, compared both with the last species,

and with material to hand designated Sch. aff. hermanni, Sch. n. sp. A has a
narrower platform which lacks anterior constrictions, and in which the
greatest width is developed relatively further anteriorward. In aboral view,

all representatives of Sch. hermanni are easily differentiated from Sch. n. sp.

A with regard to the distinctive configuration of their often larger basal

cavities, which are also located rather further posteriorward than in the

latter.
One of the specimens from Torquay described as Sch.? aff. gracilis,

shown on Plate 14, figs. 23, 2%, 28, resembles Sch. n. sp. A in its rather

biconvex platform outline, although the plétform margins of Sch.? gracilis

are usually parallel. waever, compared with Sch. n. sp. A, both typical and

atypical forms of Sch.? gracilis have more strongly upturned platform margins
ahd better develdpéd‘adcarinal grooves, while the anterlor platform of the
former taxon lacks the flaf profile characteristic of all representatives of
the latter, the carina-free glade instead clearly rising higher than the
platform margins. The last-mentioned of the Torqsay examples is similar to

Sch. n. sp. A also in aboral view,'but the basal cavity of Sch.? gracilis is

typically a much larger development than that of Sch. n. sp. A, occupying a

greater proportion of the lower surface of the platform, and sometimes -

exhibiting inversion.

Occurréncec In Torquay, Sch. n. sp. A occurs at Barton Quarry (sample B - 30).
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Schmidtognathus n.'sp. B

Plate 14, figs. 14-16, 19, 22.

Description (Torduay material)s The unit is consplcuously thick and robust

in all aspectsf In plan view the length axis is weakly incurved, most strongly
S0 posteriorly. The platform is about twice as long as broad and the two |
halves are similarly developed, although the outer half is a little wider than
the inner. The platform margins are rather irregular and both exhibit a

slight degree of outward curvature, but they are more or less parallel
throughout their length.‘ In the posterior part of the platform the margins
curve falrly gradually to the rather bluntﬂposterior tip, the curvature being '
a little more pronounced in the outer platform thanin the inner. The

anterior platform margins turn inward more abruptly and meet the free blade at )
steep angles, the outer margin Jjoining a little posteriorward of the inner.
'Short triangular (in oral view) anterior adcarinal troughs are developed
behind which the upper surface of the platform tends to be rather flat

beneath the ornament. The ornament consists of a few irregular, fairly stout
nodes in the specimen on Plate 14 figs. 14 15, 22. The nodes tend to be

set in from the margins, and are smallest, rounded (in outline) and randomly
distributed posteriorly, but become transversely enlarged'and nore prominent
anteriorly., In the example on Plate 14, figs. 16, 19 the nodes are more
even-sized throughout the'platform, and have partially coalesced into a

fairly coarse, irregularvnetwork over much of its upper surface. A Tew

discrete nodes are apparent posteriorly. In all the material the carina 1is

a distinct, Blunt fused ridge, which is higher than the upper surface of the
platform'in profile, and attains its maximum helght a little behind platform
mid-length. Thereafter, the carina becomes rapidly lower and slightly
narrower, and does not quite reach the posterior platform tip. Just before
the termination, one or two carinal nodes become a little more discrete.

In lateral view the entire unit is weakly arched, a little more

strongly so in the posterior platform. The free blade is preserved only in
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- the individu@l”on Plate 1b,lfigs. 14, 15, 22 in whiéh it occupieé roughly one-

third of.total'unit length. The blade is not deep in profile,‘and the upper

and lower edges appear subparallel, although the former is incompleter
Aborally, a moderately large, thick rimmed basal cavity is located

in the anterior half of the platform. The cavity shows some degree of

asymmetiy bécause'the outer half is a little wider, aﬁd its margin more bluntly

rouhded, than the inner. In the Specimeh on Plate 14, figs. 14, 15, 22 a

weak infolding is devéloped in the posterior part of the outer cavity margin.

The blunt keel attains the platform tip posteriorly, and is furréwed anteriorly

beneath the free blade.

Remarks and.comparisons: As in Sch. n.lsp. A, representatives of Sch. n. sp.
B are rare, but again are distinctive. Their mor@hology is somewhat variable,
but thé&uéhare a thick,'rather 5road and irregular but more or less parallel
sided platfornm, ihe oral surface of which is fairly flat beneath the rather
coarse, irregular ornament, and fhe high, blunt, fused ridge of the carina.
Thesé features readily distinguish the proposed new species from other members
of the genus, in which the platform is lanceolate, triangular, Or narrow aﬁd
paralie{ sided iq outline, and the ornament is more regular, and is often
separated from the carina by well developed adcarinal grooves. Aborally,

the mdderately large, thick rimmed, slightly asymmetrical basal cavity of
Sch. n. sp. B 1s characteristic of the schmidtognathids. As described

above the outer cavity margin is infolded posteriorly in the example on

Plate 14, figs. 14, 15, 22. An infolded posterioi outer cavity margin is a

diagnostic feature of Sch. hermanni,but, compared with this species, the

basal cavity of Sch. n. sp. B is relatively smaller, less well defihed and

less strongly asymmetrical, and is also located rather further anteriorward.
In its robust nature, and in the outline and oral surface

configuration of the platform, Sch. n. sp. B approaches Po. caelatus BRYANT.

However, the platform outline is much more irregular and more variable in the
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latter, the orﬁameht‘mayibe more Strohgly ridge-like, and the free‘blade is-
not well differentiated from thevplafform. Aborally, the basal Cavity of
Po. caelatus is more centfally positioned compared with that of Sch..n. sp. B,

and is relativelvamaller, and symmetricélly circular or oval;in outline.

Occurrence: In Torguay, Sch. n. sp. B occurs at Barton Quarry (sample BQ - 26).
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Form'genus Spathognathodus BRANSON & MEHL

Type species: Spathodus primus BRANSON & MEHL 1933b.

Remarkss Various forms have been referred to Spathognathodus in the literature,

many of which have now been reassigned to other taxa (see Ziegler 1973, 1975,

1977), such as Ozarkodina and Eognathodus. Klapper and Philip (1971, p. 448-449)

pfoposed Type 1 apparatuses for these two (multielemental) genera, which
.differedvessentiall& only in the nature of tﬁe P element. This was
spathognathodbntan in the former and éognathodontan in theviatter, while the
01, N, Al, A2 and A3 elemeﬁts were ozarkodinan, neoprioniodontan or
synprioniodontan,‘hindeadellan, plectospatho&ontan and trichonodellan, 
respectively, in both associations.’ Klafper and Philip (1972, p. 99)

subsequently suggested that Polygnathus was probably derived from Ozarkodina,

b& way of Bognathodus. Just the P elements of Ozarkodina and Bognathodus are
- recognised in thé Torquay faunas and are described below, the‘latter taxon
being used és a form genus.

‘Weddige (1977, i:. 326) established the form genus‘Tortodus,‘which .
has rare represent;tives iﬁ the collections to hand. As envisaéed by him, the
taxon receives spathognathodiform elements in which the denticulated bar is
weakly to strongly twisted inwards (in plan view) posteriorly, where the
denticles are lowest and incline outwards. The central and, sometimes,
posterior parts of the bar are thickened beneath the denticles, to produce two
ledge-like lateral expansions. The degree of thickening is variable, and the
ledges may be only‘ihcipient, appearing just as slight lateral swellings of the
bar, or they may be better developed and platform-like. Abbrally, the basal
cavity tends to be at least moderately flared. The multielemental position

of Toftodus is not known.

Spathognathodus itself is retained herein in its form generic

sense for those specimens which may have the role of an 01 (ozarkodinan)

element in a Type 1 apparatus, such as that of the multielemental Polzggathus.



- 283 -

Spathognathodus planus BISCHOFF & ZIEGLER

Plate 18, figs. 9,‘11.‘

v*1957 Spathogpaﬁhodus planus n.sp. - BISCHOFF & ZIEGLER, p. 117, pl. 19, figs.

34, 35 (fig. 35 = holotype).

1970 Spathognathodus planus BISCHOFF & ZIEGLER - PEDDER, JACKSON & ELLENOR,

pl. 16, figs. 5. 7.

1975 Spathognathodﬁs'planus BISCHOFF & ZIEGLER - BULTYNCK, p. 25, pl. 25,

figs. 8, 9 (éee synonymy) .

1978 Spathognathodus planus BISCHOFF & ZIEGLER - ORCHARD, p. 951, pl. 111,

figs. 9, 13, 17. _
+1978 Polygnathus xylus STAUFFER - UYENO, p. 17-18, pl. 4, fig. 4 (only:

"01 element").

Diagnosis (after Bischoff and Ziegler 1957): A species of Spathognathodus,
in which the blade is gently arched in lateral view, and bears closely
arranéed, poSteriorly inclined denticles. The denticles are larger in the

,anierior half of the unit than in the posterior half. The basal cavity is a

long, narrow groove.

Remarks and comparisons: Orchard (1978, p. 916, 938) thought that Sp. planus

could be the 01 element of Po. varcus s. 1., while Uyeno (1978, p. 17)
sﬁggested that the form was the Ol element of the multielemental Po. xylus.
Sp. planus is not common in the Torquay faunas.aithough, when encountered, it
is togéther with members of the Po. varcus group. However, 1t should be noted

that the latter often occur without the former.

Orchard (1978, p. 951) described the range of morphological variation
exhibited by representatives of Sp. planus in his Plymouth collections. He
observed that they varied with regard to the extent of arching and sideways

flexing of the unit, and to the regularity of the denticulation. He also noted
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that the denticie (the cusp) directly above the basal cavity tended to be
slightly larger thaﬁ those adjacent to it.. Similar variations are apparent in
the Torquay speciméns.‘ In p¥ofile, the last are consistent with the species
in the gentle bowing (convex upwards) of the blade, and in the backwards
inclination of the>dentic1es in the posterior half of the unit, which afe
smaller than the réther more upright denticles of the anterior half;

Sp. planus ?s clbse to the older §B' obliguﬁs in morphology, .the
two taxa differing only in that the latier bears relatively fewer and less

close spaced denticles. Sp. semialternans (WIRTH) resembles Sp. planus in that

the anterior denticles tend to be larger théh those in the posterior part of
the unit, although the denticulation is more or less erect througﬁqut.the
entire unit in the former. The upper edge of Sp. planus traces an approximate,
convex upwards curve in‘Jateral view, whereas the upper border of Sp.

semialternans*appears more nearly horizontal over the anterior two-thirds of

the unit, andfcurves downwards only posteriorly.: The basal cavity of the
latter tends to be better developed than that of the former, and is located
Jjust a littlé‘further posteriorward, roughly at the beginning of the posterior
one-third of the unit. The two taxa may be distinguished also with respect

to the form of the aboral margin. In Sp. planus, the 1ower edge;ig weakly
arched (convex upwards) either throughout the entire unit of Just undef the
basal cavity.. In contrast, and as Ziegler and Klapper (in Ziegler et al. 1976,

-

p.118) despribed, the lower border ofA_B.‘éemialternans is straight to slightly

curved (convex downwards) before the basal cavity, arches upwards under the

cavity, and then arches downwards (tracing a convex upwards curve) behind

the cavity.

Range and occurrence: Ziegler (1971, chart 2) showed Sp. planmus to range

from within the lower half of the (then) obligquimarginatus Zone through to the

top of, and possibly higher than, the latericrescens horizon in the varcus

Zone. In terms of correlations made by Weddige (1977, table 3), this span
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starts within the ensensis Zone. The latericrescens horizon was characterised

by the joint occurrenée of I. 1.41atericréscens and Ancyrolepis walliseri, and
therefore represents a short interval about the Lower-Middle varcus Subzone
" boundary in Europe (Ziegler 1971, chart 2, p. 258; in Klapper and Ziegler 1979,
| text-fig. 5). By inference, the'age range of Sp. planus extends upwards at
least into the Middlefzggggg Subzone.
In Torquay, Sp. planus occurs at Lummaton Quarry (samples LM-9, 10, 17,

18) and Madrepore Road (sample MR-1).

Form genus Fognathodus PHILIP

Type SPeéies: Eognathodus sulcatus PHILIP'1965.

Eognathodus bipennatus montensis WEDDIGE

Plate 18, figs. 29-32 (cf.).

*1966 Spathognathodus cf. bipennatus BISCHOFF & ZIEGLER - BULTYNCK, p. B202-

B203, pl. 2, figs. &, 6, 7 (only: pl. 1, fig. 13, pl. 2, fig. 8
E. b. bipennatus).

#1977 Eognathodus bipennatus montensis n. ssp. - WEDDIGE, p. 324, pl. 6,

- figs. 95, 9 (fig. 95 =»hdlotype)(see synonymy) .

1978 Eognathodus bipennatus (BISCHOFF & ZIEELER) subsp. A. - PICKEIT, p. 98-

100,'p1{ 2, figs. 4-10, 11-13 (?), 14 (only).
7?1979 Eognathodus aff. E. bipennatus (BISCHOFF & ZIEGLER) - CHATTERION, p. 187-

188, pl. 5, figs. 4, 5.

Diagnosis (after Weddige 1977):+ A subspecies of E. bigennatus.iﬁ which, in
lateral view, the anterior bladé denticles are not conspicuously higher than -
tﬁe upper surface of the middle part of the uniﬁ. In the Same aspect, the
anterior edge of the biade is straight, inclines forward, and meéts the aboral
margin in a sharp angle of about eighty degrees. The basal cavity is located

either at, or a little behind, unit mid-length.
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Remarks and comparisons: E. b. montensis may be‘distinguished from the younger

E. b. bipennatus (BISCHOFF & ZIEGLER) in profile. The anterior blade denticles
of théAlatter are distinctly higher than £he oral surface of the central

part of the unit, are 1arge1y fused, and are developed such’that the upper

edgé of the anﬁerior blade describes an approximate, and rathervhigh, semicircle.
The anterior borderzof the unit shows a slight degrae.of curvature (convex
6utwards), aﬁd meets the aboral margin in a Elunt, sometimes rounded, right
angla.. In contrast, the anterior blade dénticles of the forher are only a
little higher than the oral surface of the middle part of the unit, and the
trage df the upper edge of the anterior bladé is either somewhat irregular or,
when fhe denticles are developedbat a similar height to each other, is fairly‘
flat. ‘The anteriérkmargia of the unit is straight, inclines forward, and

meets thé lower border at a sharp, acute angle of about eighty degrees. In both
taxa the basal cavity may be located at unit midmiength, or may be sitaated a
little anferiorWard of this position in the nominate Subspecies, and slightly

~ posteriorward in E. b. montensis.

'In none of the available specimens is the anterior part of the unit
completely preserved, but there is no indication of the high blade denticles
characteristic of E. b. bipennatus. The basal cavity appears to be developed
a iittle behind unit mid-length, consistent with E. b. montensis, although a
"ef " dasignationlis preferred because the material is Broken. The aboral

{expansion is shaliow in lower view, and is broadly flared and subrectangular
in outline, most conspicuously so in larger growth_stages (e.g. P1. 18, figs.
3, 32). |

The upper surface of the unit in all the Torquay examples tends to
be abraded, but bears a few subdued, broad transverse ridges posteriorly,
which are replaced anteriorl& by a shallow 1oagitudinal furrow. The last
feature extends from a point above the pasterior border of the basal cavity,
to just before the anterior blade denticlea, and is flanked by smooth

longitudinal ridges. This manner of oral surface configuration is developed in
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representatives of both E. b. monténsis and g:_.‘ b. bipennatus in the literature,
and also in some examples of the older (Iower Devonian) E. sulcatus.  The
longitudinal groove may sometimes extend close to the posterior extremity.

of the unit in g_‘p_ bipennatus (e.g. Bischoff é.nd Ziegler 1957, pl. 21,

fig. 31: holotype), and both in this taxon, and in E. sulcatus, the ridges
peripheral to the groove are commonly denticulated, comprising loﬁ but distinct
nodes. The last two foms are similar in profile, but the basal cavity is
located relatively furthér posteriorward in the latter, being developed in the
posferior half of the unit.

Material from the base of the Funergl Formation in the southern
Mackenzie Mountains of Canada, discussed and illustrated by Chafterton (1979,
p. 173, 187-188, .pl. 5, figs. 4, 5), may be referable to E. b. montensis, and
is questionably included in synonymy herein. The specimens .Were designated
" E. aff. E. bipennatus, and Chatierton thought that they were intermediate
between E. sulcatus and E. bipennatus [g b. bigennatus{ with regard to their

morphology, and probably also to their phylogeny.

Range and occurrence: In the Eifelian Hills of Germany, E. b. montensis was

recorded within the c. costatus Zone (Weddige 1977, tables 2, 5).
In Torquay, E. cf. b. montensis occurs at Dyer's Quarry (sample DY

- 2), Peaked Tor Cove (samples PX - 3,4) and at Triangle Point (sample TP -12).

Genus Ozarkodina BRANSON & MEHL

Type species: Ozarkodina typica BRANSON & MEHL 1933D.

Ozarkodina brevis (BISCHOFF & ZIEGLER)

'Plate 18, figs. 2-5, 7, 8, 12, 16, 20.

v¥1957 Spathognathodus brevis n. sp. - BISCHOFF & ZIEGLER, p.116-117, pl. 19,

figs. 24, 27-29 (fig. 28 = holotype).
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1977 Ozarkodina brevis (BISCHOFF & ZIEGLER) - KLAPPER in ZIEGLER, p. 263-265,

- Ozarkodina w‘pl. 3, figs. 9a, 9b, 11 (figs. 9a, 9b = originals of ZIEGLER
& KLAPPER in ZIEGLER, KLAPPER & JOHNSON 1976, pl. 3, figs. 15, 16
respécti#ely; fig. 11v= fig. Sa a{}increasea magnification)(see
Asyﬁonymy). 1 ' |

*1978 Ozarkodina brevis (BISCHOFF & ZIEGLER) - KLAPPER in JOHNSON & KLAPPER,

pl. 1, figs. 13, 15 (only).

1978 Spathognathodus brevis BISCHOFF & ZIEGLER - ORCHARD, p. 951, pl. 108,

figs. 22-24, 27.

1979 Ozarkodina brevis (BISCHOFF & ZIEGLER) - UYENO, p. 240, pl. 2, fig. 19,

*1979 Ozarkodina brevis (BISCHOFF & ZIEGLER) - SAVAGE & AMUNDSON, pl.l, figs.

3-6 (only).
*1980 Ozarkodina brevis (BISCHOFF & ZIEGLER) - KLAPPER in JOHNSON, KLAPPER &

TROJAN, pl. 3, fig. 15.

Diagnosis: See Bischoff and Ziegler 1957, p. 117; Klapper in Ziegler 1977,

p. 263 (tranélation of original German).

Remarks and comparisons: The P element of 0. brevis is distinctive, and is

characterised by the develobment of a broadly flared basal cavity at the
posterior extremity of the short blade. As the Torguay material illustrates,
the 5asal cévity has a variable morﬁhology, ut if is always strohgly laterally
eipanded with an asymmetrical and subquadiate or rather more circular outline,
and projects a little beyond the‘posteribr end of the blade. The blade
itseif4is short and, in profile, is subrectangular and roughly twice aé long
Ras high. There are between nine and twelve blade denticles, of which the
posteriormost (the cusp) tends to be the largest. 1In lateral view, the cusp is
eifhef erect (e.g. P1. 18, fig. 8) or is posteriorly inclined (e.g. Pl. 18,

figs. &4, 16).
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Specimens referred to 0. brevis in the literature exhibit variation
with‘regard to the development of the posterior end of the blade:. For “
example, Seddonv(197ba, pl. 16, figs. 11, 12) and Uyeno (1979, pl. 2, fig. 19)
figured material, from the Canning Basin of Aﬁstralia and Powell Creek in
Canada respectively, in,which the cusp is exceptionally wide‘and high, and
| is strongly iﬁclined posteriorly. Uyeno (1974, p. 42, pl. 7, figs. 11-13,
pl. 8, figs. 4, 9) had previously designated 0. cf. 0. brevis (as Sp. cf. Sp.
Pzgzig) i;dividuals from the Waterways Formation of Canada, which were
unusual in that a small denticle was coﬂgistently developed behind the cusp,
because of which the basal cavity was sometimes'iocated a little anteriorward

of the posterior extremity of the blade.
Seddon (1970a, DP. 740) thought that Q. brevis resembled Pelekysgnathus

planus in profile tut, as Klapper (in Ziegler 1977, p. 263) observed, the .

two taxa may be easiiy differentiated by the nature of the basal cavity. In
the former, the cavity abruptly narrows anteriorward of the broad but rather

. shallow expansion, to produce a groove which extends to the anterior end of

the blade. In the latter, as in all pelekysgnathids, there is a deep aboral
excavation, similar to the basél cavity of the icriodids. Also, the individual

blade ‘denticles are less distinct in Pel. planus than in Q. brevis.

Range and occurrence: Klapper (in Ziegler 1977, p. 26l4k) stated that 0. brevis

ranged from the lower varcus Subzone through into the Lowermost asymmetricus
Zone, and that the species may have been recorded in younger faunas by

Bischoff and Ziegler (1957, p.33-34). Ziegler (in Klapper and Ziegler 1979,
text-fig. 5) showed the age range of 0. brevis to extend from the upper part

of the Lower varcus Subzone into the Middle varcus Subzone, and possibly

through to the top of the Upper hermanni - cristatus Subzone. Other records
of the species suggest that it may occur below the Lower varcus Subzone.

Pedder et al. (1970, p. 263-265) reported the form from the Timor Limestone of
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New South Waleé, whéie the assoclated faﬁnaé, which included.g.kidentata.and

E. b. bipennatus (as Sp. bidentatus subspp. and Sp. bipennatus respecti&ely)

indicaté correlation:with the ensensis Zone. In Plymouth, Orchard (1978,

p. 914-915, text-fig. 2, table 1) found 0. brevis at Gasworks Quarry (samples

GQl6, 20) in Fauna 6, which was referred to the (then) obliguimarginatus Zone.

In Torquay, 0. brevis occurs at Babbacombe Cliff (samples BC-21, 32),

Barton Quarry (samples BQ-11, 12, 29) Lummaton Quarry (samples 1M+, 3, 6, 7,

10, 11, 13, 15, 18) and Parkfield Road (PF-5).

Ozarkodina sannemanni sannemanni'(BISCHOFF & ZIEGLER)

Plate 19, figs. 25, 27-32.

v*1957 Spathognathodus sannemanni n. sp. - BISCHOFF & ZIEGLER, p.117_118,

e : ?
. pl. 19, figs. 15, 19-23, 25 (figs. 15, 21 = holotype).

1958 Spathognathodus sannemanni sannemanni BISCHOFE & ZIEGLER -~ ZIEGLER,
p. 72, pl. 9, fig. 15. | | |

'1959 Spdthognathodus sannemanni sannemanni BISCHOFF & ZIEGLER - KREBS,
pl. 1, fig. 10.

1968 Spathognathodus sannemanni sannemanni' BISCHOFF & ZIEGLER - POLLOCK,
D. 440 pl. 63, figs. 10, 11.

*1969 Spathognathodus sannemanni sannemaﬁni BISCHOFF & ZIEELER - SCHBNLAUB,

pl. 1, fig. 26.

1980 Ozarkodina sannemanni (BISCHOFF & ZIEGLER) - KLAPPER in JOHNSON,

KLAPPER & TROJAN, pl. 3, fig. 37.

Diagnosis (after Bischoff and Zieéler 1957) 1 ‘A subspecies of 0. sannemanni,
in which the entire blade is bowed (con&ex outﬁards) in oral aspect, and the
ﬁosteriormost part’may be deflected inwards. - The basal cavity is located a
little behind.unit mid-length, and is broadly expanded to produce two unequal

pPlatform~like developments, each of which is semicircular in ocutline, and bears
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one to three distinct nodes orally.

