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Summary

This work embraces the study of the conodonts and the
environments of the Plymouth Limestones (Devonian, South Devon).

Widespredd sampling of calcareous strata in the Plymouth
area has produced cnrnodonts indicative of high Emsian to mid -
Famennian levels.

| The European Conodont Standard is reviewed and comparisons

are made with MNorth American and Australian sgccessions; the South
Devon faunas are examined and discussed in their light. The results
indicate that, on the whole, the Upper Devonian faunas are comparable
but Middle Devonian successions differ in some respects. ‘ost of
the diagnostic conodonts are treated systematically and several new
'form-species are introduced. Correlation based on the conodont
faunas are presented for most of the disjunct sections.,

The Plymouth Limestones are discussed in the context of the

Variscan geosync1ine'and Cornubian palaeogeography. A review of
the Devonian carbonate buildups, and the facial differentation therein,
is followed by an assessment of the local situation in terms of
possible European counterparts. It is suagested that the carbonate
cémp]ex developed in anarea of shallowing within the geosvncline and
was unrelated to a northern.shelf.."Rather, a restricted environment
is indicated to the east and southeast in which direction a Plymouth
Schwelle may have had its maximum‘relief. Conodont biofacies are .

- discussed and assessed in relation to the Plymouth distributions and
the inferred environmental picture.

An appendix includes biostratigraphical detail, and diagrammatic
presentation of sample location and composition and distribution of the
conodont faunas in space and time.  The conodonts are illustrated on
thirty-six plates of stereoscan photographs.
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PART 1

INTRODUCTION




“General Intreduction

The Plymouth Limestone of South-west Devonshire consists of a
carbonate complex scme six miles long (east - west) and, at its maximum,
approximately one mile in breadth (see Fig. 3). The city of Plymouth and
its docklands have been built on, and excavated in, the limestones,
especially in the west, and consequently correlation across the area is
hampered. Furthermore, the Variscan Orogeny was responsible for the
upheaval and tearing of the limestone to such a dearee that its present
disposition and orientation .bears no necessary relationship to the'original.
The complexity of the structure, the lack of continuous strike and dip
sections, subsequent metamorphism,and dolomitization, and last, but not least,
the common, often subtle, facies changes, both lateral and vertical,
contribute to the difficulties confronting one in any attempt to elucidate

the stratigraphy and thereby gain an insight as to the nature of these
Such an attempt has been made by the use of conodonts.

" limiting factors.
The study has mainly concentrated on the immediate area of Plymouth
(see fig. 18) westward to the limestone's edge around Mutton Cove and Cremyl
and eastward to the area of Plymstock; the limestones apnear to be most
variable within and across this area. The study has also embraced
goegraphically isolated limestone developments outside the main area, in
East Cornwall and (not included in this report) in central South Devon,
By vay of presenting some temporal parameters, the conodont faunas of
calcareous horizons within the argillates below (e.g. Rum Bgy) and above

(e,g. Neal Point) have also been incorporated within the study  (see

Figs. 3 and 18). The main limestone development is herein considered to span
the period from the mid Eiflian to the mid Frasnian, with some evidence

of it extending into the Famennian. The earliest faunas studied indicate

the late Emsian/lowest Eiflian, and the youngest - the Middle Famennian.

Apart from the Introduction and the Appendix the report is arranged in
two main parts: 'The Conodonts' and 'Facies and Environments'., In the
former, the Devonian conodont zonations are reviewed, and the Plymouth
faunas assessed in their light. The systematic section involved a form
taxonomic treatment of the stratigraphically valuable platform conodonts
with an emphasis on the !*iddle Devonian and early Upper Devonian. The



form genus Icriodus, often ignored, is treated in as much detail as the
material allows, while common species of Palmatolenis on which a wealth
of literature exists, are only noted,

In the third part of this work, the Plymouth environment is assessed
in terms of its regional context, the carbonate environment, and the conodont
biofacies. The sedimentary aspect is unavoidably treated briefly but it
is hoped some pointers are included and in terms bf conodont distributions
there is considered to be much scope for future work on relating these to
other faunal distributions.

The Appendix includes locality detail of the conodont samples and
notation of the other faunal elements of the limestones within the context
of the general stratigraphy. A sketch map of the structure is also
included within the twenty two figures, and thirty six plates i1lustrate
the didgnostic conodonts.

Historical Introduction

"Another spot, affording instances of she]lé in primary limestones,
is in Devonshire, - On the seashore on the east side of Plymouth -
Dock, opposite to Stonehouse, I found a specimen of schistose,
micacecus limestone, containing a shell of the bivalve kind: it
was struck off from the solid rock, and cannot possibly be

" considered as an adventitious fossil.!

So wrote Playfair in 1802 (p. 163) in his I1lustrations of the Huttonian
Theory. This affords the first record of organic remains from the
Plymouth Limestone and it-is notable that it comes from such an historic
work. The record appears to have gone un-noticed however, for a decade
later Berger (1811, p.103) wrote of the limestone "I did not discover
in it any impressions of organic bodies, and I did not hear that they have
ever been found in it", A debate seems to have ensued for several years
on this subject and Richard Hennah (1824) must take the credit for finally
settling the question with his Succinct account of the Lime Pocks of
Plvmcuth., It is interesting to note that while Hennah found that organic
remains were “nowhere common” in 1815 (p. 411), a few years later he had




evidently 'got his eye in' for he writes that "these remains pervade
almost every part of our limestone" (1819, p. 620).

In 1830, Prideaux wrote of the Plymouth Limestone in his survey of
the area between the Rivers Plym and Tamar. His observations were
essentially lithological and yet, as later noted by Lonsdale (1840, p.725),
he must take some credit for relating the limestones to the 01d Red
Sandstone. Prideaux (1830, .p.36)wrote of the limestone's "red hue" and
furthermore distinguished the development from "that further east which
Mr. De la Beche refers to the Carboniferous series.”