Remarks and comparisons: Several subspecies of 0. sannemanni have been

proposed.Ziegler (1958, p. 72~?3) erected 0. s. tféptus (as Sp. s. treptus),
which was slightly yéunger than fhe nominate subspecies. The former is |
characterised by the na%ure of the posterior part of the unit, whefe thé
blade is strongly deflected inwards (in plan view) behinci the basal cavity,
and at tﬁe séme fime is twisted outwards (in the vertical‘plané). The
expansion of the basal cavity is less in 0. s. treptus than in'g. S. sannemahni,
and SO the platform~like lateral expansions are not as well déveloped as in’
the latter. - |
Péllock (1968, p. 439-440) described four new subspecies of J.

sannemanni (a§ Sp. sannemapni), whichvwere distinguished from each other, and
from the nominate subspééiés, essentially in.the number (or ébsence) of ‘
;denticlés on the oral surféces of the inner and outer lateral expansions. The
~validity of at least some of Pollock's new forms appears to.be dbubtful. His
"Sp. s. adventa" is very small compared with his other new forms and with the
nominate subspecies, and could be a juvenile growthlfhase of one of the last.
All pf his new taxa occurred in more or less the same faunas, usually together
with 0. s. sannemanni, and it is possible,thét the former may, in fact, lie
within ihe ranée of'morfhological variation of the latter.

| " The material from,Torquay is broken, but comprises séveral‘growth
stages. In the smallest forms (e.g. P1. 19, fig. 30) two unequal lateral bulges
4are present on éither side of the blade.- The lateral éxpansions become
- better developed and clearly more semicircular in outline with ontogeny, one
node gradualiy becoming moré distinct on the oral surface of each platform-like
projection, as in the lafgest of the Torquay specimens on Piate 19, figs. 25,
27-29, 32. Matﬁre examples of 0. sS. sannemanhi.consequently approach A. r.
binodosa, but the nodes are develdped rather more from the blade in the former,

instead‘of cleérly from the platform as in the latter. This distinction remains
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valid even with regard to- juveniles of A. r. binodosa to hand (e. g. P1l. 16,

figs. 17, 18, 22).

Range and occurrence: Ziegler (in Klapper and Ziegler 1979, text-fig. 5)

showed 0. sannemanni [gig] to range from the base of the Upper varcus Subzone,

through into the higher part of the Middle asymmetricus Zone. 0. s. treptus

seems to be confined to within the Upper asymmetricus Zone (compare Ziegler

loc. cit. with Ziegler 1958, table 10), so the former age range is taken to be
that of 0. s. sannemanni. In Torguay, Q0. s. sannemanni occurs at Babbacombe
Cliff (samples BC-11, 33) and Barton Quarry (samples BQ-18, 23); O. sannemanni

subsp. indet.at Petit Tor Beach (samples PB-6, 12).

Form genus Tortodus WEDDIGE -

Type species: Tortodus kockelianus (BISCHOFF & ZIEGLER 1957)

Tortodus variabilis (BISCHOFF & ZIEGLER)

Plate 18, figs. 1, 6 (aff.).

v*1957 Polygnathus? variabilis n. sp. - BISCHOFF & ZIEGLER, p. 99-100, pl. 18,

figs. 8_17, pl. 19, figs. 10, 11, 16, 17 (pl. 18, fig. 13 = holotype).

‘1971 Polygnathus variabilis BISCHOFF &_ZIEGLER - ORR, p. 54, pl. 5, figs. 1-3.

1977 Tortodus variabilis (BISCHOFF & ZIEGLER) - WEDDIGE, p. 330, pl. 3,

fig. 57. _
"
1979 Tortodus variabilis (BISCHOFF & ZIEGLER) - LANE, MULLER & ZIEGLER,

p. 220, pl. 2, figs. 6, 7.

Remarks and comparisons: A single specimen from Torgquay is tentatively

referred to this rather variable species. The individual is strongly bowed
(concave inwards) in plan view, and the unit is laterally thickened

pdéteriorly to produce two ledge-like projections, of which the outsr. is a
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liftle wider than the inner. The anterior part of the unit is poorly -
preserved, but is high in profile and appears to be denticuléted. The upper
edge becomes rapidly lower posteriorward, where the oral surface of the
thickened part of the unit bears a rather blunt, fﬁsed, ridge-like cérina
which is lowest towards, and attains, the postgrior tip. Narrow transverse
. ridges aré developed‘on the carina, and curve round its uppef surface.
Orchard (1978, p. 950-951, pl. 110, figs. 3, 5, 6, 8, 11, 15, 16,
19, 25) designated Po. aff. variabilis specimens from Plymouih which were
characterised by the development of a iinguiform tongue. Thé Torquay gxamfle
approaches the Plymouth material in the cross;ridged carina, although a true
tongue ié not developed in the former. Also, the lateral expaﬁsions tend to
be more pronounced and platform-like in Orchard's individuals, and bear an
ornament of nodes and/or short, irregular ridges. In contrast, the oral
surfaces of the lateral projections in the available specimen are more or

less smooth.

Range and occurrence: In the Eifelian Hills of Germany, T. variabilis ranges

from within the ﬁpper half of the ensensis Zone, sporadically into the Lower
Xg£§g§‘8ubzone‘(Weddige 1977, tablés 2, 5. In Plymoﬁth, "Po. aff. variabilis"
was recorded from Princerock Quarry (samples PS 3, ), Cattedown Quarry

(sample CQ 10) and Gasworks Quarry (samples GQ 16, 20): all Fauna 6, referred

to the (then) obliquimarginatus Zone, and-also in Cattedown Quarry, sample

rd

cQ 8 (Orchard 1978, p. 91k, text-fig. 2, table 1).
In Torquay, T. aff. variabilis occurs at Redgate Beach

(sample RB-2).
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. APPENDIX

Introduction

- Areas ahd localities in thé Tofquay reglon are listed in the
same order asiin Chapter 5, énd the majority of individual samples are
identified either in ferms of a meﬁsured section, or by a ten-figure
grid-reference, and by a brief lithological descripﬁion. Sample numbers
are underiiﬁed throughout the Appendix (e.g. TP-1, BC-20). Details of
each conodont fauna are then given (L.e. total nﬁmﬁer of each element-
type, followed By, in pérentheses, that figure expressed as a percentége
of the faunal total; £ota1 number §f e%ements‘in fauna{vweight of rock
ptoceSsed{‘yield,-to nearest_whole nﬁmber), followed by a listing of the
platform—elements ané siﬁple cones identified in the fauna, the figure(s)
in parentheses being thé tofal number of each 1dentification.‘ Barsvare
also identified, in terms of the system of éymbdls proposed by Klapper
and Philip (1971: Al, A2, A3 etc.); and conodont preservation is indicated
by use of the Colour‘Alteration Index (CAI) of Epstein et al. (1977).
Finally, é mention is made of any other microfaunal elements present in
the sample; many of these édditional forms, especially the foraminifera,
were ldentified by Dr. M.D. Brasier (University of Hull). The "white
spheres" recorded in several samples are as described by, for example,

Glenister and Klapper (1976).
Abbreviations used are as in the main text, with the addition of

broad-plat = broad-platformed, lst = limestone, med = medium, v = very.
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Al

1

Daddyhole Cove-Triangle Point (SX927628-928628, Text-fig. 4; Daddyhole Lst)

(see

Scrutton 1977b, p.169§ 1978a, p.32-34 for details of macrofaunas)

Section I (inverted, measured behind Triangle Point platform; beds

generally pale weathering)

110"

68"
by

5o
23"
s

o
1"
2l
30"

(approx) massive, med-dark grey 1lst, covered by shale slip at top of
section. TP-7 at 40-45" above base of unit, from med grey-pink, med

grained crinoidal area

ned-dark grey, fine grained Ists with crinoidal and shelly debris;

abundant branching tabulate corals in 5" bed

N N e \_/'vv

med-dark grey, fine graihed 1st with rich, jumbled fauna of branching

and massive tabulates (g,g. Thamnopora, Alveolites), solitary Rugosa
and small roundedAstromatoporoids (sometimes intergrown with coralé),
with occasional brachiopods, biyoééa, gastropods and clasts of sediment
in crinoidal debris | |

richly fossiliferous lst, as above

med-dark grey, fine-med grained and sometimes crinoidal lsts,
with scattered solitary corals and brachiopods; large

gastropods at top of 20" and 63" beds

R N N N L N, N L

thiﬁ, dark, fine grained lsts with crinoidal and shelly debris.

TP-6 from top 2" | | |

3 med-dark grey, fine-med grained lsts ﬁith scattered Sut sométimes
locally abundant fauna of corals, stromatoporoids and brachiopods,

; and areas of crinoidal debris. TP-5 from top 6" of 30" bed



“ugr
380!
1711

3?" |

24"
10"
38"
36"
: 3"
25"
16"

6"
26

10"
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1st with scattered fauna, as above-
richly fossiliferous lst, as 45" bed above
poorly fossiliferous, dark, fine grained 1st
richly fossiliferous lst,as 45" bed above
poor exposure (path)
med-dark grey, fine grained lsts with cr1n01da1 and '
shelly debris., TP+4 from 10" bed
.med-dark grey, fine gralned lsts w1th occ331ona1 corals (branchlng
~and crinoidal debris. TP-3 from 6“_bed

)

)

)

3 tabulates, solitary Rugosa) and brachlopods, and areas of shelly
)

)

thin-bedded, dark, fine grained lsts (individual beds 1-6" thick), with

bartings and thin beds of dark shale; lsts contain crinoidal and shelly

debris
dark: grey, fine grained, often shaly lsts with scattered corals,
small rounded stromatoporoids and areas of cr1n01dal debris.

T 2 from basal 4" of 17" bed

)
)
)
)
)
)T
)

(beds correlated across small fault)

80"+ thin-bedded lsts and shales to sea-level, as 26" unit above. TP-1

from 3" shaly lst at 44-47? below top of unit

Section II' (inverted, measured across Triangle Point platform; beds

generally pale weathering)

29"
on
19"
n
150
50

e i L S L N N, N

|
) med-dark grey lsts with crinoidal and‘shelly debris and scarce

small rounded stromatoporoids. TP—17 from 2" bed - med grey,

slightly reddened, med grained 1lst



200"

7

_317_

(approx) dark, massive lst, as above but features‘masked by reddened

. skln, this and higher unlts form the ridge at the western end of

25
18"
12"
16"

; 60"
19"

g
o
2l
22"
17"

o
12"
o

£5m
55
gn
o
1gm

2"

68"
L‘,%._n
AL
7y
48
17

Triangle P01nt platform

.
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

med- dark grey, fine grained 1lsts with areas and bands of
crlnoidal debrls, corals (malnly branchlng tabulates - Thamnopora)
and small rounded stromatoporoids are sometlmes locally abundant,

—

as in 25", 16" and 8" beds. TP-16 from basal 6" of 18" bed

richly'fossiliferous 1st, es 45" bed in Section I. TP-15 from top 6"

)
)
)
)
)
)
)
)
)
§
)
)
g
)
)
)
)
)
§
)
)

med-dark grey, fine grained lsts with occasional corals (mainly
branching tabulates, sometimes iocelly abundant as on top surface

of 73" bed), and bands of fine crinoidal and shelly debris; abundant
gastropods in 5" bed, TP-14 from top half of 15" bed, TP-13 from

41" bed

med-dark grey, fine grained lsts with a few small scattered
corals, and bands of fine crinoidal and shelly debris; shell

fragments and sectioned gastropods on top surfaces of 11" and

Lan ‘beds



37"
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med-dark grey, fine grained lsts with a few smail scattered corals,

and bands of fine ciinoidal and shelly debris. TP-12 from basal"

10" of 26" bed

dark, rather shaly 1st

med-dark grey, fine grained lst with small scattered corals_and bands

. of crinoidal.and shelly debris. TP-11 from top 10"

36 n

22"

64"

ou
6u
38u

3"

richly fossiliferous lst, as 45" bed in Section I. TP-9 and TP-10

from basal and top 6" of bed respectively .

med-dark»grey; poorly fossiliferous lst

dark grey, fine grained lst; richly fossiliferous in top 40", as 45"
bed in Section I; sectioned gastropods on tob surface -
;’dark,‘fine grained, sométimes crinoidal lsts with a few corals and

) brachiopods; largé gastropods and occassional solitary Rugosa on top
) surface of 6" bed

dark, fine grained lsf with occasional shaly partings; possible

dessication cracks on top surface

dark grey, fine grained lsts with tabulate and rugose corals, small
scattered rounded stromatoporoids (sometimes intergrown with corals),
and brachiopods, in crinoidal and shelly debris; branching tabulates

are sometimes locally abundant on top surfaces of beds. TP-8 from

e N N N L N N P

3" bed.

base of sectlon taken at main bedding plane at eastern end of Triangle Point

platform; main bedding plane comprises dark grey lst with corals (tabulate

and rugose), small rounded stromatoporoids (sometimes intergrown with corals)

and brachiopods in.sometimes coarse crinoidal and shelly debris - fauna is

often locally abundant
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Seciion IIT (inverted, measured along seaward edge and up western face of
Knoll Quarry)
500" (approx) poorly exposed, grass-covered, massive and thick-bedded 1st;

med-dark grey and fine grained, with areas of crinoidal debris

51" ) med-dark grey, fine grained, massive lsts with areas of cr1n01da1
81" g and shelly debr;s, and occasional small rounded stromatoporoids
I 3 and scattered small solitary Rugosa (as in 81" bed). TP-23 from
25" g 10-20" above ‘base of 51" bed

181" dark grey, flne‘grained, sometimesﬂérinoidal massive lst
‘15"
20"

)
)
)

med-dark grey, fine grainedllsts with crinoidal debris and some

21" ) pink, shaly-looking partings. TP-22 from top 4" of shaly 21" bed

10"
13"
16"

45" richly fossiliferous lst, as 45" bed in Section I

23"
4m

A

12"

7?"
11"

med-dark grey, f1ne grained lsts with crinoidal debris, pink

shaly-looking partings, scattered branchlng tabulates and small

solltary Rugosa. TP-21 from shaly 73" bed

)
)
)
)
)
)
)
o
)
)
)
25" §
)
)
)

. 45" fairly thin-bedded, rubbly-looking, dark, fine grained lsts (individual

beds usually 3-6" thick), with crinoidal debris and pink, shaly—looking

partings
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23" ) med-dark grey, fine grained lsts with areas of sometimes coarse

) |
3" ) crinoidal debris, and pink, shaly-looking partings; lowest beds

3 |
2" ) in western face of quarry. TP-20 from top 6" of 60" bed
o =
14" ) med-dark grey, fine grained lsts with areas of sometimes coarse
81" ) crinoidal debris, and pink, shaly-looking partings
22" ) richly fossiliferéus lsts,
5an Z as 45" bed in Section I
'19u )
)
33" )
681! ;
) .
18" ) med~dark grey, fine grained lsts
) . - |
41" ) with areas of sometimes coarse
5 .
10" ) crinoidal debris
) .
7n g
28n )
23n ;
)
7801 )

1

6" broken, rubbly lst

116" (approx) rubbly, poorly exposed 1st to gravel cover

Section IV (inverted, main part of section measured near Daddyhole Road)

39n g
22" ) med-dark grey, fine-med grained lsts with areas of

22" ) crinoidal debris - 16" bed is coarsely crinoidal;

io" scattered small rounded stromatoporoids‘at top of

341!

massive lsts, as above. TP-26‘from coarsely crinoidal area

)

)

)
16" § 39" bed

)

90-- )

)

)

88" ) in top 6" of 90" bed
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’36u )
)
21m Y
) - -
33" g med-dark grey, fine-med grained lsts with areas of crinoidal
12" % debris. TP-25 from lower half of 12" bed, from an area with
6" ) fine crinoidal debris
. ) :
371! ;
1511 )

90“ (approx) overgrown lst to'basé.of’section at ground level

Expégure above the 39" bed, on»The kno11, is generally poor; TP-27
(SX9279162900) and TP—28 (5X9278462888) are at approx 80" and 330"

' respectlvely above the top of the main measured sectlon, both from patches
' of pale weatherlng, med grey-pink massive 1sts with a few rounded strom—

atoporoids and solitary corals in crinoidal debris, cropplng—out on the

eastern side of,The Knoll

Section V (ihverted, meésufed in north-eéstern corner of Daddyhole Cdve)
(section'éomprises aboﬁt 20-25 ft of alternating red calcareous shaleé and
thin grey 1sﬁs, individual beds showing variation in thickness due to
faulting -and sliﬁping; the three 1st bands in the top c.8 ft of the section
are distinctive, lsts in the lower pafts being thinner, often impérsistent

and less Well defined} base’of section covered by fallen rocks and bpulders)

30" ied calcareous shale‘
6~10"‘med grey 1lst band
8—145 red‘balcaredus Shale'
8-14" med grey lst band
24" red calcareous shale
12-15" med grey, med grained lst band - DH-2
12-15 + red calcareéﬁs shales with thin (usually 1-2"), often impersistent

1st bands. DH-1 from red-grey, crinoidal shale and shaly lst aﬁ

80-85" below 12-15" (DH-2) lst band



DH_2 .

:

TP-9 .
TP-10.
TP-11.

TP"12 .
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Conodonts: polygnathids (linguiform) 2 (15) welght 3.5 kg
icriodids ‘ 11 (85) yield 4/kg

Total 13

Po. 1. bultyncki (2); I. retrodepressus (?),.E.‘sp. indet. (4);_
CAT 5-6. '

Other microf;uné: pyritic material, including pyritised gastropods,
echinoderm plate, endichnial burrow iﬁfillings.

Conodonts: polygnathids (linguiform) 1 (33) weight 1.5 kg

icriodids T 1 (33) yield 2/kg
bars | 1 (33)
Total 3

Po. 1. subsp. indet. (1); I. retrodepressus (1); Al; CAI 6-7.

Other microfauna: pyritic material, including pyritised endichnial

burrow infillings.

Conodonts: none; weight 0.5 kg.

. Conodonts: none; weight 0.5 kg.

Conodonts: none; weight 1.25 kg.

Conoddnts: none; weight 1 kg.

Co%qdonts: none; weight 1 kg.

Conodonts: none; weight 0.75 kg.

Conodonts: icriodids (sp. indet.) 1; weight 1'kg;‘yie1d 1/kg

Other microfauna: crinoid ossicles.

"Conodonts: none; weight 0.75 kg.

Conodonts: none; weight 1.25 ksg.
Conodonts: none; weight 1.25 kg.

Conodonts: none; weight 1 kg.

Conodonts:icriodids 10 ( 2) weight 1 kg
spathognathodids 25 ( 5) yleld 43/kg
bars 8 (18)

. Total 43
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I. c. corniger (7), I. retrodepressus (1), I. sp. indet. (2);

E. cf. bipennatus montensis (25); 01, A1, N; CAI 5-6.

TP-13. Conodonts: none; weight 0.5 kg
Other microfauna: crinoid oséicles.
TP-14. Conodonts: icriodids 1; weight 1 kg; yield 1/kg
1._2. corniger (1); CAI 657. ‘
TP-15. Conodonts: icriodidé 1; weight 1.5 kg; yield 1/kg

I. retrodepressus (1); CAI 6-7

TP—16. Conodonts: icriodids 4; weight 0.5 kg; yield 8/kg

I. c. corniger (4); CAi 6-7.

TP-17. Conodonts: icriodids 11; weight 1 kg; yield 11/kg

I. c. corniger (6), I. aff. introlevatus (3), E} sp. indet. (2);

- CATI 6.

TP-20. Conodonts: none; weight 0.5 kg

Other microfauna: foraminifera (Hemisphderamminaf.
‘TP-2t, Conodontsiinone; weight 0.5 kg.

TP-22. Conodonts: icriodids 3; weight 0.5 kg; yiéld 6/kg
I.c. corniger (3); CAI 6-7

‘Other microfauna: foraminifera‘(Hemisphaerammina), crinoid ossicles,

possible apex of hyolithid.

TP-23. Conodonté:'none; welght 0.5 kg.

TP-24 (SX9279662912, not on sections): med-dark grey, fine grained lst with

with calcite veining.
Conodonts: polygnathids (lanceolate, sp. indet.) 1 (50) weight 1 kg
icriodids (sp. indet.) 1 (50) yield 2/kg

Total 2

-TP-25. Conodonts:. none; weight 1 kg.

TP-26. Conodonts: icriodids 7; weight 1 kg; yield 7/kg

I. c. corniger (4), I. retrodepressus (1), I. sp. indet. (2); CAI 6-7

Other microfauna: possible endichnial burrow infillings.
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TP-27. Conodonts: icriodids 2; weight 1.5 kg; yield 1 /kg

I. c. corniger (2); CAI 6-7.

R

TP-28. Conodonts: icriodids 29 (97) welght 2.5 kg

simple cones 1 ( 3) yield 12/kg

Total 30

[

I. c. corniger (14), I. c. corniger? (3), I. retrodepressus (4),

I. sp. indet. (8); Acodina sp. (1); CAI 5-6.

Other microfauna: pyritic material, including pyritised gastropods.

Dyer's Quarry (8X92236277, Text-fig. 5b; Daddyhole Lst)

(see

Scrutton 1977b, p.169-170; 1978a, p.35 for details of macrofauna)

Section (back face of quarry, base of section taken at level of quarry floor)

30" (approx) iﬁéccessible, well-bedded, dark 1lsts to top of section in back
face of quarry |
9" dark grey, micritic 1lst
45" dark grey, micritic lst with shell debris and shale partings; 1-1%"
shaly band at base of "bed
17" dark grey, micritic,lét.with areas of coarse, sometimes articuléted
crinoidal debris |
181" dark éréy, micritic 1st with fine shell debris, laminatiéns and shale
partings. DY-4 from basal 8"
15" ) d#rk grey, micritic lsts with thin shale partings within and.
23" g between beds. DY-3 from basal 6" of 48" bed
48" | |
25" dark;grey, micritic 1st, with laminatiAns towards base of bed, and a
band of shelly and crinoidal debris at 12-17" above base
2" shale band o
40" dark grey, micritic 1st with thin shale partings
L6

tuff band; weathers back into face
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>28" dérk grey, Aicritic 1st with Heliolites and fine shell debris;
some coérsely cfinoidal éreas
21" ) dark grey,
39" ) micritic 1lsts
2-1" dark ?tuff band; weathefs back into face
15" dark grey, micfitic 1st with occasional gastropods and corals
%-%" dark ?tuff band; weathers back into face.
10" ) dark grey, micritic lsts;
26" ) irregular shale partings in 26" béd
134" dark grey, micritic 1st with shells and éhell fragments; v fine
scale laminations towards top of bed

3" soft, possibly tuffaceous, shale band

10 g |
L ; dark grey;‘micritic 1sts with dark shale partihgs within and between
65" ) beds; occasional 00£als, usually solitary Rugosa and massive

12v g.tabulafes, with fine shéll debris and small gastropods,.

6" especiallybin the highest of these beds. Qxi} from basal 6" of_

6" § 24" bed (lowest bed in back face of qu;rry). DY-2 from 73" bed

2um )

base of section taken at quarry floor - dark, micritic lsts with abundant

corals

DY-1. Conodonts: none; weight 0.5 kg

Other microfauna: pyritised gastropod.
>QX:§. Conodontg: spéthognathodids 1; weight 1 kg; yleld 1/kg

E. cf. b. montensis (1); CAI 5-6.

Other microfauna: pyritised ostracods (Beyreichiacianftype).
2}:}. Conodonts: ﬁoﬁe; weight 1.5 kg

Other microfauna: pyritised ostracods.

DY-4, Conodonts: none; weight i kg.
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Peaked Tor Cove (SX921628, Text-fig. 5b; Daddyhole Lst)

Section I (base_éf section at beach level; top at landwardvend of small cave
‘at SX9214662846, developed in axis of faulted, overfurned syncline; beds
rightway-up, on lower limb of fold) .