The Plymouth Limestone was established in a stratigraphical context by
Sedgwick and Murchisoﬁ (T837-40; p1.50)'when they produced their geological
map of Devonshire and Cornwall and included a section from Plymouth to Bolt
Head through 'Catdown'.and Mount Batten (p1.51,fig.5), and from Dartmouth
to the Limestone (p1.51,fig.9).  They included the Limestone in the
second of their five great groups- the Upper Limestone Group (1837,p.653)-
on which they later based the Devonian System (1839, p.701). The Plymouth
Limestone can claim to have contributed to this significant work in so
much as it was a study of Hennah's collection from the Limestone that
first led Lonsdale to suspect the distinct nature of the South Devon faunas.
Lonsdale (1840, p.721-5) included a detailed survey of the work on these
limestones in the palaeontological work which induced him".. to suggest
that the South Devon Timestones are of an intermediate age between the
- Carboniferous and Silurian Systems, and consequently the age of the 01d
Red Sandstone" (Lonsdale 1840, p. 727). De la Beche (1839, p. 64-5) listed
J. de C, Sowerby's determinations of Hennah's material and a year later
the illustrations of fossils (plates 52-55) which accompanied Sedgwick &
Murchison's classic paper, again after Sowerby, were mostly from the
Plymouth Limestone. Around the same time, Philips (1841) also included a
synopsis of species and geographical distributions in which the Cornubian
Devonian faunas were compared with those of the Carboniferous and Silurian
and with Eurcpean counterparts; Philips included a "Plymouth Group".

In the half century 1850-1900, the Devonian faunas were to become
increasingly well known due largely to the monographs of Milne-Edwards
and Haime (1850-4) on the corals, Davidson (1864-84) on the brachiopods,
Salter (1864-83) on the trilobites, Nicholson (1882-92) on the
stromatoporoids, and Whidborne's (1889-1907) general account
of the Devonian fauna; the fauna of the Plymouth
Limestone figured significantly in some of these, particularly



that of Davidson. The latter author figured many bfachiopods from
Plymouth (1864-5, plates 1-4,-8, 11-14, 18) including many of Sowerby's
types and he mentions Mount Wise as an important locality (Davidson 1864-5,
p. 124-5),  Davidson related the Plymouth Limestones to those of

Torquay and Newton Abbot and included a probable correlation of Middle
Devonian formations (p. 125- af ter Champernowne). Milne-Edwards and

Haime (1850, p.28) cited Plymouth as one of three principal collecting

areas but included only two illus trations of Plymouth corals (pl. 49, fig.5;
pl.51, fig. la). Nicholson (1882-92) records some stromatoporoids from
Plymouth but did not figure any, most of those figured originating from the
Triassic conglomerates of Teianmouth., Vhidborne's (1889-1907) monograph
of Devonian fauna did not include any reference to the Plymouth Limestone,
and though Salter (1864-83), in common with Philips and Sedgwick (1852),
talked of a "Plymouth Group", no trilobites were known from Plymouth itself,

McCoy 1854 also included some fauna from the Limestone.

A second controversy involving the Plymouth Limestone lasted longer
than the questicn of the fossil content: this involved the relation of the
Limestone to the slates to the north and south. Both Sedgwick and Muchison,
and de’ 1a Beche considered the limestone within a normal sequence which
younged southward. Sedgwick (1952, p. 17-19) went some way towards correcting
this misconéepiion when he related the Plymouth Limestone in his "eight
hypothetical intervals in South-west geology" but the "Dartmouth Group" were
stil1 considered to 1ie above the Limestone. Doubts were apparently first
raised by Jukes (1867, p.82-3) who on a "flying visit" to the area thought
that the (Staddon) grits were "brought up by an anticline, accompanied by
inversion as well as contortion, and that this inversion may even affect the
southern borders of the Plymouth Limestones". It is noteworthy that Jukes
was evidently correct in his latter hypothesis. A year later, Holl (1868,
p. 443-4) briefly discussed the possibility of the seaquence being inverted,
but built his essay on the existence of an "Upper South Devon Group" 7
overlying the limestones on the south, and a "Lower South Devon Group" passing

under them on the north.

Dy 1890, Ussher was able to write on the years of uncertainty during
which time both he and Champernowne had teen forced to change their minds.
Apparently it was Whidborne's unrevealed Lover Devonian fossils from the
Cockington Beds which settled the question for him, but not, presumahly, for
Vorth. In reply, Worth (1891), drawing on a wealth of experience and an '



intimate  knowledge of the P]ymouih Limestone, questioned the necessity and
foundation of Ussher's assertion that the whole district was inverted. Vorth

(1891, p. 384-5) argued convincingly that the shales below the limestones

to the north vere in their rightful place. In particular he noted that

they had the appearance of a reef-foundation and not it's crumbling

superstructure, and also the volcanics associated with these levels, if later,

should have altered the limestones. Worth was right but he vas talking of

" those immepiately below the Limestone and not, as Ussher was, of those
further to the north.

Vorth must be mentioned fér adding.much to our knowledge of the Plymouth
As early as 1872 (p.62-3) he discussed the growth of Timestone
but here he was again thinking,
Horth

Limestone.
"reefs" in terms of an initial mud bank,
incorrectly, in terms of a later arenacecus (Staddon grit) phase.
(1888, p. 421-3) recognised, "with very little doubt", Guppy's modern Pacific

Limestone environments and he thought the Limestone was probably fringing a

land mass at no great distance. Other papers by Yorth include his works on

Plymouth fossils (1877), igneous rock types (1885),drift deposits and bone

(including human) cave remains.

W.A.E. Ussher was the author of many papers on the Plymouth Limestone
in the late nineteenth century and these culminated in the Geological
Survey memoirs on the Plymouth/Liskeard (1907) and Ivybridge/Modbury (1912)

Prior to these works, papers of note include those on the south

areas.,
on the

vestern area (1881 - later "condemned" by Ussher 1900, p. 62),
railway cut sections (1882), and several others which include some useful

discussion on South Devon geology (18S0b, 1900, 1907/8).

Previous Hork

Subsequent to memoirs by Ussher, the Plymouth area received sparse
attention for half a century. In 1951, P.K. Taylor published his work on
the tetracorals of the Plymouth Limestone on which he based his map and his
block diagram of the structure. Taylor's divisions, numbering nine, were
predominantly 1lithological (see the legend of his map), thouah his
correlations were essentially based on the work on corals of Vedekind and his
school in Germany, which subssaquently fell into disrepute as discussed by |
Middleton (1959, p. 138-40). The latter author worked on the coral fauna
of comparable limestones in the Newton Abbot area, and his observations on



the difficulty of working with the coral faunas from these limestones is
equally applicable in Plymouth,

In 1951, Scott Simpson authoratively discussed the Marine Devonian of the-
south-west and in a way heralded the third phase of detailed stratigraphical
work of vhich he writes. .He was, perhaps, premature in accepting TayTor's
findings however. Dineley (1961) similarly reviewed the Devonian strata
.with special emphasis on South Devon and presented a model for the reef
environment of the Torbay area. |

A number of contributions from Hendriks (1951, 1959, 1966) are worthy
of note. Though working mainly in Scuth Cornwall, this author first evolved
the idea of a Staddon Schwelle and her detailed work on the successions scuth
of Pjymouth contributed much to the understanding of the reqgion. Hendriks
. (1966) wrote of the developmert of four unlike facies of Micdle Devonian

age: the Padstow slates, the Gramscatho and Statton Grits, and the Plymouth

“Limestone.

Fyson (1962) worked on the structural features of the Devernian rocks
near Plymouth and evolved a sequencea of tectonic events for the area, as
vell as .elucidating the regional fold and fault configurations.

House (1963) described a goniatite fauna from Yarren Point on the Tamar,
north west of the Limestone and reviewed the Devonian ammonoid successions
in Devon and Cronwall.  House (in House and Selwood 1965, p. 54-5) briefly .
revieved the palaeontology of the Plymouth Limestona and presented the
limestones within their regional context. At this time the Varren Point
goniatite bed, or rather the green shales in which it occurs, was considered
as lying above the Limestone, the carbonate environment having been superceded "
by the deeper water shales by the Middle Frasnian, ’ ‘

Braithewaite presented several papers on the subject of the Devonian
limestones. In 1965, this author re-interpreted the structure of the Plymouth
Limestone and enerally refuted Taylor's earlier model, concluding that
the Limestone was a southerly inclined sheet, locally overthrust tut involving
no major inversion. Braithewaite (1966) described the petrology of the
limestones and a year later discussed the carbonate environments; this latter
work suffers notably from the lack of a stratigraphical basis; but includes

some useful observations.



More recently Scrutton (1971) has reviewed the distributioh of rugose coral
faunas in south west England and includes an assessment of the older faunas
("Cyathophyllum", "Petraia"), and a facies interpretation within the Torbay

. area.

British Devonian conodonts

Apart from the record of conodonts from Newton Abbot by Young (1880,
in — ), Dineley and Rhcdes (1956) were the first authors to describe
Devonian conodonts from England. Their results were not outstanding insofar
as‘three quarters of their samples were barren, but they did indicate a
hitherto unrealised potential. Dineley and Rhodes (1956, p. 244) described
five Davonian faunas, all of which were Upper Devonian in age and came from
the Torquay, Chudleigh and East Ogwell areas. This work is also notable for
the first record of 'Ordovician' conodonts in the Devonian faunas, though
these authers, as it turns out, were incorrect in favouring derivation of
thess, rather than extended ranges. Rhodes and Dineley (1957a, p. 356)
subsequently reiterated this belief in the first systematic treatment of

British Devonian conodonts. These authors described, and figured a number -

of diagnostic forms, including Polygnathus varcus and Spathognathodué brevis,
from a borehole section atrsishopsteignton; their basal fauna, at least,

was probably Middle Devonian in ace and thus provides the first such record.
In their supplement, Rhodes and Dineley (1957b, p. 1175) include recognition
of Devonian "Belodus". '

Matthews (1962) described a Middle Devonian conodont fauna from Neal
Point on the Tamar and another from the Lummaton Shell éed, Torquay (1970).
From South Cornwall, Harvey (1967) reported Lower Devonian conodonts, and '
more recently Hendriks et al. (1971) and Sadler (1973) have reported Lower,
Middle and Upper Devcnian faunas from this area. In the Torquay region,
Austin (1967, p. 282) briefly mentioned a Middle Devonian Icriodus fauna -
from Hopes Nose while more recently Tucker and van Straaten (1970a, b) have
reported Famennian faunas from the Saltern Cove area and from the Chudleigh
region.  Smythe (1973, p. 619) included a report of low Eiflian Icriodus
from the Brixham Linestone.



Apart from Rhodes and Dineley's early work (1957a), Kirchgasser (1970)
remains the only author to have systematically treated Devonian conodonts
from Britain; his faunas came from the Padstow region of Morth Cornwall and
straddled the Middle/Upper Devonian boundary. Orchard (1972) reported on a
similar interval within the Plymouth Limestone,

An additional reference fromoutside the Cornubian Province comes from
the work of Reynolds (1973) on the material from the Steeple Aston borehole
- of Oxfordshire: a fauna dominated by Icriodus appears to be Famennian in age."




Introduction and Techniques

This study has involved the acid digestion of some 257 kgs. of
limestones, with a resulting fauna of apprbximate]y 7500 individyal conodont
elements. This represents 205 samples of which 97 proved to be barren. 0Of
the others 63 were of probable Middle Devonian age (average yield = 22/kg) and
45 of Upper Devonian age (average'yield = 67 /kg.). Overall, the average
yield vas 22[kg., and of the productive samples it was 41/kg.

In common with other stud1es, the r1ch1y organic coral - stromatoporoid
limestones were on the who]e found to be barren, though of course there is_
little matrix material in which the conodont might be found. The biocIastic
limestones proved to be reasorably productive and the fine detrital horizons
were amongst the richest, especially the red/pink Upper Devonian crinoidaTl
limestones.  The Middle Devonian pelsparites and biomicrites usually yielded
a few conodonts but large samples were usually necessary to obtain a reasonable
fauna. The argfl]aceous Timestones and calcareous shales at the base of
the limestone succession proved to be variable,the best faunas coming from the
detrital lenses. Limestones which were dark, araillaceous, and devoid of
macrofauna or characterised by amphiporoids were invariably unproductive, \
Some Upper Devonian pure micrites yielded quite rich faunas. The richest of
all came from red calcareous shales and argillaceous limestones.

The 1imestone samples vere treated in a standard manner. It was found
that the collection of large blocks of limestone facilitated thorough washing
thus minimising the risk of contanination, and also, on the whole, yielded a
less fragmented fauna, though more sldw]y. The blocks were digested in 10-15%
acetic acid, the residue passed through 16-20 mesh (1000 microns) sieve and
collected in a 140-150 mesh (100 microns) sieve. After drying, the residue
was separated in tetrabromoethane or bromoform, the heavy concentrate washed
in acetone and then further separated in an electromagnetic separator, The
latter effectively separated the Fe-dolomite. Mo way has been found to
separate pyrite. The remaining concentrate was then picked under a binocular
microscope, all conodont fragments being separated to ensure a total appraisal
of the fauna; in some samples, fragments were subsequbntly matched. Other
elements of the fauna were also separated: pyritised ostracods, dacryoconarids,
microgastropods, bryozoans. The light concentrates of the residues were also
examined to appraise any additicnal characters of the rock, and some micro- fauna

was also found therein.
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Selected specimengs were subsequently mounted on a half inch diameter
aluminium stub for stereoscan photography. A mounting medium of Durofix
‘vas found to provide a good background and to be easily dissolved (in acetone)
for recovery of the specimen. Siver-dag did not provide a good background
(e.g. P1.9, figs. 1,10) and it was subsequently very difficult to remove the
specimen.  The specimens were coated in carbon and then gold-palladium alloy
which gave a good conductive coating for full and prolonged examination at
the full range of KV and magnification. A coatiﬁg of aluminium was not found
to be suitable for work on higher than 7.5 KV and even at this setting, the
specimens charged up badly..  The advantage of aluminium is that it can be
removed, in a solution of sodium hydroxide, whereas gold-palladium cannot.
However, inso much as some of the Plymouth material is white and therefore
difficult to examine indetail, the latter coating provides a permanent aid to
examination under a normal light source. '