13" med-dark grey lst

26" (approx - thickness varlable) med-dark grey, med grained lst. PK-2

from 14-20" above base
13" med-dark grey lst
23" rubbly-looking, grey, crinoidai lst, with shaly partings, small
branching tébulates, solitary Rugosa, atrypid brachiopods (sometimes
articulated) and shell fragments
) med-dark grey, sometimes coarsely crinoidal 1lsts, with large
Yy % splrlfers and other brachiopods (sometimes articulated), bryozoa
g and large solitary Rugosa
9" med-dark grey, finely crinoidal ist with Alveolites
21" méd—dark grey lst with reddened shaly partings, brachiopods (sometimes
articulated), bryozoa, large solitéry Rugosa and crinoidal debris

20" ) med-dark grey, sometimes reddened lsts with fine crinoidal debris and

)
8" ) shell fragments, and occasional Alveolites and solitary Rugosa.
PK-1 from 8" bed
15" % med-dark grey lsts with reddened shaly partings, bryozoa,
26" g Alveolites, solitary Rugosa and occasional brachiopods
20" ) with crinoidal and shelly debris
) .
)

30 "
300" (approx) brecciated 1st, as above, to base of section (beach level)

Section IT (base of section at seaward end of small cave at SX9214662846,
devéloped in axils of faulted, overturned syncline; top at seaward end of

eastern face of cove; beds inverted, on upper limb of fold)

'150" med-dark grey lsts and reddened shaly lsts, with occasional solitary

Rugosa in crinoidal and shelly debris
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85" 1lsts and shaly lsts, as above; some of the reddened shaly areas
contain flattened braéhiopods. EE:&_from grey lst in top 6" of unit
‘11" grey-red, éhaly 1st with large brachiopods and shell fragments
51" 1sts and éhaly‘lsts, aé 150" unit above |
64" red-grey shaly 1sts and calcareous shales, with spiriferid.and other
brachiopods (often articﬁlatedvand flattened), small solitary Rugosa
and crinoidal and shelly debris. EE:E from shaly 1lst a£45-10" above
base of unit
28" ) med-dark grey‘lsts with occasion;i
21" g reddened shaly.areas
88" poor, mud-covered exposure
26" med-dark grey lst with occasional reddened areas, and with abundant
brachiopods (sometimes largé), small solitary Rugosa and crinoidal
. and shelly‘debris | ”
N 160"'(a§prox) med-dark grey shaly lsts with bréchiopods; solitary Rugosalv

- and crinoidal and shelly debris to base of section

PK¥1. Conodonts: icriodids 2; weight 1 kg; yield 2/kg

I. c. corniger (1), I. sp. indet. (1); CAI 6-7.

PK-2. Conodonts: icriodlds 4 (67) weight 1 kg
bars 2 (33) yield 6/kg
| Total 6 o
I. c. corniger (2), I. sp. indet. (2); o1, Al; CAI 6-7.
PK-3. Conodonts: icriodids 14 (93) weight 0.75 kg.

b

spathogﬁathodids 1 (7) yield 20/kg
Total ;;;
I.c. corniger (7), I. sp. indet. (7);}9 cf. b. montensis (1);
CAI 6-7. | | '
PK-4. Conodonts: polygnathids (linguiform) 1 ( 4) weight 1 kg
icriodids 22 (78) yield 28/kg

spathognathodids 1 ()
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bars ~ 4 (14)
Total 28
Po. 1. subsp. indet. (1); I. c. corniger (10), I. sp. indet. (12);

E. cf. b. montensis (1)} 01, A1, Bl; CAI 5-6.

Rock End Walk (SX92366276, Text-fig. 5b; Daddyhole Lst?)

RE-1-3 from pale weathering, med-dark grey and sometimes reddened, fine-med
grained, massive lsts, with a fauna of-hassive and branching tabulate corals

(e.g. Heliolites, Alveolites, Thamnopora) and Rugosa (e.g; Cystiphyllum).

(5X9235962753) . Conodonts: none; weight 1.5 kg.

Jary

RE-1

RE-2 (8X9236062766). - Conodonts: bars (indet.) 1; welght 2.25 kg.

N

'RE-3 (SX9237162769). - Conodonts: bars (indet.) 1; weight 1.5 kg.

Vane Hill Road (8X92056330, Text-fig. 5a; Daddyhole Lst)

Section I

fault

’ 45n ;

7"
)

VAl ; dark grey, fine grained lsts with areas of

7" ) crinoidal and shelly debrls, and scattered
)
)
)
)
)
)

branching tabulates (e.g. Thamnopora) and
7"
4o

solitary Rugosa

5! (approx).no exposure (wall and sfeps)

13" dark grey, fine grained lst with branching tabulates

76" dark grey, fine grained 1lst with a rich, jumbled fauna of tabulate and
rugose corals, small stromatoporoids, bryozoa, brachiopods, etc. in

crinoidal debris - as 45" bed in Triangle Point, Section I
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4" dark grey, fine grained 1lst
16" richly fossiliferous lst, as 76" bed above
6' (approx) no exposure

29" richly fossiliferous lst, as 76" bed above

11" ) .
) S ’ .
43" ) dark grey, fine grained lsts with
)
26" ; scattered corals.and areas of
5" ) crinoidal debris
), .
510)

34" richly fossiliferous lst, as 76" bed abope. VH-1 from top'é"
9" ) dark grey, finefgrained 1lsts with small scattered corals (mainly
16" ) branchlng tabulates and solitary Rugosa), and areas of cr1n01dal debris
8' (approx) poorly exposed rubbly and brecciated lst
17" dark grey, flne grained 1st o
34" ) dark grey, fine grained lsts to ground (pavement) level, contain
16" )- sparse small solitary Rugosa and areas of crinoidal debris, with
Branchihg tabulates (e.g. Thamnopera) and smell rounded stromatoporoids

in 34" bed

Section IT

i8n )
) o
34" ; dark grey, fine grained lsts with areas of crinoidal and
15" ) shelly debris. VH—ZVat 18-24" above base of 36" unit
) '
36n )
)
31n )

10' (approx) no exposure (wall and steps)

61" dark grey, finexgrained 1st with areas of crinoidal‘and shelly debris

fault

VH-1. Conodonts: none; weight 0.5 kg.

VH-2. Conodonts: none; weight 0.5 kg.
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Hope's Nose (SX947635, Téxt—fig. 5c3 Daddyhole Lst)

(see 8

crutton 1977b, p.170; 1978a, p.29-32'for details 6f macrofauna)

HN-1-7 from old quarry on Hope's Nose, all from below disconformity; sample

locati

HN-1:

ons are shown on profile of S.S.E. face of quarry, Text-fig. 5c.
v dark grey, v fine grained, massive, stromatoporoid 1lst, with fine
calcite veining (unit a. on Text-fig: 5c)

Conodonts: nonej weight 1.25 kg.

: lithology as HN-1.

Cbnodonts: none; weight 1 kg.
lithology as HN-1.
Cbnodonts: none; welght 1 kg.

dark grey, v fine grained, bedded 1st (unit b. on Text-fig. 5c¢).

~ Conodonts: .none; weight 1.25 kg

: lithology as HN-4.

' Conodonts: none; weight 1 kg.

HN-6: dark grey, fine grained, poorly bédded 1st (unit c. on Text-fig. 5¢).
Conodonts: none; weight 1.75 kg. |
HN-7: lithology as HN-6.
Conodonts: none; weight 1 kg.
éection I
10-15"' (apprpx) dark calcareous shale exposed in cliff around SX94836347
3-4" distinctive, med grey, fine gréined 1st band with much calcite
~veining: HN-13 | |
L4-7" dark calcareous shale: HN-12 N
34" disfinctiﬁe, contorted 1lst band
4ur dark calcaredus éhale
4-5" coarse tuff band .
20" dark shale with shell gebris ‘

115"

well-bedded, med-dark grey, fine grained cleaved lsts and shales; 1st
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beds 4-38" thick, shale bands-1-5" thick; fauna includes brachiopods,
sometimes locally abundant, with crinoidal énd shelly debris. HN-11
from 7" 1st bed at 29-36" above base of unit

6-7" tuff band

LY well-bedded{ qleaved, dark lsts and shales; as 115" unit‘above,

but 1st beds 3-20" thick, shale bands and partings 3-2" thick. HN-10
from 12" thick, .fine-med grained crin01dal 1st at top of unlt

‘(section contlnued across small fault)

100" med-dark grey, thin-bedded, cleav;d lsts with thin partings and bands
of dark shales to beach shingle; 1st feds usually 2f4",thick,’sha1es

1-1%" thick; fauna includes brachiopods in crinoidal and shelly debris

HN-10. Conodonts: hone§ ﬁeight 0.5 kg

Othef.microfaﬁna: foré,minifera (Hemisphaerammina); abundant pyritic
’\ méterial, includihg pyritised gastropods.
.ﬁN—ll. Conodonts: icriodids (ép. indet., CAI 5-6) 2; weight 1 kg; yield 2/kg
HN-12. - Conodonts: none; weight 0.75 kg

Othér microfauna: abundant pyritic material,

HN-13. Conodonts: none; weight 0.75 kg

Other microfauna: abundant pyritic material.

Area 2

Redgafe Beach (SX935649, Text-fig. 6; Daddyhole Lst, Walls Hill Lst)

(see Scrutton 1977b, p.171; 1978a, p.35-37 for details of macrofaunas)

| Section I (northern cliff of Redgate Beach; Daddyhole Lst, Walls Hill Lst)
top of section is.in‘pale; massive, stromaféporoid Wallé Hill Lst, as
developed in highest parts of northern cliff at Redgate Beach and on Long
Quarry Point; RB-7 (5X9350564977) from pale grey-pink crinoidal 1st close

to the base of this unit
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4o (approx) med grey-red, shaly crinoidal lst with laminar stromatoporoids,

massive tabulate corals (e.g. Alveolites, Heliolites) and solitary
5 =)

Rugosa. RB-5 from basal 5" of unit, RB-6 at 175-180" above base

25' (approx). pale-med grey—pink,vpale weathering, fine-med grained massive
lét, with occasioﬁal lamiﬁar stromatoporoids, branching tabulates and
solitary Rugosa in crinoidal and bioélastic debris; basal unit of Walls

' Hill Lst. RB-3 from basal 10" of unit, RB-4 at 100-106" above base

35' (approx - to»sea‘level) dark grey, bedded, fine-med grained crinoidal
1lsts with thin partings and bands of v dark, cleaved mudstones and shales;
1st bands (sometimes 1enticular)'1-16“ fhick, argillaceous hofizons up to |
20" thick; fauna of long, thin, laminar stromatoporoids, small massive:

~and branchihg tabulates (E'§‘ Thamndpora), solitary Rugosa and shell
fragments; top of Daddyhole Lst. RB-1 from 13" 1st band at 300" below
top of unit, RB-2 from 4" 1st band with shale partings at 200-204" below

" top of unit

Section II (podrly eiposed, grey-red shalyIWalls Hill Lst by path.béhind
Redgate Beach, probably with repetition due‘to faulting)
150"~(approx - top of section covered by grass and boulders) med grey-red,
shaly crinoidal lst; crinoidal_debrié sometimes.coarse
19" grey crinoidal 1st
9" grey crinoidal.lst

41" med grey-red, shaly crinoidal lst. BRB-12 from top 6" of unit,

from coarsely crinoidal area

8" grey 1lst, with laminar stromatoporoids in a coarsely crinoidal matrix

4

118" med grey-red, Shaly crinoidal 1lst
135" poor exposufe .
63" med grey-red, shaly crinoidal lst. RB-11 from basal 10"

100" poor exposure

9" grey lst with fine bioclastic and crinoidal debris
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250" med grey-red, shaly crinoidal-lst to ground (path) level. ' RB-10 from

med-coarse crinoidal area at 50-55" above base of section

N
A

RB-1. Conodonts: icriodids (sp. indet.) 1; weight 0.5 kg; yield 2/kg.

RB-2

Conodonts: polygnathids (lanceolate) 2 (12) weight 2.5 kg

’ polygnathids (linguiform) 4 (24) yield 7/ke

icriodids . 5 (29)
simple cones 1 (6)
spathognathodids - 1 (6)
bars : | o4 (24)
Totai I;;

Po. pseudofoliatus (2), Po. 1. linguiformis (3), Po. 1. subsp. indet.

(1);_2.‘expansus group (2), I. sp. indet. (3); Neopanderodus sp. (1);
T. aff, variabilis (1); O1, A1, A2; CAI 6-7.

RB-3. Conodonts: polygnathids (lanceolate) 1 (25) weight 2 kg

;
polygnathids (linguiform) 1 (25) yield 2/kg

bars ' 2 (50)
Total 4

- Po. pseudofoliatus (1), Po. 1. linguiformis (1); CAI 6-7.

RB-4. Conodonts: polygnathids (lanceolate) 8 (42) weight 1.5 kg

polygnathids (linguiform) 4 (21) yield 13/kg

simple cones b (21)
bars _ -3 (16)
" Total 19

Po. pseudofoliatus (5), Po. 1. linguiformis (1), Po. 1. subsp. b (1),

Po. 1. subsp. indet. (2), Po. sp. indet. (3); Belodella sp. (4); CATI 7.

Other miéiofaunag white spheres.
RB-5. Conodonts: polygnathids .(lanceolate) 5 (39) weight 1.5 kg
polygnathids (linguiform) 1 ( 8) yield 9/kg
jcriodids E 2 (15)

" gimple cones = 2 (15)
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bars - . 3 (23)
Total IE.

Po. pseudofoliatus (2), Po. x. ensensis (2), Po. 1. linguiformis (1),

Po. sp. indet. (1) I. eXpansus group (1); I. sp. indet. (1);
Belodella sp. (2); Al, A2 CAI 7
'Other'microfauna: fish teeth; white spheres.

RB-6. Conodonts: polygnathids (1anceolate) 1 (8) weight.1.5 kg

polygnathids (linguiform) 2 (17) yleld 8/kg

icriodids | 3 (25)
’ bars -6 (50)
TotalAIE

Po. 1. linguiformis (1), Po. 1. subsp. indet. (1), Po. sp. indet. (1);

I expéhsus group (2), E: sp. indet. (1); A1, A2, Bl; CAI 6-7.
RB-7. Conodonts: none; weight 0.5 kg.
E§:§ (SX9345565002, not on sections): from med grey-red, shaly crinoidal l1st
unit of Walls Hill Lst between faults
Conodonts: bars 1; weight 1 kg; yield 1/kg.
EB-9 (SX9338964868, not on sections): pale—med grey-buff, pale weathering,
flne grained, massive 1lst .

Conodonts: polygnathids (lanceolate; sp. indet.) 1; wt 0.5 kg; yld 2/kg.

RB-10. Conodonts: polygnathids (1linguiform) 8 (38) weight 1.5 kg

icriodids’ 6 (28) yiéld 14/kg
simple cones ' 3 (14)
~ bars 4 (19)
| Total EI

Po. 1. linguiformis (4), Po. 1. subsp. b (2), Po. 1. subsp. indet. (2);

I. aff. obliquimarginatus (3), I. sp. indet. (3); Belodella sp. (3);

Al, Bl; CAI 5-6.
RB-11. Conodonts: polygnathids (lanceolate) 1 (25) weight 0.5 kg

simple cones 1 (25) yleld 8/kg
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bars . 2 (50)
Total 4

Po. pseudofoliatus (1); Belodella sp. (1)- Al, A2; CATI 6-7.

RB-12. Conodonts: polygnathlds (lanceolate) 16 (40) welght 1.5 kg

——mea

polygnathids (lingulform) 4 (10) yleld 27/kg

‘o ‘leriodids - 2(5)
simpie cones - 2(5)
spathognathodids 1 (2)
bars / 15 (38)

Total.'za

&

Po. x. ensensis (5), Po. 1. linguiformis (2), Po. 1. subsp. a (2),

Po. sp. indet. (11); E: expansus group (1), I. cf. regularicrescens

- (1); Neopanderodus sp. (2); Tortodus sp. (1); o1, A1, 02, Bl; CAI 6-7.

EB-13 (SX9346764814) from isolated outcrop of med grey-pink, pale weathering,
massive lst with laminar stromatoporoids, tabulate and rugose corals
in a bioclastic and crinoidal matrix (walls.Hill Lst)

Conodonts: polygnathids (lanceolate) 11 (41) weight 1.5 kg

polygnathids (linguiform) 8 (30) yield 18/kg

. " simple cones: ' 3 (11)
bars ‘ . 5 (18)
Total 27

Po. pseudofoliatus (3), Po. x. ensensis (2), Po. cf. 1. alveolus (1),

Po. 1. linguiformis (4), Po. 1. subsp. a (1), Po. 1. subsp. indet.

(2), Po. sp. indet. (6); Belodella sp. (2), Neopanderodus sp. (1);
01, Al, A2; CAI 6-7 |
Other microfauna- white spheres.
RB-14 (5X9347864807): lithology as RB-13
Conodonts: polygnathids (lanceolate) 4 (24) weight 1.5 kg

polygnathids (linguiform) 4 (24) yield 11/kg

simple cones | 1 (6)
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bars ~. 8 (48)
Total 17
Po. x. ensensis (2), Po. 1. linguiformis (2), Po. 1. subsp. a (1),

Po. 1. subsp. indet. (1),vPo. sp. indet. (2); Belodella sp. (1);

01, A1, A2, Bl; CAI 6-7.

RB-15, 17-19 from fault block of pale-med grey-pink, pale weathering, often

micritic, massive lst at southern end of Redgate Beach; contains fauna of
occasional stromatoporoids, branching tabulates and solitary Rugosa (Walls
Hill Lst); Bg:lé from red, fine grained calcareous infilling in the massive
1st

RB-15 (SX9353564731). Conodonts: none; weight 0.5 kg.

RB-16 (SX9354964730),. Conodonts:.none; wéight 1.5 kg.

RB-17 (SX9356564724). Conodonts: none; welght 1 ke. -
RB-18 (SX9356464713). Conodonts: none; weight 0.5 kg.

RB—ld (SX9354364715). Conodonts: none; weight 1.5 kg.

Long Quarry Point (SX937650, Text-fig. 6; Walls Hill Lst)

x

1G-1-13 from pale-med grey, white weatherlng, massive lst; contains fauna of
stromatoporoids (including tabular, laminar, conical, rounded and encrusting
forms), with assoclated tabulate corals, solitary and massive Rugosa, and
occasional bryozoa and brachiopods; matrix Qariably bioclastic, crinoidal or
micritic, with some spar-filled cavitles; see Scrutton 1977b, p.172, 1978a,
p.37 for detalls 6f,macrofauna and individual subfacies
1G-1 (SX9366265045, Subfacies i sensu Scrutton 1978a): pale-med grey-pink, med
grained crinoidal 1st
Conodonts: none; weight 0.5 kg.
gg:g (8X9370065021, Subfacies i): med grey-pink, coarsely crinoidal 1st

with sparry areas
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Conodonts: bars (A1) f; weight 1 kg; yield 1/kg
Other microfé,una: crinoid ossicles
1G-3 (SX9373865030, :"Subfacies 1): pale-med grey, med grained lst
Conodonts: polygna.thids (lanceolate) 1 (50) weight 0.5 kg
polygnathids (linguiform) 1 (50) yield 4/kg

Total 2

 Po. aff. pseudofoliatus (1), Po. 1. alvieolus (1); CAI 7.
LG-4 (SX9374265033, Subfacies 1i): 1lithology as IG-1
Conodonts: polygnathids (lanceolaté“) 3 (75) weight 1.5 kg
simple cones | ‘1f(25) yield 3/kg

—

Total 4

Po. cf. c. costatus (1), Po. pseudofoliatus (1), Po. sp. indet. (1);
Belodella sp. (1); CAI 7-8, |
IG-5 (SX9374665.(A)44,‘ Subfacies 1): med grey, coarsely bioclastic 1st with
sparry pafches ‘/ j
-Conodonts: polygnathids (lanceolate) 6 (46) weight 2:25 ke
polygnathids (linguiform) 3 (23) yield 6/kg
bars : b (31)

. ‘ - Total 13

Po. pseudofoliatus (2), Po. aff. pseudofoliatus (2), Po. 1. linguifornis

(3), Po. sp. indet. (2); A1, A2, A3; CAI 7.
1G-6 (SX93811>65_070, Subfacies 1): med grey, finely crinoidal 1lst
Conodonts: polygnathids (lanceolate) 3 (50) weight 1 kg
' polygnathids (linguiform) 1 (17) yield 6/ke
icriodids | 2 (33)
Total_é— |
Po. x. enéensis (2), Po. aff. x. xylus (1),.39. 1. linguiformis (1);
I. expansus group (2); CAI 7 |

Other microfauna: silicified internal casts of ?Tostracods.
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-7 (SX9380765082, Subfacies 1): pale grey-pink, mottled lst with fine_a

r———

crinoidal debris and coarse sparry patches

Conodonts: polygnathids (lanceolate) 1 (25) welght 1 kg

81mple cones o 1 (25) yield 4/kg
bars 2 (50)
Total 4

Po. cf. c. costatus (1); AL, A2; CAI 6}7
-~ Other ﬁicrofauna: crinoid ossiclés.<
1G-8 (SX9378365086, Subfaqiés it): v pai;“grey—pink, fine-med grained,

crinoidal 1lst | ” |

Conodonts: polygnathids (lanceblaté) 2 (29) weight 1.5 kg

o polygnathids (linguiform) 1 (14) yield 5/kg
bars , o L (57)
| - Total 7

Po. pseudofoliatus (2) Po. 1. llngulformls (1); o1, A1, Bl; CAI 7.

1G- 9 (SX9375065115, Subfacies 1i): lithology as 1G-8
Conodonts: none; weight 0.5 kg.

1G6-10 (SX9371165130, Subfacies ii): pale greyfpink, coarsely crinoidal lst
Conodonts: none; weight 0.5 kg.

IG-11 (8X9369865149, Subfacies iii): v pale grey, micritic lst
Conodonts: none; weight 1.5 kg |
Other microfauna: corals, bryozoa.'

1G-12 (SX9365965173, Subfacies iv): pale-med grey, micritlc 1st
Conodonts: polygﬁathids (linguiform) 1; weight 0.5 ke; yleld 2/kg
Po. 1. alveolus (1); CAL 7. o |

1G-13 (SX9359065179, Subfacies iv): ‘li’thology as 1G-12

Conodonts: none; weight 1 kg.
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Babbacombe Road (SX93196475-93016508, Text-fig. 7a; Wall Hill Lst)

Section I (measured by northbound side of road)

165n
13"

6ou

47"
35on

135"

grey-red shaly lst
red, calcareous, crinoidal shale with occasional thin (c.2") grey 1lst

bands :

grey-red, shaly, crinoidal lst with occasional small solitary Rugosa

calcareous shale with thin lst bands, as 13" unit above

med grey, palé weathering, massive lst to ground (pavement) leQel,
becoming poorly bedded between 80" and 160" below top of unit; contalns
laminar stromatoporoids and éolitary Rugosa in crincidal matrix, with
rounded stromatoporoids towards top of unit. EE:E at 290-300" below

top of unit

Section II (measured by- southbound side of road)

grey-red, shaly crinoidal 1lst with occasional thin 1st bands. BR-4

. from shaly lst in basal 3" of unit, BR-5 from thin (1-11"), grey lst band

72"

3_4n
28u

95"

at 90" above base

red, calcarebus, locally crinoidél shale with thin, often impersistent
1st bands _ | | | ’

grey crinoidal l1lst with small solitary Rugosa

red, calcareous, locally crinoidal shale

med grey, pale weathering, often crinqidal, massive 1lst to fault at

ground (pavement) level, showing poor bedding in lower half of unit;

- contains laminar strﬁmatoporoids and solitary Rugosa, with rounded

stromatoporoids towards top of unit. BR-2 at 75-80" below top of unit,

BR-3 from top 6"

BR-1. Conodonts: polygnathids (linguiform) 3 (60) weight 1 kg

bars 2 (20) yield 5/kg

Total 5

Po. 1. linguiformis (3); Al, Bl; CAI 7.
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BR-2. Conodonts: bars 1; weight 1 kg; yield 1/kg.

BR-3. Conodonts: polygnathids (1linguiform) 3 (23) weight 1 kg

T .
icriodids 3 (23) yield 13/kg
bars . _ 7 (54) |
| Total 13

Po. 1. linguiformis (3); I. expansus group (1),_{. sp. indet. (2);
Al, A2, Bl, B3; CAI 6-7
Other microfauna: silicified internal casts of ?ostracods

BR-4. Conodonts: none; weight 0.5 kg.

BR-5.  Conodonts: none; weight 1 kg.

BR-6-9 from pale grey—pink, white weathering, massive 1lst in disused quarries

on Babbacombe Road; cohtains fauna of stromatoporoids (laminar and small
conical coenostea) and abundant tabulate and rugose corals (e.g. Thamnopora,

Heliolites, Alveolites) in a sometimes coarse crinoidal matrix; Walls Hill

Let, Subfacies 11-111 sensu Scrutton 1978a
BR-6 (SX9324864961).

Conodonts: polyghathids‘(linguiform) 1 (33) weight 0.5 kg
bars  2(67) yield b/ke

| TbtalT;

Po. 1. subsp. indet. (1); Al; CAT 6-7.
BR-7 (5X9325564972). |

Conodonts: polygnathids (linguiform) 1; weight 0.5 kg; yleld 2/kg

Po. 1. linguiformis? (1)

Other microfauna: corals.
EB:?_(SX9323365061). ‘Conodonts: bars (A1) 1; weight 1 kg; yield 1/kg
Other microfaunaz-érinoid ossicles.
BR-9 (SX9301065078) .
Conodonts: polygnathids (linguiform) 3 (21) weight 1.5 kg
icriodids 1 (7) yield 9/kg
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_ bars - : - 10 (72)
Total 14

Po. 1. linguiformis (1), Po. 1. subsp. a (1), Po. 1. subsp. b (1); I. aff.

obliguimarginatus (1); A1, A2, B, B3; CAI 6-7.