Between six and thirty individual specimens were mounted on each stub
in such a viay as the view of each vas not impeded by another. Icriodus,
Polygnathus and Spathoanathodus were spaced around the periphery of the stub
anterior to posterior with the aboral surface parallel to the stub, and the
sides perpendicular to it. - In this way standard oral and side views can be
taken systematically at zero and maximum tilt respectively. For the aboral
views, the specimens needed to be remounted but the peripheral arrangement
is not necessary; the same applies to photographing Palmatolepis and
many of the blades (uniess of course a lateral view is required). Cones
are best arranged side by side, perpendicular to the stubs edge and horizontal
to the stubs surface - thus lateral views are taken at zero tilt and aboral
- outlines can be viewed at maximum tilt.

For standard views, a magnification of 100x or 200x was normal, more
rarely 50x and 500x. A KV setting of 7.5 is the one which has been used
for most of the photographs. Above this the contrast is greater and a
"bright edge" to the perimeter and high spots of the specimen is common,
though for greater magnification a higher KV gives a better resolution.

A second to maximum spot size was employed; standard film was used.




-1 -

‘ DEVONIAN CONODONT ZOMATION

It was the work of Huddle (1934) and Hass (1947) which pioneered
efforts to erect a Devonian conodont zonation. Their studies in the black
shale sequence of central United States included the Upper Devonfan in part,
but it was in Europe where significant steps were taken to establish such a
zonation. In the 1950's, several German workers began to apply the
considerable potential of conodonts as a stratigraphic tool. Prominent
amongst these are the works of Sannemann (1955a, 1955b), Bischoff (1956, 1957),
Ziegler (1956-74) Miller (1956a, 1956b 1962), Helms (1959 1961, 1963), and
Wittekindt (1965) ‘

Elsewhere in Europe, .the work of Bultynck (1965-1974) has proved valuable,
and contributions from other countries have verified the widespread app1iéability
of the schemes established by Bischoff and Ziegler (1957) and Wittekindt (1965)
for the Middle Devonian, and in particular Ziegler (1962b) for the Upper Devonian
(see Ziegler 1971, p.230 for 1ist).

In North America, the work of Klapper (1970, 1971) in New York, and Orr
(1971) in the I11inois. Basin, have also provided separate schemes for much of \
the Middle Devonian. The correlation between these and with the European
Standard is a ontinuing task.

In Australia, Pedder, Jackson and Ellenor (1969) erected a zonal scheme
for the Middle Devonian Timor Limestone successions, and these too differ in
some respects from the European Standard.

The Upper Devonian zonat1on is, for the most part, generally app11cable
world-wide.

Fiqure 1 demenstrates the present schemes and their relationships.
The following is a systematic review of the conodont successions of the period
covered by this study, with an emphasis on the problematical intervals.
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The Conodont Zonation of the Euromean Mid&1e Devonian

Foreword

The Middle Devonian of Germany is divided into lower Eifel Stufe and
upper Givet Stufe.  The Belgian Couvinian approximates the lower division,
though at its base it includes the uppermost Emsian of German usage.

The standard biochronology is based on ammonoid biozones, the Eifelian
being approximately coincident with the range of Anarcestes, and the Givetian
with the Stufe of Maenioceras; besides conodonts, parachronologic subdivisions.
are based on trilobites and brachiopods. -

The base of the Couvinian, the Ems / Co;, (sensu Mailleux) boundary, has
been reviewed by Bultynck (1970) in the stratotype section, but how this relates
to the German situation and the Emsian/Eifelian Boundary has been the subject of
. much disaccord in the past. It is here intended to review the situation only
as it relates to the conodont successions.

. Bultynck (1967, 1968, 1970) recognised similar. conodont faunqs in the
basal Couvinian division, Co]a, and in the Heisdorf Beds of the German Eifel,
 and consequently drew a parallel in the base of these two sequences, which
have in common a number of fossil appearances (Bultynck 1970, fig.13).

o From the work of Carls et al.(1972), it appears that the base of Coy,
corresponds to a level within the Vetteldorf Beds (below the Heisdorf of the
Eifel.  Furthermore Co]ais considered to be equivalent to the Ballersbacher
Kalk (in part) of the eastern Rhenish Schiefergebirge.

Definition of the base of Eifelian is complicated by the paradoxical
situation in which the Heisdorfer Schichten of the Eifelian Hills, traditionally
assigned to the uppermost Emsian, and the Ballersbacher Kalk of the Rhenish
-Schiefergeb%rge which has yielded Lower Eifelian ammonoids, both contain
“identical conodont fauna, namely an association of Icriodus corniger,
Polyagnathus 1inguiformis linquiformis and Po, costatus patulus. Carls et al.
(1972) in fact show the Heisdorf and the Ballersbacher Kalk to be in part
correlative, and they draw the Emsian/Eifelian boundary at the junction of
the Heisdorf and Lauch Beds of the Eifel and equate this with the boundary of
Cola and Co]b in Belgium,.and to a level within the Ballersbacher Kdlk which
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would thus straddlie the boundary.

European Middle Devonian conodonts, as such, were first described by

Bischoff and Ziegler (1957) who recognised many new forms and presented

extensive doverage‘of stratigraphical range. The subzones erected around

the Hidd]e/Upnen Devonian boundary by these authors, was refined by Krebs (1959).
The next contribution to a zonal scheme came from Wittekindt (1965) who '
erected seven Middle Devonian zones in the Harz Mountains, the uppermost one
~of which (the transversus Zone) was subsequently rejected by Ziegler (1965a)
who further refined the zonation by introducing the hermanni-cristatus Zone.
Ziegler (1971) summarised the then state of knowledge and united the two lower
Givetian zones of Wittekindt as the Icricdus obliquimarginatus Zone,

Within the BeTgian Couvinian, Bultynck (1966-1972)contributed significantly
to the understanding of mid-Devonian conodont successions and thereby faci]ifated”
more precise intra-European correlation. In particular his work on Icriodus
has produced an additional species complex for use as a zonal parameter,

The following is a systematic review of the standard Eurcpean conodont
zonation during the mid Devonian. '

The Nonlatericreécid'Icriodus-Faura of the "Upper Emsian"

The record of the late Lower Devonian non-latericrescid Icriodus-Fauna,
Tong in need of taxonomic revision and redescription, is now better known
largely due to the works of Klapper and Ziegler (1967), Carls and Gandl (1969)
and Bultynck (1970, 1972). This fauna, as established by Ziegler (1971), is
found in the middle and upper part of the Upper Emsian according to Ziegler
(1971,'p.248) and is characterised by four jcriodids, namely:
I. aff. corniger, I. corniger, I. aff. angustus, and I. anaustus;

this is not L; angustus - STEWART-and SWEET 1956 , in fact but rather
I. cullicellus BULTYNCK, These forms represent the culmination of an

. P e ]

evolutionary trendrinvolving the reduction, and finally the loss of the lateral
~ processes which are typical of the earlier icriodids with which the former
are linked through the forms I.sigmoidalis and I. fusiformis, according to
Carls and Gandl (1969). This development began toward the top of the span
of the subjacent informal division - the I. bilaticrescens - Spathognathodus
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steinhorncnsis steinhornensis - Pelyanathus Fauna, in which I. aff. corniger
is first recorded. The latter form .appears to be restricted to the Emsian,

but the other three icriodids range into the Eifelian.

In 1970 Bu1fynck, working in the Belgium Ardennes, recognised Zone 1
of his conodont successicn in “Em3". This was characterised by
I, Jatericrescens bilatericrescens, the disappearance of which marked the top
of the zone. MWithin this zone, (which lies toward the middle of the"Assises
de Hierges") he also found I. cullicellus(an elongated variety),l.cf.corniger,
and forms transitional between I. 1.bilatericrescens and I. corniger
(= 1. aff. I. fusiformis sensu Bultynck 1972).  Bultynck's Zone 2 spanned
a period from the base of Co']a to the top of COZbIV and was characterised by
I, corniger; the base of-this zone was not fixed due to the transitional
nature of the specimens whiCh were found above the first zone (an interval
which is, in any case, unsuitable for extensive sampling). Bultynck's level
2 (Coy,) was furthermore characterised by the regular appearance of
1. nodosus rectirostratus (= I. rectirostratus), vhich was confined to that.
level, in asscciation with I. aff. I. fusiformis and a short variety of
1, cullicellus., ‘

More recently Eu]tynck'(1972), has presented a study of Middle Devonian
Icriodus assemblages which facilitate a more precise definition of, and
delimitation within, this late Emsian and early Couvinian period, Bultynck
recognises two l1ineages at these levels, namely the Icriodus huddlei huddlei
descendents and the I. bilatericrescens bilatericrescens descendents; the
former gives rise to I. cullicellus and the latter leads to the I. corniger
associations (see also Ziegler and Klapper 1967, fig.2)

I. cullicellus is recorded from within Em3, Co]a and less frequently
up to a level within Colc‘

Bu]tynck recognises three assemblages in which I. corniger type element
occurs; an assemblage composed of I. aff, I. corniger, I. fusiformis, and
1. rectirostratus (upper part of Em3), an I.cornicer-I.aff.1. fusiformis
-~ I. rectirostratus assemblage (Co]a). and an I.corniger-1.curvirostratus-
I. introlevatus assemblage which he recorded through the remainder of his
corniger Zone (Coqy, - Co,y IV),




Bultynck (1970, p1.38) notes the occurrence of Icriodus rectirostratus -
and 1. aff. I. fusiformis from the Heisdorf Beds of the Eifel; this is
evidence for the equivalence of Co]a and the Heisdorf Beds.

‘The Icriodus corniger Zone - Wittekindt 1965

.This zone was established hy Wittekindt (1965) from the Ballershacher
Kalk of the eastern Rhenish Schiefergebirge. Associated ammonoids are
Gyroceratites graciTis, Anarcestes latesentatus, and Pinacites jugleri; the
zone, as originally defined, is lowermost Eifelian in age, though P, jugleri
is an Upper Eifelian zone fossil (Erben and Zagora 1968, p.61).

'The~corniqer'Zone, which represents the Eifelian extension of the non-
latericrescid icriodid Fauna of the Upper Emsian, is recognised, according to
Ziegler (1971), by the joint occurrence of Icriodus corniger, Polvanathus
Tinguiformi s lincuiformis, Po. "webbi" sensu Bischoff and Ziegler (1957) and
Wittekindt (1965) (= Po. costatis KLAPPER ) non sensu Stauffer 1938, and
Icriodus anqustus (= I. cullicellus BULTYNCK) non sensu Stewart and Sweet 1956, .
The upber limit of this zone is drawn below the first occurrence of - )
Spathoanathus bidentatus,but the lower limit is unsatisfactorily defined.

Since the Ballersbacher Kalk is now considered to be Emsian in part
(Carls et al., 1972), and because the diagnostic icriodids appear to have
evolved within the uppermost Emsian, the corniger Zone, as originally conceived,
clearly embraced part of the Upper Emsian.

However, according to Ziegler (1970, p.252), Po. costatus is indicative.
of the Eifelian part of the "corniger association” since this form has not
been found in the Emsian, so the present concept of the Zone would appear to

be Eifelian.

Bultynck (1970, p.60 and p1.38) noted that this polygnathid (Pa. cf.
"webbi") first appedred at the Co]a - Co]b -boundary which was within his
zone 2.  Thus the base of the corniger Zone s.s. equates with this level
within the Belgian Couvinian; “he further recognises this form, albeit
sporadically, from the interval Co]b, C‘o1c and COZbI. Bischoff and
Ziegler (1957, taf. 5, p.135) recorded Po. costatus from the whole of the
Middle Devonian but Ziegler (1971, chart 2, p.253) recorded it from throughout
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the Eifelian (Wittekindt's range) and only questionably in the Givetian.
Two phylogenetically linked subspecies of Po. costatus are recognised ,
Po. costatus patulus and Po. c. costatus, the former being the earlier.