Other microfauna: white spheres; ostracods.

[

Withy Point (8X93176548, Text-fig. 7a; Walls Hill Lst)

WP-1 (SX9315965459): pale-med grey, v fine grained, flinty lst

Conodonts: none; weight 0.5 kg.

New Quarry (SX933653, Text-fig. 7a; Walls Hill Lst)

Section I

190" pale-med‘grey, fine grainéd, brecciated, massive lst with reddened
?dolomitised patches and skins; fauna of tabulate corals (mainly
massive forms, including Alveolites) and solitary Rugosa, with

Aﬁphipora at 25" above base of unit. NQ-3 at 120-130" above base

240" pale-med grey, fine grained, brecciated, massive lst with reddened
?dolomitised patches and skins, to sea level; fauna of massive tabulate
and colonial rugosé corals’(including Hexagonaria); becoming most
abundant towards top of unit. E@:l at 110-120" below taop of unit,

NQ-2 from top 6" of unit

Section II (measured along fault gully)
6611

20" ) med grey-red, biloclastic and crinoidal, sometimes shaly |

71 "
Zou

§

Low § lsts. NQ-5 from finely crinoidal and bioclastic area in
) basal 6" of 71" bed, NQ-6 from coarsely crinoidal area in
) _
)

top 10" of 66" bed
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45" med grey—réd, bioclastic and crinoidal 1st, becoming less shaly than

above. ~ NQ-4 .from top 10"

B
32" ) med grey-red, sometimes coarse,
) , , o

81" ) bioclastic and crinoidal lsts
9%u) .

80" badly weatheréd, poorly exposed lsts to ground level, to fault

NQ-1. Conodonts: none; weight 1.5 kg.
gg:g. Conodonts:polygnathids (lanceola?e, Sp. indet.) 1; wt 1.5 kg; yid 1/kg.
gg:z. Conodénts: none; weight 1.5 kg.
NQ-4. Conodonts: bars 1; weight 0.5 kg; yield 2/kg
Other microfauna: crinoid ossicles.

NQ-5. Conodonts: polygnathids (lanceolate) 1 ( 6) weight 1 kg

polygnathids (linguiform) 2 (12) yield 17/kg

icriodids -1 .(6)

i spathognathodids 1 ( 6)

bars 12 (72)
Total I;

Po. pseudofoliatus (1), Po. 1. linguiformis (2); I. aff. obliqui-

‘marginatus (1); Tortodus sp. (1); 01, Bl; CAI 6-7.

NQ-6. ‘Conodonts:'bars (B1) 2; weight 0,5 kg; yield 4/kg.

Bishop's Walk (SX93566454, Text-fig. 6; Walls Hill ILst)

Sectlon

7
18"
13"
19"

20"

pale-med grey, pale weathering, massive, micritic lsts |

with occasional pink ?dolomitised areas.

N e e P e

84" poor exposure
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18" ) pale-med grey, massive micritic lsts, as above, to ground

43" ) (path) level. BW-1 f£om top 6" of 18" bed

BW-1. Conodonts: none; weight 1.5 kg.

Ashton Terrace (SX93346411, Text-fig. 7b; Walls Hill Lst)

Section
45" ) med grey, pale weathering, massive, micritic

4O" ) 1sts - reddened and brecciated

281! ;
35" g med grey, pale weathering, micritic lsts with
42" ) sparse, thin, laminar stromatoporoids.
)
17" ; 1 from basal 4" of 32" bed
23" )
)
32" )

So" med grey, pale weathering, massive, micritic, rubbly-looking lst to

ground (pavement) level

AT-1, Conodonts: nonej weight 1.5 kg.

Kent's Cavern (SX93426421, Text-fig. 7b; Walls Hill Lst)

3
Section (measured in car park)

20" (approx) massive 1sts to top of cliff

Byn med grey, pale weathering, massive, micritic lst with sparse laminar

stromatoporoids
shale pafting
8" med grey, pale weathering, micritic 1lst

1" shale parting \



73" ) med grey, pale weathering, massiVe,“micritic 1sts to ground
62" g level; contain sparse, laminar stromatoporoids. KC-1 from

80" % basgl 10"‘of 73" bed,‘from slightly reddened, ?dolémitised

La" g area

KC-1. Conodonts: ﬁone; welght 0.5 kg.

[

7

Ilsham Marine Drive (SX93746403, Text-fig. 7c; Walls Hill Lst)

Section

10° (approx) med grey-red shaly lst with laminar stromatoporoids

15' (approx) med grey, massive, micritic lst with much brecciation and
reddening; contains laminar stromatoporoids, with small solitary

Rugosa at top of unit. IM-2 at 12'-12' 6" above base of unit

30' (approx) med grey, pale weathering, massive, micritic lst with small
'amplitude styldlites and laminar stromatoporoids. IM-1 at 10'-10' 6"

above base of section

IM-1. Conodonts: none; weight 1 kg.

IM-2, Cénodonts: none; weight 0.5 kg.

Anstey's Cove (SX935646, Text-fig. 6)

AC-1 (SX9354864688): from deep red-grey, fine grained lst horizon in deep
red shales with assoclated tuffs

Conodonts: none; weight 1.5 kg.
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‘Area 3

Parkfield Road-Teignmouth Road (SX909650-910657, Text—fig.v8)
C

Section T

(developed iﬁ shaly lsts with thin 1lst bands; fauna of thin laminar
stromatoporoids and massive and branching tabulate corals (eég. Alveolites,
Thamnopora.) in'a.cfinoidallmatrix; fauna is'most abundant in the 1lst bands,
and tends to be more ecattered in the shaly lsts)

20" (approx) inaccessible shaly lsts anqﬁlsts, as below, to top of cliff
" med—dark grey 1lst |
58" med-dark grey-pink shaly lst
8L med-dark grey lst
41" med-dark grey-pink shaly lst
74" medidark ggey 1st

136 med—daik grey-pink shaly 1st

9" med-dark grey lst

79" med-dark grey-pink shaly lst to ground level. PF-1 at 65-70" above base

of section, from fine-med grained crinoidal area

Section. II

‘(lithelogies and macrofaunas as in Section.I)

20' (approx) inaccessibie shaly lsts and lsts, as below; to top of cliff
9" med-dark grey lst |

18" med-dark grey-pink shaly lst

10" med-dark grey lst: PF-3

30" med-dark grey-pink shaly lst

7" med-dark grey lst

160" med-dark grey-pink shaly lst to ground level. Egig from fine-med

grained area at 130-135" above base of sectlon

~ Pr-1. Conodonts: none; weight 0.5 kg.
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'PF-2. Conodonts: polygnathids (lanceolate) 1 (33) weight 0.5 kg

bars | 2 (67) yield 6/kg

N

. Total 3
- Po. sp. indet. (1); Bl; CAI 5-6.

EE:§.  Cohodonts: bars (B2) 2; weight 0.5 kg; yleld 4/kg.

Pr-4 (SX9'O.96165288"): med-dark grey—pink, fine grained, crinoidal shaly l1st
with thin laminar stromatoporoids | |
Conodonts- none; welght 0.5 kg.

PF-5 (SX9094865331) med-dark grey-red, med grained, massive lst with sparse
laminar stromatoporoids and corals

Conodonts- polygnathlds (lanceolate) 5 (50) weight 1.5 kg

polygnathids (linguiform) 1 (10) yield 7/kg

simple cones - 1 (10)
bars | | 3 (30)
| | Total 10

Po. pseudofoliatus (3), Po. 1. linguiformis (1), Po. sp. indet. (2);

Neopanderodus (1); Bl; CAI 7.

PF-6 (SX9095065338): med grey, coarse grained 1lst, with some crinoidal debris
and a few solitary rugose corals

Conodonts: polygnathids (lanceolate) 1 (iu) weight 2.5 kg

~ simple cones ' 2 (29) yield 3/ke
spathognathodids 1 (1k)
bars 3 (43)
Total 7

Po. sp. indet. (1); Belodella sp. (2); 0. brevis (1); Al, Bl; CAI 6
Other microfauna: white spheres.

PP-7 (8X9094665390): med grey—red,bmed—coarse grained; crinoidal shaly lst

4

Conodonts: none; weight 0.5 kg.A

o0}

PF-8 (SX9094565392): med grey-pink, med grained crinoidal shaly lst with
sparse solitary rugose corals ' i

Conodonts: none; weight 0.5 kg.
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>PF-9 (SX9094165406)§ med-dark grey-red, med grained crinoidal shaly lst
with a few laminar étrdmafoporoids and branching tabulates

( .
Conodonts: polygnathids (lanceolate) 2 (14) weight 0.5 kg

icriodlds 5 (36) yield 28/ke
simple cones S 1(7) .
’bars : -6 (43)

Total 1

'

Po. pseudofoliatus (2)s I. arkonensis (3), I. expansus group (1),

I. sp. indet. (1); Belodella sp. (1); O1, Al, B1; CAT 6-7.

EE:&Q (8X9093665408) : pale-med grey, pale wéathering,.massiﬁe 1st with
broken»strbmafoporoids and a few solitary rugose corals in a partly
crinoidal matrix |

Conodonts: none; weight 1 kg.

TR-1 (SX9098065492): med grey-pink, bedded 1lst with massive and branching

tabulate corals (e.g. Alveolites, Thamnopora) and solitary Rugosa

in a crinoidal matrix
Conodonts: icriodids 1 (25) welght 1 kg
vars 3 (75) yield 4/kg
Total-z |
- I. expansus group (1); o1, Al; Bé} CAI 6-7.
TR-2 (SX9110665560): med grey, med grained, crinoidal and bioclastic,
shaly 1st
Coﬁodbnts:'polyénathids (lanceolate) 7 (58) weight 0.5 kg
| bars | 5 (42) yield 24/kg
Total IE

Po. 1. linguiformis (7); O1, A2, Bl; CAI 6-7.

TR-3 (SX9109565650): pale-med grey, pale weathering, massive, micritic 1st
Conodonts: none; weight O.?S'kg '
TR-U4 (SX9106665687): lithology as TR-3, with sparse broken stromatoporoids

and patches of fine crinoidal debris
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Coﬁodonts: none; weight 0.75 kg
Other microféung; crinoid ossicles; pyritised endichnial burrow
infillings. |

TR-5 (SX9106065778): \iithology as TR-3

Conodonts: none; weight 0.5 kg.

St James Road (SX912650, Text-fig. 8a)

Section

Developed in Ce 50"med—dark grey—red, med4§oarse grained, bioclastic and
crinoidal, massive lsts, with frequent localised concentrations of'rolled,
rounded and bun-shaped stromatoporoids, branching and massive tabulate corals

(e.g. Thamnopora, Alveolites)'and>solitary Rugosa; less fossiliferous areas

appear paler géey in colour. §£:1 from richly fossiliferous area at 4'-4' 6"
above base of section,.§£:§ from coarsely crinoidal,but iess fossiliferous
area at 35'—35'_6" above base of section (base of section at ground level)
5J-1. Conodonts: polygnathids (linguiform) 1 (25) weight 0.5 kg
bars 3 (75) yield 8/ksg
’  Total 4 |
Po. 1. subsp. indet. (1); A1, Bl, B2; CAI 6-7.
SJ-2. Conodonts: poiygnathids (lanceolate) 23 (42) weight 1 kg
polyenathids (linguiform) 19 (35) yield 55/kg

icriodids 1(2)

simple cones N 3(5)

bars 9 (16)
Total 55

Po. timorensis (3), Po. x. ensensis (5), Po. x. xylus (1), Po. aff.
x. xylus (1), Po. varcus group sp. indet. juvenile (1), Po. 1.

linguiformis (19), Po. sp. indet. (12); I. sp. indet. (1) w

sp. (1), Neopanderodus sp. (2); Al, A3, Bl, B2, N; CAI 6-7.
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Other microfauna: white spherés; bryozoa.

Area 4 AT
Castle Road (SX914642, Text-fig. 9)

[

Section (measured by the side of Castle Road)
(developed in pale weathering, bedded lsts with a fauna of stromatoporoids
(laminar, encrusting and broken forms), branching and massive tabulate corals

(e.g. Thamnopora, Alveolites, Heliolitesj; solitary and colonial Rugosa and |

bryozoa with crinoidal debris; fauna is most abundant in the higher parts of
the section (i.e. 51" bed upwards), where some horizons are crowded with

~ stick-like corals aligned parallel to bedding, while tbe lower shaly parts are

Y

less fossiliferous)
15' (approx) inaccessible bedded 1st to top of section
22" med grey-pink 1lst

58" ) med grey and grey-red, massive lsts. CR-4 from top

)
72" g 4" of 58" bed, from area with fine crinoidal debris
)
13" med'grey lst

1"igrey-pink shaly parting
12"
24" ) med grey and grey-pink lsts. CR-3 from basal 6" of

24",; 16" bed, from fine-med grained, grey-pink area
1)_’)' g '
)

16n ‘ :
4o" massive, med grey-red lst with abundant stick-like corals aligned

parallel to bedding
22" med grey lst

Liv med grey-red shaly lst
19" ) med grey-pink lsts with abundant stick-like corals aligned

17" ) parallel to bedding
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1" med grey-red shaly 1st
6" med grey 1lst ¢
26" med grey, iather f{ne grained lst. CR-2 from lower halfiof bgd .
81" med grey lst, redd;ned and shaly in lower part
51 méssive, med grey lst

5n med:grey 1st

2" med grey-red shély 1st
42" med grey lst |
6" med grey-red shaly lst

10" ) med grey lsts

o
21" med grey-red shaly lst
5" med gfey; éinely laminated lst
6" med grey-red shaly lét
6" ‘med grey-red 1lst
12" med grey, finely laminated lst
- 7" med grey-red éhaly lst.
65" poor exposure
29" med grey-red shaly 1lst. CR-1 from top 4", from area with fine
crinoidal debris
. 6" ) med grey
6" )‘lsts
11" med grey-red shaly 1lst .
6" med grey lst
57" med grey-red shaly 1st with thin (1-6") 1st bands
" 9" med grey lst
68" med grey-red shal& 1st with thin (1-3") 1lst bands

9" med grey lst

35" as 68" unit above, to base of section at ground level
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CR-1. Conodonts: polygnathids (lanceolate) 3 (43) weight 0.5 kg

simple cones 3 (43) yield 14/kg
v
bars . ' ; 1 (14)
Total 7

~ Po. x. ensensis (1) Po. varcus group sp. indet. Juvenlle (1), Po. sp.

1ndet (1) Belodella sp. (1), Coelocerodontus sp. (2);,01; CAI 6-7.

.CR-2. Conodonts: po]Tygnathids (lanceola.tej 3 (27) weight 1.5 kg
polygnathids (linguiform) 3 (27)_ yield '7/kg’
bars T 5.e)
Totai?i

Po. timorensis (2), Po. 1. llngulfotmis (3), Po. sp. indet. (1),

Al, B1 B2; CAI 6-7.
VCR—B...,VConodonts: polygnathids (lé,nceola.te) 1 (50) weight 2 kg
bars ' 1 (50) y:Leld 1/kg
Total 2 :
‘Po. sp. indét. (1); B1; CAL 6-7
Other microfauna: white épheres: é:rinoid ossicles.
CR-4. Conodonts: polygnathids (lanceolate) 1 (25) welght 1.5 kg
. - polygnathids (linguiform) 1 (25) yiéld 3/ks
bars o 2 (50)
Total 4

Po. 1. linguiformis (1), Po. sp. indet. (1); Al; CAI 6-7.

L

Stentiford Hill (SX917641, Text-fig. 9)

‘Section I (mea.sui‘ed in old quarry on sou’oh s.ide_ of Stentiford Hill and
along Stentiford Hill Road) :
40—50' (approx) ina.ccessible and overgrown outcrop in old quarry on south
 side of Stentiford Hill, behind Stentiford Hill Road. §_I:I_—2 (SX91758~
64089) from med grey-pink, slightly shaly, crlnoidal 1st close to tof

of section
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600" med grey-red, thin-bedded lsts and shaly lsts (individual beds 2-4"
thick), with scattered laminar and broken stromatoporoids, branching

and massive tabulate corals (E.g._Thamnopora, Heliolites, Alveolites),

solitary and colonial Rugosa and crinoidal debris (highest part of
section along Stentiford Hill Roaé). SH-2 from crinoidal 1st at 180"
below top of unit

LO" no exposure

150" thin-bedded lsts and shaly lsts, as 600" unit above
80" no exposure (steps) | B |
ﬁ60" thin-bedded lsts and shaly’lsts, as GOO"vunit above, becoming iéss
shaly in lowesﬁ 96". §§:1 from coarsely crinoidal, shaly lst at
300-303" below top of unit
40",nolexposure
20" fhin—bed&éd 1sts and shaly lsts, as 600" unit above
60" no exposufe v o | -

80" thin-bedded lsts and shaly 1lsts, as 600" unit above, to base of section

near junction with Alpine Road

Section II (measured in old quarry behind Market Street, on western side of

Stentiford Hill) | |
64" med grey-red, thin-bedded lsts and shaly lsts to top of section at fault;

individual beds 1-3" thick, lsts proper sometimes appearing lenticular;
fauna as in 600" unit in Section I. SH-5 from crinoldal 1lst at 10-12"
above base of unit

4LO" thin-bedded lsts and shaly lsts, as 64" unit above

38" ) rather more massive grey crinoidal 1lsts, with laminar

50" ) and broken stromatoporoids

47" thin-bedded lsts and shaly lsts, as 64" unit above

54" med grey-red, crinoidal lst

6" thin-bedded lsts and shaly lsts, as 64" unit above

20" med grey-red, crinoidal 1st
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8" thin-bedded lsfs and shaly lsts;xés 64" unit above
10" med grey-red, crinoidal 1st
40"-thin—bedded lsts:and shaly lsts, as 64" unit above
5" med greyired crinoidal 1st: éﬂ:&

57" thin-bedded 1lsts and shaly 1sts, as 64" unit above, to base of sectlon

‘at ground level

Section IIT
'8-10"' (approx) thin-bedded lsts and shaly lsts to top of cliff (inaccessible)
88" med grey—red,‘thin—beddéd 1lsts and shaly lsts, as 64" unit in Section
II. SH-7 from shaly lst at 28-30" above base of wait |
L3 thin—bédded 1sts and shaly 1lsts, as above
63" tﬁin—bedded lsﬁs and shaly 1lsts, as above
424.;hin—bedded lsts and shaly lsts, as above. §§:§ from grey crinoldal
lst‘at‘2-5" above base of unit | }
>5" grey lstvband_/\
9%" thin-bedded lsts and shaly lsts, as 88" unit above, to base of section

| at ground level, at fault

SH-1. " Conodonts: polygnathlds (lanceolate) 1 (25) welght 0-5 kg

polygnathids (linguiform) 1 (25) yield 8/kg

bars 2 (50)

o Totalj; ’

Po. 1. subsp. indet. (1), Po. sp. indet..(1); Bl; CAI 6-7.

SH-2, Conodonts: nbne; weight 0.5 kg

SH-3. Cbnodonts: pdlygnathids (linguiform) 1 (33) weight 0.5 kg
_bars | -2 (67) yield 6/kg

ibtalig

Po. 1. linguiformis (1); Al; CAI 6-7

Other microfauna: foraminifera (Psammosphaera).

SH-4. Conodonts: nbne; weight 0.5 kg.
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Conodonts: none; weight 0.5 kg.

SH-5.
§§:§. Conodonts: none; ‘weight 0.5 kg.
SH-7.- Conodoﬁts: simple cones 5 (83) weight 1 kg
bars 1 (17) yield 6/kg
Total —g

R

Belodella sp. (1), Coelocerodontus sp. (3), Panderodus (1); CAI 6-7.

1

Madrepore Road (SX9177639%, Text-fig. 9)-—

Section IV

(short section developed in bedded, bioclastic and sometimes coarsely
crinoidal lsts with several horizons crowded with fossils, while alternating
beds are relatlvely less foss111ferous, the fauna in the richly fossiliferous
bands 1ncludes branching and massive tabulate corals (e g. Thamnopora,

~ Alveolites, Heliolites) and solltary Rugosa, often aligned parallel to

bedding, with occasional colonial Rugosa,(eﬂg. Hexagonaria) and small laminar
and encrusting stromatoporeids;kthe rather less fossiliferous horizons contain
scattered branching and massive tabulates, solitary Rugosa and small
stromatoporoids)

10" richly fossiliferous, pale‘grey'ﬁeathering, med grey. and grey-red lst

15" less fossiliferous; pale grey weathering, med grey and grey-red lst

20" richly fossiliferous lst, as 10" bed above

B 25" less foss1liferous lst as 15" bed above

b-5" richly fossiliferous lst as 10" bed above

27" less fossiliferous 1st, as 15" bed above

6" richly fossiliferous lst, as 10" bed above; fauna includes a large

Hexagonaria colony _
9" less fossiliferous lst, as 15" bed above. MR-1 from med grey-red, v
coarsely crinoidal lower half of unit

10" richiy fossilliferous 1lst, as 10" bed above
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" 141" less fossiliferous 1lst, as 15" bed above
9" richly fossiliferous lst, as 10" bed above

?ﬁ less foséiliferous 1st, as 15" bed above, to base of section

MR-1. Conodonts: polygnathids (lanceolate) 13 (14) weight 1.5 kg

polygnathids (linguiform) 10 (11) yield 63/keg

simple cones - 35 (37)

sﬁaihognathodids . 2(2)

vars B (%) |
a1 31 ’

Po. ansatus (4), Eg.'timorensis (5), Po. x. xylus (i), Po. varcus
group sp. indet. juveniles (2), Po. 1. linguiformis (9), Po. 1.
mucronatus (1), Po. sp. indet. (i); Belodella spp. (28, including

"B. devonicus" and "B. resimus"), Coelocerodontus sp. (2), Neopand- )

~ erodus sp. (5); Sp. planus (2); 01, A1, A2, A3, 02, Bl, B2; CAI 6-7

Other microfauna: white spheres; pyritised foraminifera (Nanicélla)

Waldon Hill (SX915637, Text-fig. 9)

WH-1-6 from maésive, thick and irregularly bedded, med grey-red and grey-pink,

‘pale grey weathering lsts.exposed in a much-faulted section by the‘side of,
and behind, Warren Road (SX91656367-91426393), and in isolated outcrops in
Royal Terrace Gardens (arouﬁd SX915635). The lsts bear an often locally
abundaﬁt fauna of branching and massive tabulate corals (g,gf Thamnopora,

Alveolites, Heliolites), solitary Rugosa and laminar, broken and encrusting

stromatoporoids in a variably fine-coarse bioclastic and crinoidal matrix

WH-1 (SX9154663541)§ med-dark grey-red, med grained bioclastic lst with
white calcite veiniﬁg 7 ‘
Conodonts: polygnathids (lanceolate) 13 (54) weight 0.5 kg

simple cones 1 (4) yleld 48/kg
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bars . . 10 (42)

o Total 24

29. pseudbfoliatus (5)y Po. aff. x. ensensis (3), Po. sp. indet. (5);

Belodella sp. (1); O1, A1, A2, 02, Bl; CAI 6-7.
Other microfauna: whitérspheres.
WH-2 (SX9165463675): med-dark grey-red, éoarsely bioclastic 1st with calcite
- veining o |

Conodonts: polygnathids (lanceolate) 4 (15) weight 0.5 kg

polygnathids (linguiform) 9 (35) yield 52/kg

spathognathodids 1 (4)
bars . ‘ 12 (46)
Total 26

'Po. varcus group Sp. indef..juveniles (&), Po. 1. linguiformis (&), f?.

1. nucronatus (3), ggg-if'subsp. indet. (2); Tortodus sp. (1);‘01,_A1,
A2, Bl; CAI 6-7 | | .
Other‘microfauna{ fish teeth and otherbpossible fish temaihé (spherigal
?denticles). v | |

WH-3 (SX9165063690): med grey—pink; med grained, dolomitised lst with fine
céindidal debris ' | |
Conodonts: polygnathids (lanceﬁiate) 12 (17) weight 0.5 kg

‘polygnathids (linguiform) 29 (¥1) yield 142/kg

icriodids , 15 (21)
bars f 15 (21)
Total 71

Po. aff. ovatinodosus (2), Po. varcus (2), Po. x. xylus (1), Po. 1.

linguiformis (24), Po. 1. linguiformis epsilon morphotype (1), Po. 1.

subsp. indet. (4), Po. sp. indet. -(7); I. expansus group (3), I. aff,

obliguimarginatus (2), I. sp. indet. (10); 01, A1, A2, Bl, B2; CAI 6-7

Other microfauna: white spheres.
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WH-4 (SX9159863750): med grey-pink, med grained bioclastic 1lst

Conodonts: none; weight 0.5 kg.

G
R

(SX9154663827): med grey-pink, fine-med grained sugary-looking lst

Conodonts: none; weight 0.5 kg.

Py '§ \ )

(SX9146163892): med-dark grey-pink, med grained crinoidal ist
>Conodonts= none; weight 0.5 kg.
Area 5 . - .

Lummaton Quarry (SX913665, Text-fig. 10; Walls Hill Lst, Lummaton Shell Bed

Member, Barton Lst)

IM-1-9 from massive,‘péle—med grey, pale weathering, frequently dolomitised

Walls-Hill Lst; fauna of abundant, often large stromatoporoids with scattered
corals (branéhing and massive tabulates, and Ruéqsa)'in an oftenlcrinoidal,
sometimes sparry matrix ;
1M-10-18 from méssive, med grey, partly dolomitised, bloclastic and crinoidal
Barton Lst, with abundant tabulate and rugose corals, some brachlopods and
scattered, small, rounded stromatoporoids. IM-10, 11 from the brachiopod-
dominated, richly fossiliferous lenses of the Lummaton Shell Béd Member, at
the base of the Barton Lst | |
(see Scrutton 1977b, p.173, 174; 1978a, p.39-40 for details of macr@faunas)
E@:&I(SX9131666427)= v pale buff—grey, coarsely crinoidal, dolomitised lst
Conodonts: polygnathids (lanceolate) 1 (20) weight 1.5 kg

polygnathids (linguiform) 2 (40) yleld 3/kg

spathognathodids 1 (20)
bars 1 (20)
Total 5

Po. timorensis (1), Po. 1. linguiformis (1), Po. 1. linguiformis

epsilon morphotype (1); O. brevis (1); CAI 7.
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IM-2 (SX9129866455) pale buff-grey, med grained, dolomitised lst
Conodonts: none; weight 0.5:kg. |

-3 (SX912i266508): lithology as IM-2
Conodonts: péiygnathids (lanceolate) 3.(1Q) weight 1 kg

,polygnathids (linguiform) 4 (14) yield 29/kg

simple cones - 9 (31)

- spathognathodids 1. 3)

: bérs | 12 (41)
| Totii?%g

Po. timorensis (3), fé. 1. linguifoimis (4); Belodella spp. (9,

inéluding "E. devonicus" and "B. triangularis"); 0. brevis (1);

01, A1, A2, Bi; cAI,7-8. | ’ |
Eﬂ:&_(SX9121066512>:'pa1e buff-grey, coarsely crinoidal, dolomitiSed 1st

Conodonts: polygnathids (lanceolate) 1 (14).  weight 0.75 kg

polygnathids (linguiform) 1 (1%4) yield 9/kg

simple cones 3 (43)
bars _ | 2 (29)
TotalT;

‘ié. timorensis (1), Po. 1. linguiformis (1); Belodella spp. (3,
‘including "B. triangularis"); Al, A2; CAI 7-8. '

Eg:é (SX9120866517): pale buff-grey-pink, fine-med gréined, dolomitised lst
Conodonts: polygnathids (lanceolate) 1 (25) welght 0.75 kg

polygnathids (linguiform) 1 (25) yield 6/kg

simple cones -1 (25)
bars : 1 (25)
. Total 4

Po. timorensis (1), Po. 1. linguiformis (1); "B. resimus" (1); B1; CAI 7.

IM-6 (SX9120966521): 1lithology as 1M-5
Conodonts: simple cones 14 (88) weight 0.5 kg’

spathognathodids 1 ( 6) Ayield 32/kg
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bars 1.(6)
“ Total 16
Belodella spp. (13, including "B. devonicus" and "B. triangularis"),

P . ;
Coelocerodontus sp. (1); O. brevis (1); Al; CAI 7-8.

IM-7 (SX9121266529): pale buff-grey, med grained, crinoidal, dolomitised lst
Conodonts: polygnathids (lanceolaté)A 1 (3) weight 1 kg

polygnathids (linguiform) 2 ( 6) yield 36/kg,

simple cones 19 (53)

spathognathodidsv /tf 1 (3)

bars. 13
o Total 36

Po. varcus group sp. indet. juvenile (1), Po. 1. linguiformis (2);
' Belodella spp. (19, including "B. devonicus" and "B. triangularis"); O.

brevis (1); 01, AL, A2, A3, N, Bl; CAI 7-8_

Other microf&und: white spheres.
M-8 (SX9127766514): 1lithology as IM-5
Conodonts: simple cones 2 (67) weight 1.5 kg

bars 1 (33) yield 2/kg

Total 3
Belodella spp. (2, including fgf'reéimus" and “B. triangularis"); Al;
CAI 7. | -
M-9 (SX1921866540); lithology as IM-7
Conodonts: polygﬁathids'(lanceolate) 2 (11) weight 1 kg

polygnathids (linguiform) 4 (22) yield 18/kg

simple cones - b (22)
’spathognathodids" viw( 6)

. bars T > 7 (39)
Total 18 |

Po. timorensis (2), 22. ljilinguiformis (4); Belodella spp. (4, including

fg. resimus" and‘fg. triangularis"); Sp. planus (1); 01, AL, N, Bl; CAT 7
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Other microfauna: abundant whi£e spheres.

IM-10 (5X9122866556): med grey, coarse grained 1st with abundant brachiopods
and cr1n01da1 debris |
Conodonts: polygnathids (lanceolate) 3 ( 9) weight 15 kg

~ polygnathids (linguiform) 4 (13) yield 21/kg '

simple cones 7 (22)

spathégnafhodids 2 (6)

bars 16 (50)
Totai.gg

Po. timorensis (3), Po. 1. linguiformis (4); Belodella spp. (6, including

"B.. triangularis"), Coelocerodontus sp. (1); 0. brevis (1), Sp. planus

(1); 01, A1, A2, B2; CAI 7
- -Other microfauna: v abundant white spheres.
M-11 (SX9126966585)= med grey-buff, coarse graiged,‘partly dolomitised 1st
with abuﬁdant small brachiopods ‘ | |
Conodonts: polygnathids (lanceolate) 8 (29) weight 1.5 kg

polygnathids (linguiform) 3 (11) yield 19/kg

- simple cones 1 (L)
' spathognathodids 1 (4)
bars : ' 15 (53)

Total EE;

Po. ansatus (4), Po. timorensis (4), Po. 1. linguiformis (2), Po. 1.
mucronatus (1); "B. triangularis" (1); 0. brevis (1); 01, A1, A2, A3,
02, B1, B2, B3, N; CAI 7.
IM-12 (SX9122066591): med grey, med-coarse grained, crinoidal and bioclastic 1st
| Conodonts; none; weight 0.5 kg
Other microfauna: white spheres{
3 (SX9129166593): med grey-buff, med grained, partly dolomitised,

crinoidal and bioclastic 1st
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Conodonts: polygnathids‘(linguiform) 2 (18) weight 1.5 kg

simple cones 3 (27) yieid 7/kg
spathégnafhodids -2 (18)
bars 4 (36)
Tota.lz :

Ep. 1. linguiformis (1), Po. cf. 1. linguiformis delta morphotype (1);

Belodella sp..(1),. Coelocerodontus sp. (1), Neopanderodus sp. (1); 0.
brevis (2); A1, A2, N; CAT 7 - |
~ Other microfauna: fish tooth.
M (sx9127o§6604)= med grey-pink, med érained, partly dolomitised lst
with a few smalllbiachiopods
Conodonts: simple cones 3 (60) weight 1.5 kg
bars 2 (40) yield 3/kg
Total 5 .
Belodella, spp. (3, including fgf'resimﬁé"); B1; CAI 7
Other microfauna: whitevspheres.
| IM-15 (SX9122666617): 1ithology as IM-14
Conodonts: polygnathids (lanceolate) 7 (15) weight 0.5 kg

© polygnathids (linguiform) 2 ( 4) yield 92/kg

simpie cones ‘ 31 (67)

spathognathodids 1 (2)

bars . -5 (11)
Total 4

Po. ansatus (3), Po. ansatus? (Po. varcus group juveniles, 2), Po. x.

xylus (2), Po. 1. linguiformis (2); Belodella spp. (29, including "B.

devonicus", "B. resimus", "B. resimus-triangularis"), Coelocerodontus SP.

(2); 0. brevis (1); 01, A1, A2, Bl; CAI (6)-7
Other microfauna: white spheres.

IM-16 (SX9122266634): med grey-buff, v coarse grained, crinoidal and

bioclastic 1st
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Conodonts: polygnathids (lanqgéiate) 2 (11) weight 0.5 kg

polygnathids (lingwiform) 2 (11) yield 38/kg

. sinmple cones 5 (26)
bars’ 10 (52)
Total 19

Po. ansatus (1), Po. varcus group sp. indet. juvenile (1), Po. 1. subsp.

indet. (2); Belodella spp. (2, including "B. devonicus"), Coelocerodontus

sp. (1), Neopanderodus sp. (2); 01, A1, A2, Bi; CAI 6-7.

W-17 (SX9122966655): pale-med grey-buff, fine-med grained, partly
dolomitised 1st _ o '
Conodonts: polygnathids (lanceolate) 4 (13) weight 2 kg

polygnathids (linguiform) 9 (30) yield 15/kg

simple cones 4 (13)
spathognathodids v 1 (‘3)
bars o : 12‘(46)

| ‘Total 30

Po, aff;_ovatinodosus (1). Po. varcus group sp. indet. juvenile (1), Po.

1. linguiformis (8), Po. 1. linguiformis epsilon morphotype (1), Po. sp.

'indet.(z); Belodella spp. (4, including "B. devonicus"); §§-,£1322§v(1);
01, A1, A2, 02, B, B2, N; CAI 6-7. o
IM-18 (SX9129666643): med-dark grey-pink, med-coarse-grained, crinoidal and
bioclastic, partly dolomitised 1st . |
_Conodonts: polygnatﬁids (lanceolate) 12 (29) weight 1‘k€

polygnathids (linguiform) 2 ( 5) yleld 42/kg

simple cones 9 (21)

.  spathognathodids- S 4 (10)

* bars ‘ l 15 (36)
Total 42

Po. ansatus (1), Po. timorensis (1), Po. varcus? (4), Po. varcus group

sp. indet. juveniles (6), Po. 1. linguiformis (2); Belodella spp. (6,
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.including "B. devonicus" and "B. triangularis"), Coelocerodontus sp.

(1), Neopanderodusbép. (2); 0. brevis (3), Sp. planus (1); 01, A1, A2,
N, Bl, B2; CAI 7-8

Other microfauna: white'spheres.

!

Trumlands Quarry (SX91516628, Text-fig. 8c)

Section (measured in disused and largely overgrown quarry)
(section comprises thick-bedded, partly dolomitised, sometimes shaly lsts
with a fauna of branching and massive tabulate corals (g.g. Thamnopora,

Alveolites, Heliolites), solitary Rugosa and occasional small laminar

stromatoporoids; corals may be locally abundant)
10" (approx) poorly exposed, thick-bedded 1lsts to top of section
35" ) fairly massive, med gréy—red, fossiliferous lsts with abundant

31" ) stick-like corals aligned parallel to bedding in 37" bed.

37" § TL-3 from fine grained, dolomitised, basal 4" of 4O" bed
Lo )
35" ; med grey-red, fossiliferous lsts; 35" bed

)

26" ) becomes shaly towards the base

/\i" grey-red shale |

12" ) med grey-red, fossiliferous lsts with

20" ) thin shaly partinés‘ |

20' (approx) podr; overgrown expoéure

18" ) med grey-red, fossiliferousvlsts with thin shaly partings. TL-2

25" ) from fine grained, partly dolomitised top 6" of 25" bed

30" ; med grey-red fossiliferous lsts; 45" bed
45"") becomes shaly towards the base
30" (approx) poor, overgrown exposure to base of section at ground level.

T1-1 from med grey-red, fine-med grained lst at SX9152366268, close to

base of section
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~

TL-1. Conodonts: simple cones 1 (17) weight 0.5 kg
bars 5 (83) yield 12/kg
Total 6

Neopanderodus sp. (1); A1, BL, B2, N; CAI 7.

TL-2. Conodonts: polygnathids (lanceolate) 1 (11) weight 0.75 kg

polygnathids (linguiform) 3 (33) yield 12/kg

simple cones 2 (22)
bars _ ' 3 (11)
Total 9

Po. timorensis (1), Po. 1. linguiformis (3);»Cdelocerodontus sp. (2);

Al, Bl; CAI 7. » |
TL-3. Conodonts: polygnathids (lanceolate) 8 ( 8) weight 1 kg .
| polygnathids (iinguiform) 5 (24) yield 21/kg
. bars _ 8 (38)‘
- o= - Total ;;\4
Po. timorensis (3), Po. x. xylus (1), Po. 1. linguiformis (5), Fo.

sp. indet. (4); Al, Bl, N; CAI 6-7.

*

Area 6

‘Barton Quarry (SX912671, Text-fig. 11; Barton Lst)

BQ-1-32, MH~-1, 2 from massive, med grey, partly dolomitise@, bioclastic and

crinoidal Barton Lst; fauna of abundant corals (branching and massive
tabulétes, solitary aﬁd coionial Ruéosa), with small scattered stromatopor-
dids and, only rarely, other fossil groups.such as goniatites and brachio-
pods; see Scrutton i977b, p;l?h, 1978a, p.40 for details of macrofauna
wtgg:l (8X9124667078) : med grey-pink, coarse grained, bioclaétic lsﬁ with
areas of fecrystallised éalcite |

Conodonts: polygnathids (lanceolate) 12 (43) weight 2.5 kg

polygnathids (broad-plat) 2 ( 7) yleld 1i/kg
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schmidtognathids W%iu_ O ¢ 4)’

icriodids; ' 1 (%)

bars ) 12 (43)
/ Total ;g

- Po. cristatus (2), Po. dubius (1), Po. ovatinodosus (2), Po. sp. indet.

(9); Sch. wittekindti (1); I. latecarinatus (1); O1, A2, 02, Bi, B2;
CAT 6-7 | |
Other microfauna: sponge spicules;
BQ-2 (sx9124967683)= ned~darker grey, mottled, coarse grained bloclastic
1st, with Bands of reérystéllised éélcite‘
Conddénts: polygnathids (lanéeolate) 8 (21) welight 1.5 kg
polygnathids (broad-plat) 1 ( 3) yield 25/Rg
bars e 29 (76) |
| | Total 38 |
Po. cristatus (1), Po. aff. dubius (4), Po. sp. in@et; (4); Of, AL, A2,
" A3, 02, B1, B2, N; CAI 6-7. | K
BQ-3 (SX9125267087): from band of deep brick-red, fine grained, compact
dolomite
’Conodonts: none; weight 0;5 kg.
EQ:E_(SX9125967112): med grey-deep pink, fine-med grained bioclastic 1lst -

Conodonts: polygnathids (lanceolate) 10 (50) weight 0.75 kg

simple cones -1 (5) yield 27/kg
bars ‘ 9 (45)

Total 20
Po. dublus (1), Po. aff. dubius (3), Po. sp. indet. (6); O1, AL, B1, Bé,
B3; CAL 6-7.
BQ-5 (SX9125167159): med-pale grey-pink, mottled, med-coarse grained,
bioclastic 1st

Conodonts: polygnathids (lanceolate) 15 (72) welght 0.5 kg
bars | L6 (28) yleld k2/ke

Total 21
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~

Po. aff, m (7), Po. sﬁ.',.ir;det. (8); o1, A1, A2; CAI 647,
E@ié (SX9124667168) s from irregular area of v deep red, fine grained
dolomite o | |
_C&nodonts:vnone; weight 0.5 kg
BQ-7 (SX912426?174): pale-med grey-pink, coarse grained bioclastic 1st

C

Conodonts: polygnathids (lanceolate) 7 (70) weight 1 kg

schmidtognathids 1 (10) yield 10/kg
bars : 2 (20)
Total 10

Po. aff. dubius (1), Po. ovatinoddéus (1), Po. sp. indet. (5); Sch. sp.
indet. (1); Al; CAI 6. |
BQ-8 (8X9123767186): med brownish-grey, coarse grained bloclastic 1st
-~ Conodonts: icriodids 1; weight 0.5 kg; yield 2/kg
I. exp;nsus group (1); CAI 6. y
-BQ-9 (§X912366719i)= hgd grey-pink, coarse grained, bioclastic, partly
dolomitised 1st -

Conodonts:ﬁpolygnathids (lanceolate) 4 (50) weight 1 kg

schmidtognathids 1 (13) yield 8/kg
' bars 3(38)
Total 8

Po. aff. dublus (2), Po. sp. indet. (2); Sch.? aff. gracilis (1); |

Al, B1; CAI 6-7. | |
BQ-10 (8X9128267179)1 med-dark brownish-grey, coarse grained, bloclastic

1st, with pink dolomitised veins and patches

Conodonts: polygnathids (lanceolate) 9 (43) ﬁeight 1 kg

polygnathids (1linguiform) 1 ( 5) yleld 21/kg

schmidtognathodids 1 (5)
simple cones 1 ( 5)
bars ' 9 (43)

Total 21
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N

Po. aff. dubius (1), Po. ovatinodosus (2), Po. 1. subsp. indet. (1),
29} sp. indet. (6); égg. SD. indet. (1); Belodella‘sp. (1); Al, N, B1,
B2, B3; CAI 6-7 {
Othervmicrofaunaz white spheres.

BQ-11 (SX9128867178): med grey-buff-pink, coarse grained, bibclastic,
partly dolomitised 1st |

Conodonts: polygnathids (lanceolate) 9 (31) weight 0.5 kg

schnidtognathids 2 (7) yield 58/ke
spathognathodids o 2(7) |
bars 16 (55)

Total'gg

. »Po. ovatinodosus (1), Po. sp. indet. (8); Sch. peracutus (1), Sch.

 pletzneri (1); 0. brevis (2); 01, A1, A2, A3, N; CAI 6
Other microfauna: white spheres.
- BQ-12 (SX9128867170): lithology as BQ-11

Conodonts: polygnathids (lanceolate) 5 (50) weight 0.75 kg

spathognafhodids 1 (10) yield 13/kg
bars : . 4 (40)
Total 10

Po. aff. dubius (1), Po. ovatinodosus (1), Po. sp. indet. (3); O.
brevis (1); A1, B1, B2; CAI 6-7.
BQ-13 (5X9129367168): med brownish-grey, coarse grained, bloclastic lst

Conodonts: polygnathids (lanceolate) 12 (35) welght 2 kg

schmidtognathids 2 (6) yleld 17/kg
simple cones 2 ( 6)
bars ' 18 (53)

Total ;;_

Po. dublus (1), Po. ovatinodosus (8), Po. x. xylus (1), Po. sp. indet.

(2); sch. peracutus (1), Sch. sp. indet. (1); Belodella sp. (2); A1,
A2, N, 02, Bl, B2, B3; CAI 6

Other microfauna: fish tooth; brown phosphatic pellets.
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BQ-14 (SX9129467164): med-dark grey,‘méd—coarse grained, bloclastic 1lst
| Conodonts: pol:lygna.thid's (lanceolate) 7 (50) weight 0.5 kg‘
' bars 7 (50) yield 28/kg
Total 1_4-
Po. dubius (1), Po. aff. webbi (1), Po. sp. indet. (5); A1, A2, 02,
B1, B2; CAI 6-7.
BQ-15 (SX9129167161): med grey—pink; fine-med grained, partly dolomitised,
bloclastic 1st
Conodonts: polygnathids (lanceolate) 4 (36) weight 1 kg
bars ~ ﬁ'7 (64) yield 11/kg
) Total II
Po. aff. dubius (1), Po. x. xylus (1), Po. sp. indet. (2); Al, A2, N,
B, B3, N; CAI 6-7
Other miérofauna: whife spheres.
BQ-16 (SX9129467159): 1ithology as BQ-15
Conodonts: polygnathids (lanceolate) 14 (52) weight 0.5 kg

icriodids T 1 (4) yield 54/kg
simple cones 1 (4
: bars 11 (M)
Total ;;

Po. dublus (1), Po. aff. dubius (5), Po. sp. indet. (8); I. sp. indet.
(1); ﬁelodella sp. (1); ot, A1, A2, N, B1, B2, B3; CAI 6-7. |
BQ-17 (SX9129267151)¢ 1ithology as BQ-14 - '
Conodonts: polygnathlds (ianceolate) 2 (67) weight 1 kg
bars | 1 (33) yield 3/kg

e

‘ Total 3
P_b. sp. indet. (2); B1; CAI 6-7.
BQ-18 (SX9129867149): med brownish-grey, fine-med grained, partly

dolomitised, bloclastic 1lst



_369_

Conodonts: polygnathids (lanceolate) 49 (44) weight 1.5 kg

polygnathids (broad-plat) 2 ( 2) yield 73/ke

schmidtognathids 9 (8)

ancyrodellids | 1( 1)

icﬁoﬁds'> - 1 (1)

simple cones ) 3(3)

sp#thognathodids 1 (1)

bars L4 (40)
Total IIE

Po. a. ovalis (1), Po. cristatus (1), Po. aff. dubius (11), Po.

ovatinodosus (15), Po. sp. indet. (23); Sch. aff. hermanni (7), Sch.

peracutus (1), Sch. pietzneri (1); A. r. rotundiloba (1); I. latecarin-

-atus (1); O. s. sannemanni (1); Belodella sp. (3); 01, A1, A2, A3, N,
02, BL, B2, N; CAI 6-7 g |
Otherimicrofauna: foraminifera (Rheophax); abundént pyritic material,
including py@itiéed endichnial burrow infillings.
BQ-19 (SX9130267151): med grey-pink, med-coarse grained, partly dolomitised
bioclastic 1st |
' Conodonts: polygnathids (lénceolate) 7 (70) weight 0.5 kg
bars o 3 (30) yield 20/kg
- Total 10
Po. aff. dubius (2), Po. ovatinodosus (3), Po. sp. indet. (2); A1, B1,
B2; CAI 6-7. |
BQ-20 (SX9130467152) s litholégy as BQ-19

. Conodonts: polygnathids (lanceolate) 11 (55) weight 1 kg

icriodids - 1 (5) yleld 20/kg
bars _ 8 (40)
Total 20

Po. dubius (1), Po. aff. dublus (1), Po. ovatinodosus (3), Po. sp.

indet. (6)} I. expansus group (1); A1, A2, Bl, B2; CAI 6-7.
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BQ-21 (sx913o967154) lithology as BQ-19

Conodonts: polygnathids (lanceolate) 2 (14) weight 1.5 kg

icriodids 2 (14) yield 9/kg
nothognathellids 1 (7)
bars : 9 (65)

Total m

Po. sp. indet. (2);15. sp. indet. (2); 01 (nothognathellid), A1, A3,
N; CAI 6.
BQ-22 (SX913C767148): pale-med grey-buff, coarsely criﬁoidal 1st with
some dolomitisation |
Conodonts: polygnathids (lanceolate) 20 (71) weight 1.5 kg
bars : 8 (29) yield 19/kg
Total 28

Po. dublus (3), Po. aff. dublus (3), Po. ovatinodosus (3), Po. X.

" xylus (3), Po. sp. indet. (8); O1, A1, BL, B3, N; CAI 6-7.
BQ-=23 (SX9130767144): pale-med grey-pink, med grained, partly dolomitised
bloclastic 1st

Conodonts: polygnathids (lanceoclate) 21 (49) weight 0.5 kg

- . schmidtognathids 1 (2) yleld 86/kg
feriodids ' 2 (5)
spathognathodids 1(2)
bars - 18 (42)

Total 43

Po. aff. dublus (4), Po. ovatinodosus (7), Po. Xx. xylus (2), Po. sp.

indet. (8); Sch. sp. indet. (1); I. sp. indet. (2); O. s. sannemanni
(1); oi, A1, A2, B1, B2; CAI 6-7
Other microfauna: white spheres
BQ-24 (SX9130467139): 1ithology as BQ-23
Conodonts: polygnathids (lanceolate) 2 (18) weight 0.5 kg

icriodids ' 3 (27) yield 11/kg
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bars ‘ ~ 6 (55)
¥ Total 11
Po. aff. webbi (1), Po. sp. indet. (1);.1. expansus group (2);;5.

latecarinatus (1); 01, A1, A2, Bl; CAI 6-7.