‘ It seems desirable to make a . clear distinction between the corniger
Zone (of Lower Eifelian age) and the corniger association (which appears to
span the Lower/Middle Devonian toundary). The corniger Zone ggggg Bultynck -
(1970,>1972) appears to be sligitly different from Wittekindt's (1965)
and Ziagler's (1970) concept of the zona, and is rather a record of the
"corniger - association"; Bultyrck records I. aff. 1. corniger but not
I. corniger s.s. below the base of Coy,. | . ~

Bultynck's (1970, 1972) vork on Couvinian Icriodus provides some:
refinement within the_corniqer.Zone. The following assemblages have been
suggested:

~The 1. corniger - I. curvirostratus - 1I. introlevatus assemblage
ranging within Coyp Co]c‘ and Co,, _, (partim).
]

The I. curvirostratus =~ I. introlevatus éssembTage found in the
topmost Cozb, in C02c and C02d. (This represents the last stage in the
evolution of the I.corniger group and 1is mentioned here since its first
occurrence could be taken as indicatiwe of the upper limit of that zone);

The I. - expansus = I. retrodepressus assemblage - These two forms
appear at a level approximating the Lower/ Upper Couvinian boundary - "level b"
of Bultynck's (1970) zone 2 (the top of Co]c),and range into the lower part of

C°2b; they thus correspond to the middle part of the corniger Zone, Though
at these levels the two forms are end members of a morphological transition
series, atove the top of the Co2b interval, only the I. expansus elerent is
found.

The 1. aff. I. anqustus (= I. cullicellus) assemblage-as mentioned
a small variety of this form is more common in the Middle Devonian, specifically
within the interval Coqpy -‘Co]c (partim).
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Ziegler (1971) recorded "I. 'amustus" throughout the corniger Zone
and questionebly throughout the Eifelfan.  In North America (g.v.),
1. angustus sensu Stewart and Sweet is the nominate species of an "Upper
Eifelian" zone, but the European form is quite distinct and clearly not the
same as this. In addition,-Bultynck has recorded the form species I,
"symmetricus" subsp. a fromCo,y (rare), Colé - Co,p 119 Cogy, 111 o1y
(rare), and I nodusus" subsp. a from Co,. (rare) and Co, [ _q1.

Bultynck (1970) dis tinguished three morphotypes of Polygnathus
linguiformis lingquiformis fram the Belgian Couvinian, namely oX, 3 and ]S
it is noteworthy that he found the former two to range within his corniger
Zone: X morphotype - rare in Coys Cop y - pp3 (3 morphotype -
in COZb I only. ' : :

It was the presence of the latter that marked "level c" of Bultynck's
(1970) Zone 2. '

Klapper (1971) described a new subspecies of Po. linouiformis from the
Nedrow Member of the Onondaga Limestone of New York. This form,
Po. linquiformis cooperi, was figqured by Bultynck (1970, p1.9, fig. 8-11) who .
called it Po. linguiformis linquiformis (undifferentiated);  his specimens all
came from C°2b' Again, this represents a level within the corniger Zone.

Mirauta .(1971) recorded a new species, Polyqnathus dobrogensis from the
Eifelian and lowermost Givetian of North Dobrogea.

The Spathognathodus bidentatus Zone  Wittekindt 1965

This, the second of Wittekindt's zones, was first described by him from
the lower part of the Glnteroder Kalk of the Rhenish Schiefergebirge,
Associated ammonoids are Wernoceras ruppachense, Fordites occultus, and Pinacites

Jugleri,

The bidentatus Zone is characterised by the occurrence of the nominate
species in associatfon with Polyanathus angusticostatus and Po. eiflfus. The
first occurrence of the name-giver marks the lower boundary; the upper limit
is marked by the appearance of Po. kockelianus.
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Spathognathodus bidentatus was first described from the Ballersbacher
Kalk of the Harz Mountains, Germany (Bischoff and Ziegler 1957) where it is
found together with Icriodus comiger. Although they did not record it
from the Gunteroder Kalk (i.e. the upper part of the Eifel Stufe), both
Wittekindt (1965) and Ziegler (1970) recorded S. bidentatus throughout the
bidentatus Zone and questi mably into the basal Givetian. The joint
occurrence of S, bidentatus and 1. corniger is evidence for the
equivalence, in part, of the Ballersbacher Kalk and the Glinteroder Kalk,
and indeedxfhe extension of I. corniger into the zone above; this is,
however, contrary to the situation within the Belgium Couvinian.

Bultynck (1970) recorded the range of S. bidentatus from within Cogy
(uppermost Couvinian) through Gi, and in Gi (partim). According to definition
there appears to be a significant discrepancy between the 'base' of the zone in
- Belgium and in Germany. Similarly, in Belgium Bultynck (1972, p.72, fig.1)
draws the top of the corniger Zone at the last appearance of the nominate
species (top of Co,y, IV)’ wher@s in Germany the latter extends into the
bidentatus Zone sensu the German workers.These inconsistences remain a problem

for the present.

Polyanathus anqusticos tatus is recorded, in Germany, from the base of
the bidentatus Zone to the top of the Eifelian, although it is less common
in the upper parts of the range. In the type section at Couvin, Bultynck
(1970, p1.38) records the range from Co2c 1174P to the Couvinian/Givetian
boundary (rare in Co,., and Co,,). It would seem that there is a fair
agreement between the Belgian and German occurrences of this form and
therefore it may represent a more suitable zonal index, all the more since
the species range is more restricted than S. bidentatus.

Originally described from that part of the Eifel-Stufe above the )
Ballersbacher Kalk (Bischoff and Ziegler 1957, taf.. 4), Polygnathus eiflius
has sbbsequently been noted as ranging from the base of this zone, well into
the Givetian in Germany, but it has a very limited rahge in Belgium, according
to Bultynck (1970) who found 1t only in C°2c/IV (kockelianus Zone).

A number of species occur in the bidentatus Zona for the first time.
These are (from Wittekindt 1965 and Ziegler 1971): Snathoanathodus obliquus,
Polyanathus angustipennatus, Po. pseudofoliatus, Po. xylus, and Po. robusti-
costatus., The last two appeared later than the others according to Wittekindt
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(1965, taf, 1) but Ziegler (197C, chart 2) notes them all making their
appearancé about the middle of the zone. The Couvinian ranges of these
forms are more refined and apparently more limited. S. obliquus was not
recorded by Bultynck (1970), though Ziegler (1971, p.255) thought that S.
bidentatus transitans -BULTYNCK (= Po. intermedius) may belong partly in
S. obliquus. The ranges of the'palygnathids, modified after Bouckaert and
Streel (1974) are as follows:

Po. pseudofoliatus --- COZC'IQ7R, rare in COZC T sporadically up to the
middle of the varcus Zone (where it grades into Po. dubius) ; Po. xylus ---

Coze 1V/R.