BQ-25 (SX9129867126): med brownish-grey, coarse grained lst
.Conodonts: icriodids 1; weight 1 kg; yield 1/kg
I. expansus group (1); CAI 6-7.

BQ-26 (SX9129367116): med-dark grey-pink, med-coarse grained, partly
dolomitised, crinoidal and bioclastic lst
Coﬁodonts: polygnathids (lanceolaté) 16 (35) wéight’2-75 kg

polygnathids (broad-plat) 3 ( 7) yield 13/kg

schmidtognathids 4 (9)
bars .22 (49)
"Total 45

Po. asymmetricus subsp. indet. (2), Po. cristatus (1), Po. dublus (4),

Po. aff. dubius (3), Po. ovatinodosus (1), Po. sp. indet. (8); Sch.

peracutus (1), Sch. pietzneri (1), Sch. n. sp. B (2); 01, Al, A2, 02,

Bl; CAT 6-7
‘Other microfauna: white spheres. . |
BQ-27 (SX9129367108) : pale-med grey-buff, med grained, partly dolomitised
- bloclastic 1st
Conodénts: polygnathids (lanceolate) 6 (43) weight 1.25 kg
bars | 8 (57) yield it/ke

Total 14

Po. aff. dublus (2), Po. ovatinodosus (2), Po. sp. indet. (2); O, A1,
Bi, B2; CAI 6. ‘
BQ-28 (SX9129167097) : med greyfpink—buff? coarse grained, bioclastic and
crinoidal 1st
Conodonts: polygnathids (lénceolate) 11 (42) weight 1 kg
schmidtognathids 1 (4) yleld 26/kg
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bars 1k (54)
-~ Total 26

Po. dubius (2), Po. aff. dubius (2), Po. ovatinodosus (1), Po. varcus

group sp. indet. juvenile (1), Po. x. xylus (1), Po. sp. indet. (4);

Sch. pletzneri (1); A1, A2, 02, Bl, B2, N; CAI 6.

BQ-29 (sx9128567o92)= lithology as BQ-28

Conodonts: polygnathids (lanceolate) 10 (47) ‘welght 1 kg

schmldtognathlds 1 (5) yield 21/kg
spathognathodids ' 1 (5)
bars | | 9 (43)

| | motal 20 9

Po. aff. dubius (4), fé. ovatinodosus (1), Po. x. xylus (1), Po. sp.

indet. (4); Sch. pietzneri (1); O. brevis (1); 01, A, Bi, B2; CAI 6.

BQ-30 (sx§127867083)= med grey-buff, fine-med grained, dolomitised 1st
Conodonts: polygnathids (lanceolate) 15 (37) weight 1.5 kg

polygnathids (broad-plat) 1 ( 3) yield 27/kg

' schmidtognathids 5 (12)
bars o . 19 (48)
. v o 7 :Total —145

Po. cristatus (1), Po. dubius (3), Po. aff. dubius (3), Po. ovatinodosus

'(2), Po. sp. indet. (7); Sch.? aff. gracilis (1), sch. pietzneri (2),

- 8ch. n. sp. A (1), Sch. sp. indet. (1); o1, A1, A2, N, Bl; CAI 6-7.
4 BQ-31 (Sx9127467060): med grey-pink, med-coarse grained, partly dolomitised

bioclastic 1lst | ‘

Conodonts: polygnathids (lanceolate) 4 (44) weight 0.5 kg

| , bars ' - 5 (56)  yield 18/kg
o Total 9

Po. aff. dubius (2), Po. sp. indet. (2); A1, Bi; CAI 6-7.

29:2?: (SX9128867035): med~dark grey—pink—buff, med grained, partly

dolomitised, bloclastic lst
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Conodonté: polygnathids (lanceola?e) 3 (38) weight 1.5 ké :
polygnathids (linguiform) 2 (25) ﬁeld 5/kg
bars : 3 (38)
Total 8
Po. timorensis (2), Po. varcus group sp. indet. Juvenile (1), Po. 1.

linguiformis (2), A1, N, Bl; CAI 6-7

Other microfauna: white spheres. |

MH-1 (8X9137567050) : med grey-pink, coarsely bioclastic, dolomitised 1st
Conodonts- polygnathids (lanceolate) 3 (21) weight 0.5 kg

polygnathids (linguiform) 1 (7) yield 28/kg

simple cones ‘ 3 (21)
bars - 7 (50)
Total 14

Eg.]timorensis (1), Po. varcus group sp. indet. juveniles (2)'.§S'EE'

linguiformis (1); Neopanderodus sp. (3); Al, A2, Bi, Bz; CAI 6

Other microfauna: white spheres. ,
MH-2 (SX9137267019): pale grey-buff, fine grained, sugary-looking lst
. Conodonts: bars (Al; CAI 6) 1; weight 1 kg; yield 1/ke

Other microfauna: white spheres.

Clennon Iane (SX911668, Text-fig. 8b; Barton Ist)

_ CL—i; 2‘frem massive, coral—Smeil stromatoporbid Barton Let, developed as
at Barton Quarry
QL:} (SX9120066890); pale grey-buff, fine grained, dolomitised lst, with IEd’,
v thin, irfeéﬁlar 2dolomite velns | |
Conodonts: none; weight 0.5 kg.
CL-2 '(SX9106466878): med grey-pink, med grained, dolomitised lst

Conodonts: none; weight 0.5 kg.

.
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Area 7

P

R ( '
Babbacombe Cliff (SX926656, Text-figs. 12, 13; Barton Lst, Babbacombe Slates)

(see Scrutton 1978a, p.40-43; 1978b for details of macrofaunas)

BC-1-10 from thiﬁ, fine grained, v dark grey, impersistent and sometimes
lenticular lst'bands;in black Babbacombe Sla%és exposed at footbridge near
Half Tide Rock (SX92816552); location of samples shown on Text-fig. 13 and
Text-fig. 12, Sections I, II | '

BC-1, 2 from 200".thickness of slates cropping-out below footpath to right-
hand side of footbridge; BC-1 from $-3" 1st band at 182%".below top of
exposure, 17" above beach level; BC-2 from 2" 1st band at 154" below top
of exposure, 44" above beach ievel | |
EE:Z;;E.fer slates cropping-out abbve footpath to right-hand side of foot-

bridge; BC-3 from 2" 1st band at 95-97" above footbridge; BC-4 from 13" 1st

band at 263-28" above BC-3 _
BC-5 from 107" thickness of slates cropping-out below footpath to left-hand
side of footbridge, from 2" 1st band at 94" below top of exposure, 123"

above beach level |

BC-6-10 from slates cropping-out above footﬁath to left-hand side of foot-
bridge; BC-6 from 2" lst band at 31-33" above footpath; BC-7 from 3" lst band
at 413-42" above footpath; BC-8 from 1-13" 1lst band at 63-64%" above foot-
path; BC-9 from 2" lst band at 74-76" above footpath; BC-10 from 3-1" lst
band at 86-87" above footpath

BC-1. Conodont$= polygnathids (lanceolate) 204(74) weight'0-5 kg

icriodids 2 (7) yield 54/ks

bars 5 (19)

Total 27

Po. dubius (2), Po. ovatinodosus (5), Po. sp. indet. (13); I. sp.

indet. (2); 01, A1, 02, B2; CAI 6
Other microfauna: pyritic materlal, including pyritised endichnial

burrow infillings.
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Conodonts: polygnathids (lanceolate) 23 (47) weight 1.5 kg

polygnathi&s (broad-plat) 3 ( 6) yield 33/kg

ancyrodellids 1 (2

icriodids 2 (&)

. bars ' .20 (1)
Tbtal.zg

Po. dengleri (3), Po. dubius (3), Po. ovatinodosus (10), 29. Sp.

indet. (10); A. rotundiloba subsp. indet. (1); I. expansus group

(1), I. sp. indet. (1); O1, A1, Az, A3, 02, Bl; CAI 6 |
Other microfauna: pyritic material. '

Conodonts: none; weight 0.75 kg.

Conodonts: noﬁe; weight 1 kg.

Conodonts: polygnathids (lanceolate) 12 (55) weight 0.75 kg

polygnathias (broad-plat) 2 ( 9) yleld 29/kg

icriodids ‘ 1 (5)
bars 7 (32)
Total EE

‘Po. dengleri (2), Po. decorosus (1), Po. dublus (2), Po. ovatinodosus

(3), Po. xi xylus (1), Po. sp. indet. (5); I. expansus group (1);

Al, A2, A3, Bi; CAI 6.

Conodonts: bazs (01, Al; CAI 6) 3; weight>0-75'k8: yield 4/kg
Oiher microfauna: crinoid ossicles.

Conodonts: none; weight 0.5 kg

Other microfauna: pyritic material.

Conodonts: polygnathids (lanceolate) 7 (78) weight O. 5 kg
2 (22) yield 18/kg

- Total 9

bars

Po; decorosus (3), Po. dubius (1), Po. ovatinodosus (1), Po. sp. indet.

(2); A1?; CAT 6- .
Other microfauna pyritic material including pyritised gastropods.
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BC-9. Conodonts: polygnathids (lanceolate) 27 (41) weight 1.75 kg

polygnatﬁids (broad-plat) 5 ( 7) yield 38/kg

ancyrodellids 1(2)

leriodlds 3 (5)

bars N 30 (45)
' Total 66

Po. dengleri (5), Po. dublus ), Po. ovatinodosus (3), Pos ovat-
:inodosus? (1), Po. sp. indet. (19); A. r. binodosa (1); I. expansus
group (2), I. of. symmetricus (1); 01, A1, 02, Bi, B2; CAI 6

Other microfauna: pyritic mateiial, including pyritised gastropods
and endichnial burrow infillings. -

BC-10. Conodonts: none; weight 0.5 kg.

Section III (inverted Barton Lst)
(section comprises fairly pale weathefing,‘bedded,_rather shaly-looking
1sts with scattered branching and massive tabulate corals (gfg. Thamnopora,,

Alveolites), solitary and colonial Rugosa (e.g. Phillipsastrea) and

}occasiona; small rounded stromatoporoids in bioclastic and crinoidal debris)
15! (approx) inaccessible bedded 1lst to top of cliff

21" ) falrly massive, med grey lsts, often appearing shaly

32" ; ’

30" § shaly top 6" of 32" bed

50" ) | |

130" no exposure

'towards top and bottom of beds. BC-14 from rather

4" shaly lst

12" med grey 1st |

72" med-dark grey lst divided into thin (1-2"), irregular, sometimes
lenticular units by thin; shal&-weathering partings; occasional bands

are thicker (3-5") and less shaly. BC-13 from 4", finely crinoidal,

med grey lst band at 29-33" above base of unit

30" med grey 1lst
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15" med grey lst

26" med-dark grey, lenticular-looking 1sts (units 2~3" thick) with
irregular, shaly-weathering partings . /
8" med grey 1stv
p?" med grey lst
52".1enticular-looking 1sts, as 26" unit above

6"

—

Ln g med grey lsts, with shaly partings

™ ; n 4" bed |

o 4ov lenticular—looking lsts, as 26" unitvabove (base of»equsure}
sécfion confinuéd in adjacent outcrop)

4s5"-lenticular-looking lsts, as 26" unit above

5hf 'fairi&'maséive, ned grey lsts to fault

31"'5 BC-12 from top 10" of & " bed ‘

45u .

 Section IV (in#erted Barton Lst, measured By steps)

(secﬁ;ion éomprises bedded., sométimés shaly-;looking, bloclastic and

crinoldal 1sts, with a scattered’fauna as in Section IIT) |

8" med grey 1st (any higher beds overgrown)

42" med-dark grey, fine-med grained 1lst divided into 1-4" thick, irregular
lenticular-looking‘units by thin, shaly-weathering partings. 29:22
from dafk; fine gi;ined 1st at 10-123" above base of unit

23" fairl& massive grey lst | |

41" 1st with shaly-weathering partings, as 42" uniﬁ above

5" med grey lst , | | |

375 1st with shaly-weéthering partings, as 42" unit above

18" poorly exposed, rubbly—looking 1st

45" no exposure (grass covered)‘ |

12" fairly massive, med grey lst
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‘93" 1lst with shaiy—weathering partings,-as 42" above
1" med grey lst o
42" 1st with‘shaly-weathering partings; as 42" unit above
14" fairly massive, med-dark grey lst
i9"_lst with shaly-weathering partings, as 42" unit above, to.base of

section at ground (path) level

Section V (Barton Lst, measured along fault face) ‘

(sectioh comprises bedded, bisclastic and crinoidal 1sts with occasional

shaly—weathering partings; fauna as in'Section.III, sometimes locally

| abundant; beds belo# the sill are inverted, while those above the sill

ﬁay be the rightway-up) | |

57" med-dark érey, sometimes grey-pink, well-bedded lsts (individual beds
2-8" thick), with occasional Shaly-weathering partings betweeﬁ, and
sometimes within, beds. BC-22 from 2" med<grey,'fine-med grained lst
at 21-23" above baée of unit | |

12" med-dark grey lst |

52" well-bedded lsts, as 57" unit aboﬁe

30"‘; .

15" ) med-dark grey and grey-pink,

33"
2" grey-pink, shaly-weathering band

10" § fairly massive lsts

15" med-dark grey lst »

2" grey-plnk, shaly-weathering band

8" med-dark grey lst | _

30" med-dark grey and grey-pink lst with occasional v thin>shaly-

weathering partings o

6" med-dark grey lst

6" med-dark grey lst with shaly-weathering partings
100"’we11-bedded lsfs, as 57" unit above: rather breccliated



18"

20 "

22"

_379_

badly weathered grey 1st
med-dark grey and grey—pihk 1st divided into rather lenticular-looking,

1-4" thick units by thin, shaly—weathering partings

falrly massive med-dark grey-pink lst with an abundant fauna (corals

and small stromatoporoids), often aligned parallel to bedding

75"

7"

22"

lenticular-looking lsts with thin shaly-weathering partings, as 20"
unit above. Eé:g} from med4dgrk grey-pink, falrly coarse grained
area at 17-19" below top of unit

+ massive 1st {bed shows much-va;iation in.thickness,iand loqally

increases to 21" thick)

+ bedded lsts (individual beds 1-6" thick) with v thin shaly-weathering

partings (entire unit shows much variation in thickness, locally

“increasing to 45" thick)

20"

'47"

(approx) igneous rock (sill), showing much variation in thickness

bedded 1sts (individual beds 1-10"'thick) with shaly-weathering‘bands

- between beds, to base of section at ground (path) level

Section VI (inverted Barton Lst,” measured: below igneous rock (sill) exposed

in steep, high‘éliff_at SX92626559; section comprises bedded, sometimes

shal

as i

y-weathering, bioclastic and crinoidal 1lsts, with a scattered fauna

n Section III)

massive, igneous rock (sill)

110"

‘med-dark grey, bedded 1lsts (individual beds usually 1-6" thick,

~ occasionally up to 11" tﬁick), with thin shaly-weathering partings;

5o
12"
qom
17"

beds cloéest to contact with igneous rock exhibit green-red banding.
BC-20 from med-dark grey, fiﬂe-med grained lst at €4-68" below top
of unit | | |
massive grey lst .
bedded .1sts, as 110" unit above

med-dark_grey

”

lsts
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82" massive, me&-dark.grey 1st to overgrown base of sectlon
’ ‘ (

~

Section VII (inverted Baiton Lst, measured by Oddicoﬁbe Beaéh‘Hill)
(section cdmprises dark, bedded lsts with frequent shaly partings; fauna
includes Alveolites, branching tabulates_and solitary Rugosa in fine crinoidal
debris, as ieéorded above BC-33)
74" fairly thin-bedded, dark grey lsts (individual bedé 1-5" thick), with
thin shaly paétings
14w ) dark grey lsts with fine
iv ) crinoidal debris
12" thin-bedded 1sts with shaly partings,.as 74" unit above
10" med-dark grey lst
5" dark, rather shaly 1st
1i" med-dark grey lst
28" thin-bedded lsts-withﬁshaiy partings, as ?4; unit above
i?" dark grey lsts with fine
-7" ) crinoidal debris
45" thin-bedded 1lsts with shaly'partings, as 74" unit above
23"\fa1rly masSive, med-dark grey lst
139" thin-bedded lstskﬁith shaly partings, as 74" unit above
6" dark grey 1s£
53" thin-bedded lsts with shaly partings, as 74" unit abbve., BC-34 from
~ top 4" of unit
7" dark grey lst
4" dark, shaly 1lst
6" ) dark grey lsts with Alveolites, branching tabulates (e.g. Iggggggggg)
9" ) and sblit#ry Rugosa in fine crinoidal debris “
31" dark shaly 1lst ' '
10" dark grey 1lst
12" tin-bedded 1sts with shaly partings, as 74" unit above

———————

5" dark, fine grained 1lsts BC-33
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20" thin-bedded lsts with shaly partings, as 74" unit above, to base of
" section at ground level

Section VIIIA(invertedﬂBértqn Lst transitional to BaBbacombe Slates, measured
in roadsidé exposure At the top of Oddicombe Bea@h Hill; section comprises
black slates ﬁith thin 1st bands, and v dark lsts with slaty/shaly partings,
the s1aty/shaiy component decreasing in amount in the Structurally higher
parts of the sect;on,'above the 200" nolexposure; there is probably repetition
towards the structural base of the section due to faulting and folding)
92" v dark grey bioclastic and crinoidal lsts divided into thin (3-2") units
by thin (c«3") shaly paitings, with occasional thicker (5-6") lst bands
104" v dark 1st with abundant small corals (branching and massive tabulates,
solitary Rugosa) in fine crinoidal and bioclastic debris
23" v dark shalj 1st
8i" v dark 1st
L4 v dark, finely bloclastic and crinoidal lsés divided into c.}-2" units
by thin (c.3"), dark shaly/slaty partings
8" v dark 1lst -
37" v dark lst with shaly/slaty partings, as 44" unit above

3+ v dark grey; fine grained lst with fine crinoidal debris and small

corals: BC-32

33" v dark lsts with shaly/slaty partings, as 44" unit above
9" v dark, fine gralned 1lst

104" v dark, finely bidéléstic and crinoldal 1sts, divided into c.i-2"
units by thin éhaly/siaty partings; occasional lst ban@s are thicker
(cu=6m) - |

45" well-bedded, v dark, finely bioclastic and crinoldal lsts (individual
beds 4—6"‘thick), with few shaly/siaty partings |

200" no exposure (blocked-out by'ﬁali)

150" v dark lsts divided into c.2-4" units by c.1-2" shaly/slafy partings

29" black slates with thin (1-2"), v dark lst bands

32" v dark 1lsts with shaly/slaty partings, as 150" unit above
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5"
22"

8-10"
20"
5-6"
37"
16"
o

5".

781-

50 ”
91 "

21 "
LI»"
76n

-382._

black slates with thin 1lst bands, as 29" unit above. BC-31 from thin

("), v dark, fine grainé& 1st band at top of unit
v dark, fine grained lst

black slates with a thin (11"), v dark, fine grained 1st band at 9"

e e

above‘gase of unlt

v dark, fine grained lst

bléck slates ' -

(approx) no exposure (blocked-out by wall)

poorly exposed black slates

poorly exposed v dark lst

(approx) no exposure (blocked-out by wall)

poorly exposed biack slates

"(apprpx) no- exposure (blocked-out by wall)

‘black slates with few thin 1lst bands

no exposure
black slate;

\4 dark, fine grained lsf

black slates with few, thin (c.1-2") 1st bands
v dark, fine grained 1st

no exposure N

black siates with thin 1lsts, as 78" unit above

v dark, fine grained 1lst: BC-30

black slates with thin lsts, as 78" unit above

v dark, fine grained lst ,
black slates with thin lsts, as 78" unit above, to base of section;

small solitary Rugosa in thin 1st band at 60" above base of section
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BC-11 (not on sections): from small, poarly exposed 6utcrop of Barton Lst at
SX9285965460 - sample at'hz—dh" above ground levél,‘from v dark, v fine
, grained, shaiy—weathering 1st
Conodonts: polygnathids (lanceolate) 49 (61) weight 1.5 ké\

' polygnathids (broad-plat) 2 ( 2) yield S4/kg

icriocdids : 3(4)
' spathognathodids | 3(%)
bars : 24 (30)

\ Total EI

Po. denglerl (2), Po. dublus (11), Po. aff. dublus (1), Po. aff.
ordinatus (2), Po. ovaﬁinodoéus:(lo), Po. ovatinodosus? (1), Po. webbi
(2), Po. sp. indet. (22); I. sp. indet. (3); O. s. sannemanni (3); 01,
AL, A2, N, 02, Bl, B2; CAT 6 .
Other microfauna: pyritic material,‘includiné spheres and endichnial
burrow infillings.

BC-12. Conodonts: none; weight 0.5 kg.

BC-13. Conodonts: polygnathids (lanceolate) 3 (38) weight 1.5 kg

icriodids 3 (38) yield 5/kg
B bars 2 (25)
Total 8

‘Po. aff. dublus (1), Po. sp. indet. (2); I. expansus group (1), I. sp.
indet. (2); CAI 6. |

BC-14. Conodonts: polygnathids (lanceolate) 1; weight 0.5 keg; yield 2/kg
Po. sp. indet. (1); CAI 6.

BC-20. Conodonts: polygnathids (lanceolate) 1 (17) - weight 0.5 kg

simple cones " 2 (33) yleld 12/kg
bars . g 3 (50)
Total 6

Po. SP. indet. (1); Belodella sp. (1), Neopanderodus sp. (1);

Ai; CAT 5"6..
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_]_3__0:31_'. Conodonts: simple co’nes. 1 (13) weight 0.5 kg
| spathogna;chodids 1 (13) yield 16/kg
 bars 6 (75)
'i‘otal_g

Coelocerodontus sp. (1); O. brevis (1); A1, A2; CAI 6-7.

BC-22. Conodonts: polygnathids (lanceolate) 8 (25) weight 0.5 kg

polygnathids (linguiform) 12 (38) yield 64/kg

simple cones 2 (6)
bars : 10 (31)
. Total 32

Po. ansatus (2), Po. timorensis (3), Po. 1. linguiformis (9), Po. 1.

mucronatus (3), Po. sp. indet. (3); Belodella sp. (1), Coelocerodontus

sp. (1); AL, A2, 02, B2; CAT 6-7.

Other microfauna: stick-like bryozoa.

\

BC-23. Conodonts: polygnathids (lanceolate) 6 (38) .weight 0.5 kg

polygnathids (linguiform) 4 (25) yield 32/kg

bars 609

| Total ;.E
Po. timorensis (3), Po. 1. linguiformis (4)’, Po. sp. indet. (3);
Al, A2, N; CAI 6-7.

BC-30. Conodonts: none; weight 0.5 kg.

BC-31. Conodonts: bars (Al; CAI 6) 1; welght 0.5 ke; yield 2/kg.

BC-32. Conodonts: polygnathids (lanceolate) 25 (27) weight 2 kg

polygnathids (broad-plat) 4 ( 4) yield 46/kg

schmidtognathids 1 (1)
ancyrodellids» 1 ( 1)
icriodids ‘ 3(3)
simple cones 1 (1)
spathognathodids 1 (1)

bars | 5 (61)

L wm e
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~ Po. a. asymmetricus (1), Po. cf. a. asymmetricus (1), Po. a. subsp.

indet. (1), Po. cristatus (1), Po. dubius (3), Po. ovatinodosus (12),

Po. X. xylus (1), Po. sp. indet. (9); Sch. sp. indet. (1); A.

~binodosa (1); I. latericrescens (2), I. sp. indet. (1); Belodella

sp. (1); Elsonella rhenana (partim: ?A1, A2, A3 only); Oi, Al, A2,
A3, 02, Bi,/BZ: GAI 5"6. )
Other mic_fofauna.: stick-1like bryozoa; pyritic material, including

pyritised foraminifera (Na.nicella, Saccammina, Hyperammina).

BC-33. Conodonts- polygna,thids (1anceolate) 27 (45) welght 0.5 kg

polygnathids (broad-plat) 1 ( 2) yield 120/kg

spathognathodids ~ 2.(3)
bars B , 30 (50)
Total 60

'

Po. cristatus (1), Po. aff. dubius (4), Po. aff. ordinatus (1), Po.

ovatinodosus (8), Po. webbl (1), Po. sp. indet. (13); O. s. sannemanni

(2); Elsonella rhenana (partim: A2 element only); 01, Al, A2, A3, N,

02, Bl, B2, B3; CAI 5-6.