Polygnathus webbi sens Ziegler 1971 and Po. linquiformis 1inouiformis
are long ranging forms vihich are encountered throughout the zone in Germany.
The fcrmér species is now assigned to the forms Po. costatus patulus  and
Po. c. costatus but the exact ranges of each of these forms is unkncwn since
they were not differentiated by Ziegler. This awaits clarificaticn, but in
any @se there is a continuous evolutionary lineage from Po. costatus patulus
through Po. costatus costatus to Po. pseudofoliatus (Klapper 1971), so
differentiation is not clear cut. The § morphotype of Po. linguiformis
linquiformis is the only form which Bultynck recorded above the top of his
corniger Zone. The ranges in the Couvin section .are: Po, costatus costatus

(= Po. webbi sensu Bultynck 1970) ---- Co,, T -V (rare)® ©© 2c1, 02 111,
Po. costatus costatus -> pseucfoliatus ---- rare in Co,. yyy; Po.linguiformis
linquiformis,"forma § " ---- Co,. _ 4 (and above) °

One form vhich appears at these levels at Couvin, but which does not
have a German parallel is Spathognathoedus cf. bipennatus which is found in
Co2b y but not égain until it appears in association with S. bidentatus in the
basal Givetian. This isolated occurrence immediately above the Belgian range
of 1. corniger (Zohe 2 of Bultyrck 1970, p.63) constitutes Zone 3 of the

Couvinian scheme.

That part of the section above 'che’Cozb was divided into two by Bultynck
(1970, p.64). Zone 4, embraced the period Cope 1 -1 - III (partim) and was
marked, somewhat indistintively,by the relative abundance of Po. costatus

costatus in asscciation with Fo. 1. linquiformis. (Zone 5 is discussed in
relation to the following zone).
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In the remainder of the Couvinian above the vertical extension of
I corniger, Bultynck (1972) recognised three Icriodus assemblages
tvio of which have been mentioned in relation to the subjacent zone; the
third ranges from within Co oc The assemblages are:
I. curvirostratus - I. introlevatus assemblage - top of C°2b’ and
throughout Co2c -d I. expansus assewb]age - rare in uppermost Co2b
Cop. . 4 3 L. regularicrescens assemblage - base of C°2c IV/R -
basal Gia . ' ‘

The Po]ygnathus.kockelianus Zone wfttekindt 1965

| This Upper Eifelian zone was established by Wittekindt in, or above,
the Glnteroder Kalk of the German Rhenish Facies; associated goniatites are
Pinacites jugleri, Fordites platypleura, and Werneroceras rupnachense.

The zone is characterised by the joint occurrence of the nominate species
and Polygnathus trigonicus, both of which appear at, and thus define, the lower
1imit of the zone; the upper boundary is drawn at the lowest occurrence of
Icriodus ob1iqgjmarqinatus.. |

Both the diagnostic polygnathids were originally described from the
Kalkige Zwischenschichten by Bischoff and Ziegler (1957). Wittekindt
records them as being confined to this zone, which is consequently very well
defined and easy to recognise, at least in Germany. In Belgium, Bultynck
(1970) recorded Po, kockelianus from Co,, py/p Where it vas restricted to '
‘Tevel a' of his zone 5:; Po. trigonicus was a rare component of the fauna
at this level. Bultynck (1972, fig.1) later questioned the upward extension
of the top of the kockelianus Zone and there are two reasons why this may be'
warranted: firstly, he record the rare occurrence of Po. cf. kockelianus
from Co,y beds, and secondly forms referred to as S. bidentatus transitans
(= S. intermedius) were considered by Ziegler (1970, p.255) to possibly
partly represent forms called Po. kockelianus juv. by Bischoff and Ziegler
Defined as embracing the range of the name-giver, this zone may therefore
be extended upward.
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In Germany, the associated forms found in this zone are the same as those -
which first appeared in the bidentatus Zone with the exception of S. obliauus
which does not range above that zore. These forms are: Po. anausticostatus,
Po. angustipennatus,Po. eiflius, Eg:'xylusl_gg.‘pseudofoliatus and A
Po. robusticostatus; ~ the first is markedly less common toward the top of the
zone, and the first two do not extend above the upper 1imit, but the others
range into the Givetian (Ziegier 1971, chart 2). Po. 1. linauiformis and
Po. costatus costatus also range thromglbut the period, and into the Givetian
(according to Ziegler 1971, chart 2), although Wittekindt did not record the
- latter above the top of the'zbre. |

Zone 5 sensu Bultynck (1970) corresponds to the range of Po.anaustipennatus
in the Couvinian section; this is usually accompanied by Po. angusticostatus
and approximates that time between the Co2C 11/111 boundary and the Couvinian/
Givetian beoundary. Level a (i.e. within the Xockelianus Zone) also marks
the first appearance of‘gg, eiflius, Po. cf. xvlus, Po. pseudofoliatus,

Po. cf. robusticostatus, Spathoonathodus intermedius and Icriodus .
recularicrescens. Level b includes the first typical Po. xylus and corresponds
to the base of Copy . At the top of Copy , the presence of S. bidentatus
characterises level c. '

The range of the polygna thids in Belgium have been reviewed in the
previous section. S. intermedius was recorded by Bultynck from Co2C IV/R and
(rarely) 002c v and as such its range approximates the Belgium kockelianus Zone.

Three Icriodus assmeblages were recognised'by Bultynck (1972) ranging
into this Upper Couvinian zone. (see bidentatus Zone). Icriodus requlari-
crescens was first described by Bultynck (1970) who recorded it from the

base of Co2c IV/R In 1972, it formed the basis of his I. reaularicrescens
assemblage which he noted rangel from the base of the kockelianus Zone in
Celgium, This particular icriodid is considered by Bultynck (1972, fig.17)

to be ancestral rcot-stock of his third, dominantly Upper Middle Devonian

Tineage which gave rise to I. cbliauimarginatus and I. eslaensis.
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The Conodont Zoration of the North American Middle Devonian

In North America,'Midd]e Devonian conodont successions are known
from New Ydrk, the I11inois Basin (I1linois and Indiana), and the Michigan
 Basin. Correlation between these areas and, more particularly, with the
standard European zonation is hampered by the absence of critical index
species in one or the other successions. For this reason, a single zonal
~scheme for the North American continent is precluded at present though locally
the successions are well known. '

The Eifelian of New York is characterised by five faunas(Klapper
et al. 1971), and of these, at least two of the lower three are recognisable
in the I1linois Basin. Klapper (1971) has reocgnised four conodont faunas
within the lower Middle Devonian Polygnathus sequence in New York, while Orr
 (1971) has presented a zenation of the Michigan Basin sequence in which
three zones are established in a comparable interval.