BC-34. Conodonts: polygnathids (lanceolate) 1 (20) weight 0.5 kg
" bars ‘ _ L (80) yield 10/kg
Total 5

Po. aff. dublus (1); A1, N, B2; CAI 5-6

Other microfauna: pyritic material.

Petit Tor Quarry (SX927662, Text-fig. 14; Walls Hill Lst and associated red

Upper Devonian sediments)

Section (north face of quarry)

120' (approx) pale grey-pink, white weathering, massive, stromatoporold
Walls Hill Lst; stromatoporoids include laminar, conical, irregular and broken

forms, with an associated fauna of branching and massive tabulate corals and
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solitary'Rugosa; matrix-1s variably, and.sometimes cdarsely, bioclastic and
criﬁoidal. Large, irregular ;reas of red sediments are frequently developed
as cavity infillings within the massive lsts; the red sediments include slates,
-slaty lsts and, less often, pale pink flinty lsts (see Scrutton 1977b, P.173;
1978a, p.38-39 for details of macrofauﬁas) ' |
ggiln(sx9272666243): from pale grey-pink, méd grained, crinoidal matrix of

massive 1st at 160-170" above qﬁarry floor (i.,e. base of section)

Conodonts: none; weight 0.5 kg. |
PQ-2 (SX9273966244): from pale grey, med-coarse grained, crinoidal matrix of

massive 1st at 520-526" above quariy floor

Conodonts: bars (01) 1; weight 1 kg; yleld 1/kg.
~ PQ-3 (SX9274866254): from red, finely érinoidal, calcareous slate infilling
~at 810-820" aﬁové quarry floor
Conodoﬁts: icriodids 2 (67) weight 0.5 kg_

| bars 1 (33) yield 6/kgA
Total-g
I. symmetriéus (1), I. sp. indet. (1); A1; CAI 6-7.
| PQ-4 (SX9271366268): from red-grey, calcareous slate infilling at c.90" .
“above base of section, in small combe behind quarry
Conodonts: polygnatgids (lanceolate) 3 (43) weight 1 kg
palmatolepids 2 (28) yleld 7/kg
icriodids | 2 (28)
' Total_';

Po. sp. indet. (3); Pa. subrecta (2); I. synmetricus (2); CAI 6-7.
]-5 (8X9271066272): from pale grey-pink, fine grained, nicritic and

crinoidal matrix of massive lst at c.100' above base of sectlon, in

sﬁall combe behind quafry

Conodonts: none; weight 1.5 kg

Other microfauna: crinoid ossicles.
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Petit Tor Beach (SX926664, Text-fig. 14; Walls Hill Lst and associated red

Upper Devonian sediments)

PB~1-7 from red nodular lsts and calcareous mudstones in vertical wall
behind lowest ledge at southern end of beach (SX92686637)
PB-1 (8X9269466377): red-grey, med-coarse grained, nodular lst

Conodonts: polygnathids (lanceolaté) 5 (14) welght 2.5 kg

pélmatolepids ' ' 6 (17) yield 14/k€
anéyrodellids : 2 ( 6)
icriodids C 5 (1)
bars . - 18 (50)
T§tal 3

Po. decorosus (3), Po. sp. indet. (2); Pa, hassi (1), Pa. aff.
MPIGVéisé (2), Pa. subrecté (2), Pa. sp. indet. (1); A. aff._§i§§§ (1),
A. lobata (1); I. aff. brevis (1), I. symetricus (1), I. sp. indet.
(3); ot, AL, A2, Bl; CATI 6-7,
fé:g (8X9269066378): red, med grained, slaty lst

Conodonts: polygnathids (lanceolate) 15 (21) welght 1.5 kg

N ﬁélmatolepids 4 (°5) yield 49/kg
' ancyrodeilids , - 1(2)
| icriodids . 5(7)
simple cones - 19 (26)
bars 29 (40)
TotaJ.?;;

Po. decorosus (3), Po. sp. indet. (12); Pa. hassi (2), Pa. subrecta (1),

Pa., sp, indet. (1); A. lobata (1); I. aff. brevis (2), I. expansus group

(1), I. symmetricus (2); Belodella sp. (17), Coelocerodontus sp. (2);

01, Al, A2, A3, N, B3; CAI 7-8.
PB-3 (SX9268666379): red calcareous mudstone, with patches of coarse

f

recrystallised calcite
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Conodonts: polygnathids (lanceolate) 3 (12) weight 1 kg

palmatolepidsl‘ 1 (4) yileld 25/kg
icriodids 1 (&)
'simple cones ‘ 6 (24)
bars 14 (56)

Total 25 .
Po. decorosus (2), Po. sp. indet. (1); Pa. sp. indet. (1); I. aff.

brevis (1); Belodella sp. (5), Coelocerodontus sp. (1); Al, A2, A3, N,

B2, B3; CAI 7-8. |
PB-4 (sx9268066381)=-1ithology as PB-3'
_ Conodonts: none; weight 1.25 kgf;
7 PB-5 (SX9267866383): red-grey, fine grained nodular lst
-~f“Conodon£s: bars (01, Al, A2) 4; welght 0.5 kg; yield 8/kg.
PB-6 (sx9267366381): lithology as PB-3

i ‘
Conodonts: polygnathids (lanceolate) 1 ( 6) weight 1.25 kg

lcriodids 3 (19) yield 13/ke
éimple cones ’ ﬁ (25)
~ bars - 8 (50)
’ : Total 16

Po. decorosus (1); I. aff. brevis (2), I. symmetricus (1); Belodella sp.

(2), Coelocerodontus sp. (2); 01, Al, A2, N; CAI 6-7.

PB-7 (5X9267066384): red-grey, med grailned, slaty lst

Conodonts: polygnathids (lanceolate) 3 (11) weight 1.25 ke

‘simple cones 16 (57) yield 22/kg
bars 9 (32)
Total 28

Po. sp. indet. (3); Belodella sp. (11), Coelocerodontus sp. (5);

Ai, A2, Bi, B2, N; CAI 6-7-
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PB-8 (SX9266666385): ned grey, med éraiped, thin (c.1") lst'band in
| tightly folded red slates
Conodonts: none{ weight 0.5 kg.
FB-9 (SX9268166388):'from‘pale grey-pink, micritic matrix of pale grey,
| massive, stromatoporoid lst (Walls Hill Lst)
. Conodonts: none; weight 1 kg A
Other microfauna: tentaculitid.
BB-10 (sx9271866380) 1ithology as PB-9
Conodonts~ polygnathids (linguiform) 4 (57) welght 1.5 kg
bars - 3 (43) yield 5/kg

Total 7

Po. 1. linguiformis (2), Po. 1. subsp. indet. (2); A2, N; CAT 6-7.
PB-11 (SX9267466348): from pale grey-pink, micritic and finely crinoidal
matrix of massive, stromatoporoid lst (Walls Hill Ist)

Conodonts: polygnathidé‘(lanceolate) 6 (67) weight 1.5 kg
bars , 3 (33) yield 6/kg

Total 9

Po. 1. 1iHSUif§rmiS (5),1297 1. linguiformis delta morphotype (1);
© M; CAI 7. |
PB-12 (SX9267566348) deep red, fine grained, slaty lst infilling within
pale, massive, stromatoporoid 1st
Conodonts: polygnathids (lanceolate) 12 (30) weight 1 kg
polygnathids (broad-plat) 3 ( 7) yield 4i/ke

palmatolepids 3(7)
icriodids 1 (2
simple cones 12 (29)
bars 10 (24)
Total ZE-

Po. asymmetricus subsp. A (3), Po. decorosus (1), Po. sp. indet. (11);

Pa. hassi (1), Pa. subrecta (1), Pa. sp. indet. (1); I. aff. brevis (1);
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~Belodella sp. (12); Al,.A2, ?A3, 02; CAI 6-7.

Blackler's Quarry/Petit Tor (SX92u46637, Text-fig. 14; Walls Hill Lst?)

Section (base taken at steep fault face forming northern wall of combe

behind Petit Tor Beach)

114v'

200"

50 ”

‘massive and thick-bedded lsts, as 114" unit above.

massive and, thick-bedded, pale-med grey and grey—pink, pale weathering

lsts with branching and massive tabulate corais (g.§. Thamnopora,

Alveolites), solitary Rugosa and laminar stromatoporoids in a fine-

med grained, sometimes crinoidal matrix. BI-6 and BL-7 from finely

crinoidal areas at 110-114" and 18-22" respectively below top of
section

no exposure

massi@e 1st, as 114" unit above

t
J

no exposure

" massive and thick-bedded lSts,_as 114" unit above, with several

horlzons crowded with branching and massive tabulates and solitary
Rugosa, often aligned parallel to bedding; Hexagonaria (colonial

Rugosa) occurs near BL-5. BI-3, BI-4 and BL-5 from fine-med g:ained

areas at 270-275", 235-240" and 120-125" respectively below top of unit
BL-2 from finely
crinoidal area at 110-116" below top of unit

massive and thick-bedded lsts, as 114" unit above, to base Of section

at steep, brecciated fault face; several horizons crowded with corals.

"BL-1 from finely ciinoidal area at 25-30" below top of unit .

BL"i L

BL-2.

BL-3.

Conodonts: none; weight 1.75 kg.
Conodonts: none; weight 1.75 kg.
Conodonts: none; weight 1 kg

Other microfauna; cfinoid ossicles
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Cdnod.onts: none; weight 1. 5kg .
Conodonts: poiygnathi;is (lanceolate) 2; weiéht 1 ke; yield 2/kg
_I_’é. sp. indet. (2); CAI 6-7.
Conodonts: bars 2; weight 1 kg; yield 2/kg
01; CAI 6-7. |
Conodonts: bars 2; we.ight 1 kg; yleld 2/kg

A1, ?02; CAI 6-7.

1
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PLATE 1

Figs. 1-11,13. Tcriodus retrodepressus BULTYNCK

1,24

N

Oral, lateral views. Daddyhole Cove, DH-2/I3 (x60)(small growth

stage).

2:3. ‘Oral, aboral views, Triangle Point, TP~28/113 (xbd);

4. Oral view. Daddyhole Cove, DH-2/I8 (x40).

5. Oral view. Triangle Point, TP-28/I1 (x50) .

6,10. Oral, lateral views. Triangle Point, TP-12/I1 (x60).

© 8,11. Oral, lateral views. Triangle Point, TP-28/I15 (x50).

9. Oral view. Triangle Point, TP-28/I12 (x50).

13. Oral view. Triangle Point, TP-26/I1 (x40).

-

»

g Figs. 12,i4~20. Icriodus corniger corniger WITTEKINDT

Figs.

21»29. Tcriodus aff. introlevatus BULTYNCK

Orai-

12.

14,15,20.
16. Oral
17. Oral
18. Oral
19, Oral

view,
Oral,
view.
view.
vi;w.

view.

Triangle Point, TP-28/I16 (x50).

aboral, lateral views. Triangle Pbint;‘TP~17/Iz (x40).
Triangle Point,‘TP~28/16 (x60) (small growth stage).
Triangle Point, TP-17/16 (xéo)(small growth stage)l
Triangle Point, TP-28/19 (x50).

(‘, .

Triangle Point, TP-28/I2 (x40).

Ll
~

.

21,22,24. Oral, aboral, lateral views. Triangle Point, TP-17/T4

(x35).

o . o 4

23,28,29, Orél, aboral, lateral views. Triangle Poinf,;TP-i?/IB

(x35).

25,26,27. Oral, aboral, lateral views. Triangle Point, TP-17/Il

(x@O).
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PIATE 2 -
) |

- Figs. 1,2,6. Icriodus corniger corniger WITTEKINDT (?)

1,6. Oral, lateral views. Triangle Point, TP-28/I17 (x40).
2. Oral view. Triangle Point, TP-28/I5 (x40).
Fig. 8. Jicriodus cf. regularicrescens BULTYNCK -
8. Oral view. Redgate Beach, RB-12/I2 (x50).

ﬁigs. 3-5,7,11-16. Icriodus aff. obliquimarginatus BISCHOFF & ZIEGLER
3,4. Iateral, oral views. Redgate Beach, RB-10/I1 (X?O)

(Juvenile growth stage)
5,13. Oral, lateral views. Redgate Beach, RB-10/I2 (X?O)
| (Juvenllo-growth stage) . .
7,11. lateral, oral views. Waldon Hill/Warren Road, WH-3/I3 (x40).
12,14, Oral, lateral views. Waldon Hill/Warren Road, WH-3/I6 (x40).
15,16. Oral, lateral views. Babbacombe Road, BRmQ/Ii (x50).

Figs. 9,10,17-28,33. Icriodus expansus BRANSON & MEHL group
9. Oral view, Redgate Beach, RB-2/I1 (x60).
.10, Oral view. Waldon Hill/Warren Road, WH-3/I1 (x50) (small growth

stage). ,
17,20. Oral, lateral views. Waldon Hill/Warren Road, WH_B/IZ (x50)
18. Oral view. Iong Quarry Point, LGmé/IZ (x40).
19,22. Lateral, oral view. Parkfield Road, PF- 9/13 (x60) .
21. Oral view. Babbacombe Road,. BR-3/I1 (x50).
23,24, Oral, lateral views. Redgate Beach, RB_Z/IB (x60)(small growth

stage). : : e

25,27. Oral, lateral views. Redgate Beach, Rij/Ii»(x50). .
26. - Oral view. Teignmouth Road, TR-1/I1 (x50).

- 28,33. Oral,'aboral views. Long Quarry Point, IG-6/I1 (x40).

Figs. 29-32,34. Icriodus arkonensis STAUFFER
29,30,3L. Oral, aboral, lateral views. Pirkfield Road, PF-9/I1 (x50).
32,3%. Oral, lateral views. Parkfield Road, PF-9/I2 (x60).
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- PIATE 3

.

| Figs. 1—9,13,18420. Icriodus latecarinatuslBULTYNCK E

' '1,2,3. Oxral, aboral, lateral views. Barton Quarrsr, BQ—.?A/Il (XBQ).
4,5,6. 6ra1, aboral, lateral views. Barton Quarry, BQ-18/I1 (x60).
7,8,9. Oral, aborai, lateral views. Barton Quarry, BQ-1/11 (x45);
13,18. Oral, lateral views. Babbacombe Cliff;\BC-BZ/IZ (x35).

19,20, Oral, lateral views. Babbacombe Cliff, BC-32/I1 (x45).

Figs. 10-12,14-16,21,25,30. Teriodus expansus BR‘ANSON\’& MEHL group

10,11,12. Oral, aboral, lateral views. Barton Quarry, BQ-24/I3 (x50).
14,15,16, lateral, Jral, aboral views. Babbacombe Cliff, BC-5/I1 (x50).
21,25. Oral, lateral views. Barton Quarry, BQ-24/I2 (x50).

30. Oral view. Petit Tor Beach, PB-2/I2 (x70) (juvenile growth stage).

Figs. 17,22,23. Icriodus symmetricus BRANSON & MEHL

17. Oral view. Petit Tor Beach, PB-1/I1 (xéo)'(juvenile growth stage) .
22,23. Iateral, oral views. Petit Tor Quarry, PQ-4/I1 (x50).
Figs. 24,26-29,31. Teriodus aff. gggzgg STAUFFER
24,26,27. Ilateral, oral, aboral views. Petit Tor Beach, PB-3/I1 (x80)
(juvenile growth stage). | | '
28,29. Oral, lateral views. Petlt Tor Beach, PB-2/I1 (x80) | .
(juvenile growth' stage) .

31. Oral view. Petit Tor Beach, PB-12/11 (x80) (juvenile growth stage).



PLATE 3



PLATE 4

/ . -
Figs. 9,13,14,20-24; 1-8 (aff.). Polygnathus pseudofoliatus WITTEKINDT

9,13,1%. Iateral, oral, aboral views. Long Quarry Point, 1G-4/Po3 (x0)
v(small growth sfage). '
20,21,22,23. Lateral,ioral,voblique oral, aboral viewsf Redgate Be;ch,
RB-2/Po6 (x50).
24. Oral view. Redgate Beach, RB—2/P64 (x40).
1,2,3. Oral, lateral, aboral views. long Quarry Point, IG-3/Pol (x50).
4,56, Oral, lateral, aboral views.‘ Long Quarry Poiht, 1G-5/Pol (x40).

7,8. Oral, lateral views. Long Quarry Point, IG-5/Po2 (x60).

Figs. 10-12,15-17. Polygnathus cf. costatus’ costatus KLAPPER
10,11,12. Oral, aboral, lateral views. ‘ Long Quarry Point, IG-?/Pdl
(x40) (tectonically flattened specimen).
15,16,17. Oral, aboral, lateral views. Long Quarry Point, LG-4/Po2

(x50) (tectonically flattened specimen).

Figs. 18,19. Polygnathus xylus ensensis ZIEGLER & KLAPPER

18. Oral view. 'Redgate Beach, RB-12/Po2 (x50).

19. Oral view. Redgate Beach, RB-13/Po2 (xLLO). : o

Figs. 25-27. Polygnathus aff. xylus xylus STAUFFER ‘ ‘; "

25,26,27; Oral, aboral, lateral views. Iong Quarry Point, IG-6/Pol

(x60) (juvenile growth stage).
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Fan

~ |
Figs. 7,11,12; 19,20 (aff.), Polygnathus xylhs xylus STAUFFER
© 7,11, Oral, aboral views. Lummaton Quarry, IM-15/Po8 (x60) (Small
growth stage);7 .,m ' L B
12. Oral view. St. James Road,:SJ—z/Poé (x70) (small growth stage).
19,20, Oral, aboral views. St.’Jémes Road, SJ—2/P02 (juvenile growth

stage).

Figs. 8,9; 1-6 (aff.). Polygnathus xylus ensensis ZIBGLER & KIAPPER
) 8. Oral view. St. James Road, SJ~2/Po7 (x65). .
9. Oral view. St. James Road, SJ-2/Pol0 (x65).
1,2,3. Oral, aboral, lateral views. Waldon Hill, WH-1/Po2 (x35).
4,5,6. Oral, aboral, lateral views. Waldon Hill, WH—i/Poir(x35).

Figs. 10,15-17. Polygnathus aff. ovatinodosus ZIEGLER & KLAPPER
10. Oral view. Waldon Hill/Warren Road, WH-3/Pol (x35).
15. Oral view. Waldon Hill/Warren Road, WH-3/Po2 (x30).
16,17. Oral, aboral views. Iummaton Quarry, IM-17/Po2 (x35).

Figs. 13,14,18,23. Polyenathus pseudofoliatus WITTEKINDT : . -
13. Oral view.  Parkfield Road, PF—5/P01.(x40). S
14, Oral view. Parkfield Road, PF-5/Po2 (x40).
18,23. Oral, lateral views. Waldon Hill, WH-1/Po3 (x40). N

Figs. 21,22,24-32. Polygnathus varcus STAUFFER group (very small growth
' | stages, sp. indet.) ' |
21,2k . Oral, lateral views. Lummaton Quarry, IM-16/Po2 (x80).
1 22,28,29. Aboral, lateral, oral views. Barton Quarry, MH-1/Pol (x60).
25,26,31. Oral, lateral, aboral views. ILummaton Quarry, LM-15/Po5
’ (x80). . o |
27,30,32. Oral, lateral,oblique‘ébdral views. Iummaton Quarry,
LM-7/Pol (x70). : ‘
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Vs

Figs. 1-23,31. Polygnathus timorensis KLAPPER, PHILIP & JACKSON

° 1,2,3. Oral, aboral, lateral views. Iummaton Quarry, IM-9/Pol (x35).
4,5,6.  Oral, abofél, lateral views. Lummaton Quarry, LM~1/P01'(x35).
7,9. Tlateral, oral views. Lummaton Quarry, LM-4/Po3 (x70) (specimen

 with rounded posterior platform, short carina, and strong denticleé
at inner geniculation point).
8. Oral view. -Madrepore Road, MR-1/Po3 (x60).
10. Oral view. Lummaton Quarry, IM-9/Po5 (x60). ,
11,12. Oral, lateral views. Lummaton Quarry, LMin/Pdi (x60). _
13,14. ' Oral, lateral views. Trumlands Quarry, TL-3 (x35) (dolomitised
specimen ). 7 |

15. Oral view. Trumlands Quarry, TL-2 (x60).
16,17. Oral, lateral views. Iummaton Quarry, IM-11/Po2 (x60).
18,19. Oral, aboral views. Babbacombe Cliff, BC-20/Pok (x35).
20,21, Oral, lateral views. Lumnaton Quarry, LM-18/Po9 (x35).
22. Oral view. Trumlands Quarry, TL-3 (x70) (small growth stage).
23. Oral view. Barton Quarry, BQ-32/Pol (x70) (small growth stage).
31. Oral view. Iummaton Quarry, LM-3/Po2 (x70) (small growth stage).

Figs. 28;24-27,29-30(?). ‘Pdlygnathus varcus STAUFFER
28. Oral view. Waldon Hill/Warren Road, WH-3/Po6 (x50).
24. Oral view. Iummaton Quarry, LM-18/Pol (x50) (very small growth

R

stage) . ,
25. Oral view. Lummaton Quarry, IM-18/Po5 (x80) (very small growth
stage). ' : | o
26,27,29. Oral, aboral, lateral views. Lummaton Quarry, LM-18/Po2
(x50) (very small growth stage).
30. Oral view. ILummaton Quarry, LM-18/Po6 (x80) (very small growth
stage). I ' '
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PLATE 7

‘Figs. 1-16,19,21,23;17,18,20,22,24(?). Polygnathus ansatus ZIEGLER & KLAPPER

1,2,3. Oral, lateral, aboral views. Madrepore Road, MR-1/Po2 (x40).

L,5,6. Orél, lateral, abora1x§iews. L&;matonJQuarry,hLMuil/Pou (x60).

7,8,9. Oral, aboral, 1aterai'vieWS. Lummaton Quarry, LM-18/Po3 (x60).

10,11,12. Oral, aboral, lateral views. Lummaton Quarry, LM~16/P§i
(x40) (Juvenile growth stage). |

13,14,15. Oral, aboral, lateral views. Lummaton Quarry, LM-15/Po3

| (x40). | |

16,19. Obliqué 6ra1, lateral vieﬁs. Lummaton Quarry, LM»il/PoB (x40).

21,23. Oral, lateral views. Madrepore Road, MR-1/Pol (x40).

17,18. Oral, abofal views. vLummaton Quarry, LM-15/Po7 (x70)

(juvenile growth stage). -
20,22,24. Oral, aboral, lateral views. Lummaton Quarry, LM-15/Pol

(x80) (Jjuvenile growth stage). N
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(
Fig. 1. Polygnathus linguiformis subsp. a sensu WEDDIGE 1977
1. Oral view. Redgate Beach, RB-12/Pol (x30).

P

Figs. 3,4,8;2(cf.). Pol§gnathus linguiformis alveolus WEDDIGE
3,4,8. Oral, aboral, lateral views. ILong Quarry Point,fLG_B/Polk
(x60) (small growth stage). :
2. Oral view. Redgate Beach, RB-13/Pol (x30).

Fig.6. Polygnathus linguiformis bultyncki WEDDIGE = |
6. Oral view. Daddyhole Cove, DH-2/Pol (x40).

Figs.7,13. Polygnathus linguiformis subsp. b sensu WEDDIGE 1977
9. Oblique oral view. Redgate Beach, RB-10/Pol (x60).
13. Oblique oral view. Babbacombe Road, BR-9/Pol (x60).

Figs, 9,10,12;5(cf.). Polygnathus 1inguiformis 1inguiformié HINDE, delta
morphotype ZIEGLER & KLAPPER
9,10,12. Oral, aboral, lateral views. Petit Tor Beach, PB~11/P01

(x30). | ,
5. Oral view. Iummaton Quarry, LM-13/Pol (x60) (juvenile growth

~

stage) .

Figs. 11,14-18,20. Pblygnathus linguifoimis linguiformis HINDE, epsilon
. morphotype ZIEGLER & KLAPPER ‘ o .
11,16. Oral, aboral views. Waldon Hill/Warren Road, WH-3/Po3 (x30).
14,15,18. Oral, aboral, lateral views. ZIummaton Quarry, IM-1/Pol |
(x40). ‘ ' o :
17,20. Oblique oral, aboral views. Iummaton Quarry, IM-17/Pol (x40).

Figs.19,21-30. " Polygnathus linguiformis mucronatus WITTEKINDT
. 19,22,23. Iateral, oral, aboral views. Babbacombe Cliff,BC-22/Pol
(x30). | - | ’ '
21,26. Ilateral, oral views. Waldon Hill/Warren Road, WH-2/Po5 (x30).
2#,29,30. Oblique‘oral, aboral,klateral views. Lummaton Quarry, LMwiL/
Pol (x40). :
25. Oral view. Waldon Hill/Warren Road, WH-2/Po3 (x30). - .
27,28, Oral, aboral views. Madrepore Road, MR-1/Po5 (x60) (juvenile

growth stage).

¥
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Figs.1_20,23~25;21,22(7). - Polygnathus llngulformis linguiformis HINDE

1. Oral view. Waldon Hill/Warren Road, WH~3/P011 (x30).

2. Oblique oral view. Waldon Hill/Warren Road, WH-3/Pol2 (x30)
(specimen with strong serrations in the outer margin, at the point
of flexure to the tongue). | -

3. Oblique oral view. Waldon Hill/Warren Road, WH-3/Pol0 (x35).

L. Oblique oral view. WaldoniHill/Warrég Road, WH-3/Poll (x35).

5. Oblique oral view. Waldon Hill/Warren Road, WH-3/Po9 (x35).

6. Oral view. Waldon Hill/Warren Road, WH-3/Pol3 (x35) (specimen
with constricted tongue)

7. Oblique oral view. St.James Road, SJ-i/P014 (x40).

8,9. Oblique oral, aboral views. Waldon Hill/Warren Road, WH-2/Pok

(x35). -

10,13. Oral, aboral views. Trumlands Quarry, TI-3 (x35) (dolomitised

specimen).

11. Oblique oral view. Teignmouth Road, TR-2/Pol (x40).

12,15. Oblique oral, aboral views. Babbacombe Cliff, BG-22/Po3 (x35).

14. oOblique oral view. Babbacombe Cliff, BC-20/Pol (x70) (juvenile

growth stage). ' - a

16. Oral view. Babbacombe Road, BR-1/Po2 (x35).

17. Oral view. Redgate Beach, RB-2/Po5 (x35).

18. Oral view. Redgate Beach, RB»Z/POZ (x35).

19. Oblique oral view. Barton Quarry, BQ-33/Pol (x60) (juvenile growth

v
o

N

stage).
20. Oblique oral view. St.James Road, SJ-1/Pol3 (x40).
21,22. Aboral, oblique oral views. Babbacombe Road, BR-7/Pol (x30).
23. Oblique oral view. St.James Road, SJ-1/Poll (x40).
2. Oral view. Long Quarry Point, LG-6/Polt (x30).
25. Oral view. Redgafe Beach, RB-2/Poll (x30).

»
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Plate 10

Figs. 1-22. Polygnathus linguiformis linguiformis HINDE

1,5. Oblique orai,‘abéral views. Iummaton Quarry, LM-17/Po3 (x30).
2,3,4. Oblique‘oral, 1a£eral, éboral vi;%s. Jiumﬁaton Quarry, '
IM-15/Pol (x30). | , ‘
6,10,13. IObiiquevofal, aﬁoral, lateral fiews. Iumméton Quarry, IM-9/
Po3 (x30). 1‘_ |
7,8,9. lateral, obliqueloral; aboral views. ZIummaton Quarry, LMmi5/
Po2 (x0). | | |
11,14, Oblique oral, lateral views..‘Lummaton Quarry, iMuiO/POB (x30)(
12,16,17. Oblique oral, iéferal, aboral-views.J Lummaton Quarry,
i-16/Po3 (xs0). | |
15,19.» Lateral, obligue oral views. Lummaton Quarry, LM—?/POZ @x@O)
(small growth sﬁage); - C | )
.18. Oblique oral view.’ Lunmaton Quarry, IM-5/Pol (x70) (juvenile
‘growth stage). | | : - .
20. Oblique oral view. Iummaton Quarry, IM-4/Pol (x40). '
21,22. Abdral, obliqué oral views. Tummaton Quarry, Lmuio/iguk(x7o)vv

(juvenile growth stage).
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PLATE 11

Figs. 3-6,8-27,29-33;1,2,7,28(?). Polygnathus ovatinodosus ZIEGLER & KLAPPER

3,4,5,6. Oral, oblique oral, oblique aboral, lateral views. Barton
‘Quarzy, 3-23/P03 (x35). |
‘8,9,12. Oblique o:al, oblique abofél, lateral views. Barton Quarry,
3-23/Po5 (x50). o .
10,11. Oral, aboral views. Barton Quarry, BQ~28/P05 (x35).
-13. Oral view. Baiton Quarry, BQ-20/Po3 (x40).
14. Oral view. Bar%on Quarry, BleQ/ijI(XBO).
15,16. Oral, aboral views. Barton Quarry, BQ-29/Po2 (x30).
17,18,24. Oral, aborél, lateral views. Babbacombe Cliff, BC~32/P61
| (x40) (small érowth stage). '
19,25,26. Oral, aﬁoral, lateral views. Barton Quarry, BQ-18/Po7
(x35) (small growth staée).
20,27.’ Oral, aBoral views., Barton Quarry, BQ-22/Pol0 (x30)(sméll
" growth stége). | '
21. Oral view. Babbacombe Cliff, BC-9/Po2 (x30).
22. Oral view. Babbacombe Cliff, BC-33/Po2 (x50).
23.' Oral view. Barton Quarry, BQ_ZB/Pol (x30). | 1:
29,30,32. Oral, aboral, lateral views. Babbacombe Cliff, BC732/P020)
7 G3s). | - |
31,33. Oral, lateral views. Babbacombe Cliff, BC-32/P017 (x50).
1,2,7. Oral, aboral, lateral views. Babbacombe Cliff,'BC-li/POZBV
(x40). - i ;‘ ’

28. Oral view. Babbacombe Cliff, BC-9/Pol3 (x35).
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Figs.

PIATE 12

1-16317-27 (aff.). Polygnathus dubius HINDE

1;2,3, Oral, aboral, lateral viéws. Barton Quarry, BY-1/Po2 (x30).

4,5,6. Oral, aboral, lateral views. Barton Quarry, BQ-20/Pol (x35).

7. Oral view. Babbacombe C1liff, BC-32/Poi3:(x30). | |

8,9. Oral, aboral views. Babbacombe Cliff, BG-11/Pol (x50)(small

' growth stage). |

10,11. Oral, aboral views. Barton Quarry;(BQ;Q/Po5 (x40).

12,13. Oral, aboral views. Barton Quarry, BR-26/Po7 (x30).

14,15,16. Oblique oral, aboral, lateral views. Barton Quarry,

BQ~22/P691(X40)(sﬁall growth stage).
17,18,21. Obiique oral, aboral, oral views. Barton Quarry, BQ~-20/Po2
| (x35) .

19, 20. Orai, aboral views. Barton Quarry, BQ-26/Pol5 (x40)(small
growth stage). | |

22,2?. Oral, aboral views. Barton Quarry, BQ-19/Po2 (x30)."

24,25. Oral, aboral views. Barton Quaxry, BQ—j/Poi (x30).

26,27. Obligue oral, aboral views. Barton Quarry, BQ-5/Po2 (x30).

28-33. Polygnathus xylus xylus STAUFFER

28. Oral view. Barton Quarry, BQ-28/Pok (x60)(smallvgrowth stage).

29,30,31. Oblique oral, oral, aboral views. Barton Quarry, BQ-15/Po3
(x50). '

32. Oral view. Barton Quarry, BQ-23/Po6 (x50).

33. Oral view. Barton'Quafry,'BQ~22/P011 (x60) .
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‘Figs.

Figs.

Figs.

Figs.

v L PIATE 13

8,14;1-4 (aff.). Polygnathus webbi STAUFFER

8,14. Oblique oral, oral views. Babbacombe Cliff, BC-11/Poll (x40).
1,2, Oral, aboral views. Barton Quarry, BQ-lb/Poi_(th).

3,4. Oral, aboral views. Barton Quarry, BQ-24/Pol (x40).

5-7,9-13,15,16. Polygnathus decorosus STAUFFER

5. Oral view. Petit Tor Beach, PB-1/Pol (x50).

6. Oral view. Petit Tor Beach, PB-3/Po3 (x60).

7,12. Oral, lateral'views. Petit Tor Beach, PB-3/Pol (x60).

11. Oral view. Petit Tor Beach, PB-2/Po2 (x60).

-9,10,15. Oblique oral, aboral, oral views. Babbacombe Cliff, BC—&/Pol

(x50).
13,16. Oral, lateral views}l'Petit Tor Beach, PB-3/Po2 (x60).

17-22,25-27. Polygnathus cristatus HINDE

17,22,25. Oral, aboral, lateral views. Barton Quarry, BQ-1/Polk (x60).

18. Oral view. Babbacombe GLiff, BG-33/Pok (x70).

19,20. 6rél, aboral views. Barton Qua?ry, BR-30/Pol (x30)
(dolomitised specimen). |

21. Oral view. Barton Quarry, BQ-1 (x40).

26,27. Oral, aboral views. Babbacombe Cliff, BC-32/Po9 (xéb)(juveniie
growth stage).

s

23,2l4,28,29. Polygnathus asymmetricus subsp. A sensu ORCHARD 1978‘

23,24. Oral, aboral views. Petit Tor Beach, PB-12/Pol (x60).
28,29. Aboral, oral views. Petit Tor Beach, PB-12/Po2 (x60)

(juvenile growth stage).
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e

“ Figs. 1,2;3 (cf.). Polygnathus asymmetricus asymmetricﬁs BISCHOFF & ZIEGLER

1,2. Oral, aboral views. Babbacombe Cliff, BC~32/P08 (x30).

3. Oral view. Babbacombe Cliff, BC-32/Pol0 (x40).

o

1

Figs. 6,7,10. Polygnathus asymmetricus ovalis ZIEGLER & KLAPPER

6,7,10. Oral, aboral, lateral views. BartoniQuaf:y, BQ-18/Polt (x40).

~Fig. 9. DPolygnathus asymmetricus BISCHOFF & ZIEGLER, subsp. lndet.

9. Oral view. Babbacombe Cliff, BG-32/Pol5 (x70).

Figs. 4,5,8,11,13,17§ Polygnathus dengleri BISCHOFF & ZIEGLER

4,5,8. Oblique oral, aboral, oral views. Babbacombe Cliff, BC-5/Po3
(x60). |
11,13, Oral, lateral views. Babbacombe CLiff, BC-9/Pog (x60).

17. Oral view. Babbacombe Cliff, BC-9/Pol0 (x40).

Figs. 12,18,21,27. Polygnathus aff. ordinatus BRYANT -
12,18. Oral, aboral views. Babbacombe Cliff, BC-11/Pol8 (x60).

21,27. Oral, aboral views. Babbacombe Cliff, BC-11/Poll (x50).

Figs. 14-16,19,22. Schmidtognathus n.sp.lB

1
v

14,15,22. Oral, aboral, lateral views. Barton Quarry, BQ-26/Sch3

(x30). _ -
16,19. Oblique oral, aboral views. Barton Quarry, BQ-26/Schd (x30).

Figs. 20,23-26,28. Séhmidtognathus? aff. gracilis' KTAPPER

20,25,26. Oral, lateral, aboral views. Barton Quarry, BQ-9/Schi
(x40). |
23,24, 28. Oral, aboral, lateral views. Barton Quarry,vBQ_BO/Schj

(x35) .
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Figs. 1-3,6,7,9,11-14,18,19. Schnidtognathus aff. hermanni ZIEGLER

1,2,6. Oral, abofél, lateral views.. Barton Quarry, BQ-18/S1 (x40).
3,7. Oral, aboral views. Barton Quarry, BQ-18/S8 (x30) (?gerontic
growth stage).
9,11,12. Iateral, oblique oral, aboral views. Barton Quarry, BQ—18/S4
(x30). - | |
‘13,14, ObliQue oral, ébéral views. Barton Quarry, BQ-ié/S9 (xjj).

18,19. Oral, aboral views. Bérton Quarry, BQ-18/S5 (XBO).

Figs. 4,5,8,10,15,16,22,23,27. Schinidtognathus peracutus (BRYANT)

4,5,8. Oral, aboral, lateral views. Barton Quarry, BQ-26/S1 (x40).
10,15,16. Iateral, oral, aﬁoral views. Barton Quarry; BQ~11/SI (x40).

22,23,27. Aboral, oral, laterél views. Bértoh Quarry, BQ—18/SZ (x35).

Figs. 17,20,24. Schmidtognathus cf. wittekindti ZIEGLER

17,20,24. Oral, lateral, aboral views. Barton Quarry, BQ-1/82 (ij).gd

Figs. 21,25,26. Schmidtognathus n. sp. A

21,25,26. lateral, oral, oblique aboral views. Barton Quarry, BQ-30/S1

(x35).

»
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Figs. 1-9. Schmidtognathus pietzneri ZIEGLER (small growth stageS)

1,2. Oral, aboral views. Barton Quarry, BQ-28/Si (x50).
3,4. Oral, aboral views. Barton Quarry, B-26/52 (x50).
5,6,9. Oral, aboral, lateral views. Barton Quarry, BQ-30/S3 (x50).

7,8. Oral, aboral views. Barton Quairy, BR-29/51 (x50).

Figs. 10,11,13-15. Ancyrodella lobata BRANSON & MEHL

10,11,15. Oral, lateral, aboral views. Petit Tor Beach, PB-1/A2 (x30).

13,14. Oral, aboral views. DPetit Tor Beach, PB-2/A1 (x30).

Figs. 12,16. Ancyrodella aff. gigas sensu ORCHARD 1978

12,16. Oral, aboral views. Petit Tor Beach, PB-1/A1 (x60).

Figs. 17,18,20-22,2%. Ancyrodella rotundiloba binodosa UYENO

17,18,22. Oral, aboral, lateral views. Babbacombe C1liff, BC-32/A1

(x120) (very small growth stage).
20,21,2%. Oral, aboral, lateral views. - Babbacombe Cliff, BC-9/Al (x60).

Y

Figs. 19,23. Ancyrodella rotundiloba rotundiloba (BRYANT) -

19,23. Oral, aboral views. Barton.Quarry, )-18/A1 (x70)

(small growth étage),
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Y

Figs. 1-6,8. Palmatolepis subrecta MILLER & YOUNGQUIST
[0 X .
x 1,2,3. Oral, lateral, aboral views. Petit Tor Beach, PB-12/Pal (x50).
? Iy 5,6. Lateral, oral views. Petit Tor Quarry, PQ-4/Pal (x50).

5,8. Oral, aboral views. Petit Tor Beach, PB-1/Pal (x50).

s

R " 1]
Figs. 7,9-12. Palmatolepis hassi MULLER & MULLER

7,10. Oral, aboral views. Petit Tor Beach, PB-12/Pa2 (x40).
9. Oral view. Petit Tor Beach, PB-2/Pa3 (x60).
. 11. Oral view. Petit Tor Beach, PB-2/Pal (x60).

12. Oral view. Petit Tor Beach, PB-1/Pa3 (x60).

t Fig. 13. Palmatolepis aff. proversa ZIEGLER

13. Oral view. Petit Tor Beach, PB-1/Pa2 (x30).

Figs. 14,15. Palmatolepis sp. indet. B

14,15. Oral, oblique oral views. Petit Tor Beach, PB-2/Pa2 (x120)
(juvenile growth stages note strongly developed central

node) .
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Figs. 1,6. Tortodus aff. variabilis (BISCHOFF & ZIEGLER)
N '
1,6. Oral, lateral views. Redgate Beach, RB-2/T1 (x40).:

Figs. 2-5,7,8,12,16,20. Ozarkodina brevis (BISCHOFF & ZIEGLER) (P element only).

'2 4,7. Oral, lateral, aboral views. Lummaton Quarry, LM—13/Sp1 (x?O)}
3. Oral,view. Iummaton Quarry, LM—6/Sp1 (x140).
5,8, Oral, lateral views. ILummaton Quarry, LM-10/S§1 (x105).

12,16,20. Oral, lateral, aboral views. Iummaton Quarry, IM-15/Spl (x70).

: Figs. 9,11. Spathognathodus planus BISCHOFF & ZIEGLER

9. Ilateral view. Iummaton Quarry, IM-10/Sp3 (x40).

11. Iateral view. Madrepore Road, MR-1/Spl (x40).

Figs. 10,13,23-28. Type 1 élements‘(§g£§g Klapper and Philip 1971) from
Luﬁmaion Quarr&. " |
10,13. Iateral, aboral views of A2 element, from possible Type 1
| multielemental association (partim) (LM-17/bar 1, x40).
23. Lateral view of A3 element, from possible Type 1 multielemental
assoclation (partim) (1M-11/bar 1 x40) ..
24, Lateral view of N element, x30 ;,from possibie Type 1
27. lateral view of Ai‘elemenﬁ, x30 ) multlielemental associ;tion
28, lateral view of A2 element, %80 § (partim) (LM—18/bars 1-3).
25. lateral view 6f Al element, x20 ) from possible Type 1 multielemental
)

26. Iateral view of A2 element, x40 association (partin) (IM-16/bars 1,2).

Figs. 15,18,19,21. Type 2 elements from Lummaton Quarry.
15. Iateral view of Bé element, x40 ) from possible Type 2

18. 1Iateral view of B3 element, x40 g multieiemental assoclation

19. Iateral view of N element, x40 g (partin) (IM-11/bars 2-4).

21. Iateral view of Bl elément, from poséible Type 2 multielemental

assoclation (partim) (IM-15/bar 1, x30).



PIATE 18

.(continued)_

Figs. 11,14,17. Type 1 elgmehts from Madrepore Road.
11. Iateral view of 01 element, x40 ) from ?two possible Type 1
14, Iateral view of Oi.element, x30 ) multielemental associations

17. Lateral view of Al element, x50 ) (partim) (MR-1/Spl, bars 1,2)..

L Fig. 22. Type 1 element from Long Quarry Point.
22, lateral view of Al element, from possible Type 1 multielemental

; | association (partim) (IG—?/bar 1, x40).

Figs. 29-32. Eognathodus cf. bipennatus montensis WEDDIGE
29,31. Oral, lateral views. Trlangle Point, TP-12/El (x50).

30,32. Oral, lateral views. Triangle Point, TP-12/E2 (x50).
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Figs. 1—6,8,9.'.Type 1 eiements’(sensu Klappér‘snd Philip 1971) from
Barton Quarry. o

1,2,5. Oblique oral lateral, aboral views
of 01 (nothognathellan) element, x80 ) from ?two possible Type 17

. Iateral view of A3 element x6O multielemental associations

%

. Oral view of 7A3 element, x60 § (partim).(BQ-Zi/bars 1-5).
)
)

3

L

6. Iateral view of Al element, x60

9. Ilateral view of N element, x50 . A )
8 Laterallview of N element, from possible Type 1 mﬁitielemental

assoclation (partim) (BQ-15/bar 1, x60).

Figs. 7,10-12, 14-16. Type 2'slements‘from Barton Quarry.
7. lateral view of N element, from possible Type 2 multielemental.
association (BEEEET) (BQ-15/bar 2, x30) .
10. Iateral view of B2 element, x20 ) from possible Type 2
14, 15. Oral, lateral views of 02 multielemental aSsocis{ion
' | (partin) (B-1/bars 1,2).

element, x30

multielemental assoclations

§
11. Iateral view of B2 element, x40 from ?two possible Type 2
12. Lateral view of B3 element, x40

16. Lateral view of B2 element, x40 ) (partim) (BQ-16/bars 1-3).

Figs. 13,19,21,22,24, ije 1 elements from Bébbacombe Cliff.
13, Iateral view of A3 elemeﬁt, from possibls Type 1 mulfieiemental
assc;cia.tion (partim) (BC-5/bar 1, x50).
19. Iateral view of 01 element, x60 ) from ?two possible Type 1
21, Lateral view of A2 element, x40 § multielemental*associations -

22. lateral view of A3 element, x80 ; (partim) (BC—BZ/bars 1-4),

24. Iateral view of Ol element, x40 )
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(continued)

Figs. 17,18,20,23,26. Type 2 elements from Babbacombe CLiff.
17. Iateral view of 02 elgment, xéO ) from possible Tyﬁe 2 multielemental
© 20. lateral view of B2‘e1ement, x30 ) assoclation (partim) (BC-32/baré 5,6).
18. Oblique lateral view of B2 element, x30 ) from fossible Type 2
23,26, Oral, laterai views of 02 eleﬁent, ) multielemental association

x20 - (partim) (BC-22/bars 1,2).

L

Figs. 25,27-32. Ozarkodina sannemannl sannemanni (BISCHOFF & ZIEGLER)
| (P element only)
25,27,28; Oral,outer lateral, inﬁer lateral views. Barton Quairy,
BQ-18/sp1 (x?O): ‘ |
29,32, Oral, oblique oral views. Babbacombe Cliff; BC-11/sp1 (x?O).i
30. Oral view. Babbacombe Cliff, BC-11/5p2 (x80).

31. Oral view. Barton Quarry, BQ-23/Spt (x80).
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Figs. 1,2,6. Elsonella rhenana’ LINDSTROM & ZIBGLER (partim) from Babbacombe

cliff 'BC-32/bars 7-9. |
1. Iateral view of roundyan (A3) element, x25.
2. lateral view of falcodontan (01) element, x80. - | .

6. lateral view of ?oulodontan (N) element, x80.

Figs. 3,7-9,13. Type 1 elements (sensu Klapper and Philip 1971) from Petit Ter
| Beach, from possible Type 1 multielemental associations (partim).
3. Oblique lateral view of A3 element, PB- 3/bar 1 (x80).
-‘:7 9 Oblique oral, aboral views of ?A3 element, PB-12/bar 1 (x80).
8. Iateral view of A2 element, PB-iO/bar 1 (x30).

13. Ilateral view of A2 element, PB-1/bar 1 (x40).

Figs. 4,10,14, Type:2 elements from Petit Tor Beach from possible Type 2
multielemental association (partim) |
4. Iateral view of N element, PB-10/bar 2 (x60)

10,14, Oral, aboral views of 02 element, PB 12/bar 2 (x60).

‘Figs. 5,11,12,15-21,23-26,41. Beledellaispﬁ.
5,11, lateral,basal views. Iummaton Quarry,IM-15/C1 (x40,x90 respectively).
12,16. Laterel,basal views. Lummaton Quarry,LM—iS/Cz (x35,x70 respectively)
15,20. Basal,lateial views; Lummaton Quarry,LM—15/03 (x70,x35 respectively).
17,23. Lateral,basel views. Lummaton Quarry,IM-15/c4 (x50,x110 reépectively).
18324. Basal,lateral views. Lummaton Quarfy,LM—15/C5 (x70,x35 respectively).
19,25, Lateral,basal views. Lummaton Quarry,IM-15/C6 (x50,x110.respective1y).
21,26, lateral,basal views. Lummaton Quarry,IM-15/C7 (x35,x100 respectively).
41, lateral view. Petit Tor Beaeh,tPB—Z/Ci (x35). ,

(5,11. = "B. devonicus"; 21,26, = ﬁg..resimus"; 17,19,23,25. = "B. triang- H

Eé§£l§"; 12,15,16,18,20,24. = ﬁg, resimus" treﬁsitional to "B.triangularis";

41. - B' SP. indet-).
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(continued)

Figs.v22,27-29,31,32,35-37,39,40. Neopanderedus Spp.

22,32. Lateral,basal views: Lummaton Quarry,LM—iB/Ci (x50,x90 respectively).
27,35. Lateral,baeal views. Lﬁmmaton Quarry,LM-16/01 (kSO,x?O\respectively).
?8; Iateral view. Redgate Beach, EB- 2/c1 (x50). . |

29,36. lateral,basal views. Lummaton Quarry,LM—iB/CZ (x40, x60 respectively)
31,37. lateral,basal views. Madrepore Road, MR—1/Ci (x40,x80 respectively)
39. Iateral view. Barton Quarry, MH-1/C1 (x40).

40. Ilateral view. Barton Quarry, MH-1/C2 (x50).

*Fig. 30. Panderodus sp.
30. lateral view. Stentiford Hill, SH-7/C1 (x35).

Figs. 33,34,38,42,43. Coelocerodontus spp.

33,38. lateral,basal views. Lummaton Quarry,IM-18/C3 (x40,x50 respectively).
3%%.hmmLm$lﬁw&me&n%uwﬁ%ﬁﬂ8&ﬂm&r%mﬂhﬂﬂ
(strongly recurved specimen).

42. Iateral view. Petit Tor Beach, PB-2/02 (x40).
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