In the late Middle Devonian, Klapper et al. (1971) record three faunas
in the I1linois Basin, the lower two of which are also recognised in New York
and Michigan, - ‘

The North American zonation of the early Middle Devonian differs from
the European Eifelian/Couvinian successions sufficiently to varrant separate
treatment here, but the late Middle Devonian successions are mere readily
correlated and are thus considered with the European equivalents.

The Towest mid Devonian fawa recognised by Klapper et al. (1971) is
characterised by Icriodus latericrescens n. sp. a = I. latericrescens
robustus  ORR 1971. This form characterises the Edgecliff Member of the
Onondaga Limestohe of Mew York (Klapper and Ziegler 1967, localities 1,2,3,5),
‘the Tower Grand Tower Limestore  (Dutch Creek Member and overlying strata) in
southern 11linois, and the lower part of the Jeffersonville Limestone of
southern Indiana (Orr 1971). Orr (1971) established an I. latericrescens
recbustus Zone in the Il1linois Basin which 1s defined basally by the first
occurrence of the name-giver; the top is drawn below the appearance of
Polygnathus "webbi", that is Po. costatus. Orr censiders this zore to be

Lower Eifelian in age.
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~Now, though the Edgecliff has been'independent1y dated, on the basis
of corals (0liver 19€0), as Lower Eifelian, I. latericrescens robustus
is also found at lower levels e.g. in the Schoharie Formation in eastern
New York and the Bois Blanc Formation of western New York (Klapper and Ziegler
1967, locs. 1,2), in association with I. latericrescens huddlei. This latter
form,which is now called I. huddlei huddlei, is found in Europe below the
non-latericrescid Icriodus Fauna, within tha Princeps -, Zorgensis -, and
Sch&nauer-Ka]k‘(within the I. bilatericrescens bilatericrescens-Snathoanathodus
steinhornensis - Polygnathus Faura).  Unfortunately, I. latericrescens
robustus has not ‘been fourd in Eurbpe; but it seems more likely that the top
of the robustus Zone as recognis ed by the appearance of Po. costatus would
correlate with the base of the corniger Zone sensu Ziegler 1971,

The succeeding zone recognised by Orr in the I1linois Basin, is the
Po. "webbi" Zone, hereafter called the Po, costatus Zone. The base of this
"mid Eifelian" Zone is defined by the first occurrence of the name-giver and
and the top is drawn below the first arpearance of Icriodus anqustus. Orr
further speculated on the feasibility of a lower and an upper part, the latter
being characterised by the presénce of Po. robusticostatus.

The oldest polygnathid fauna recognised by Klapper (1971) in New York
s the Po. costatus patulus - Po. linguiformis cooperi fauna of the Nedrow -
and (Tower part of the ) Moorhouse Members of the Onondaga Limestone, Associated
with these two species, are rare Po. costatus costatus, I. corniger, I. nodosus,
and I. latericrescens rotustus. This association corresponds to the lower
part of Orr's second zone and, with reference to the European zonaticn, it most
likely corresponds to the upper part of the corniger zone. Klapoer (1971)
notes that the conodont association at the base of the Leptathyris circula Zone
at Willow Creek, Roberts Mountains, central Nevada approximates the Nedrow

fauna in age. . , , \

The upper part of the Moorhouse (for the most part) 1{s characterised
by the second of Klapper's groups, the Po. robusticostatus fauna, in which
the name-giver is associated with Po. 1. linauiformis o& morphotype, Po.
costatus patulus and 1. latericrescens robustus. This fauna is almost
identical to that recorded from the Detroit River Formation of northern
Indiana by Orr (1971), and differs only in lacking (the rare juvenile specimens
of) Snathccnathodus bidentatus which is present in the latter. Again, with

reference to the Europzan situaticn, this association appears to correspond
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to the bidentatus Zore sensu Wit tekindt, though'by reference to the Couvinian
section the ranges of the equivalent forms are seen to result in a

discrepancy amounting to that interval from C°2b‘II‘ (i.e. the last Po.1.1. ¢ )
to Co, 4 (the first recorded S. bidentatus). Within this interval in Belgium
is found Bultynck's (1970) zone 3 which is characterised by Spathognathodus

cf. - bipennatus, a form which has not been reported from MNorth America.

Orr included the middle part of the Grand Tower Limestone of southern I1linois
and questionably the middle part of the Jefferson Limestone of southern
Indiana, within his'gg, costatus Zone.

Klapper's third polygnathid fauna, which is found in the uppermost

Moorhouse and the Seneca Members of the Onondaga Limestone of New York, is

the so-called Po. costatus costatus - Po. aff. Po. trigonicus fauna. -

Associated forms ~include Po. intermedius and a single specimen of Po.1.1. x';
Po. costatus patulus and I. latericrescens robustus range throughout this
period.  This fauna is indicat ive.of the German kockelianus Zone and is
furthermore comparable with the same level in the Belgian Couvinian. The

same is thought to be true for the overlying strata and fauna from the Cherry '
Valley and Union Springs (Vernoceras bed) Members of the Marcellus Formation
‘iﬁ New York.  The Wernoceras horizon was considered by House (1962, p.254)

to correlate with the basal Givetian,of North African and Czechoslovakian usage.
The polygnathid fauna, the youngést recognised by Klapper (1971), is the

Po, pseudofoliatus - Po. aff.Po. eiflius fauna which is characterised by

an association of the name-giver plus Po. robusticostatus, Po. anqusticostatus
(its highest occurrence), Po. angustipennatus, Po. intermedius, Po. 1. lingui-
formis and rare specimens of Po. kockelianus and I. latericrescens subsp. indet.
This fauna also appears to correspond to the kockelianus Zone, but a difficulty
in tracing it arises from the extreme rarity of Po. kockelianus, and the apparent
absence of Po. trigonicus s.s.,in New York.

A similar problem arises from the absence of I. angustus in the Mew York
successions. This form lends it's name to the "Upper Eifelian" zone of Orr
(1971) which, by definition, is coincident with the range of this species.

The characteristic associatim of I. angustus and I. latericrescens robustus

~ is found in the Dundee Limestore of western Ontario (where it is accompanied

by Po. anqusticostatus), Michigan, and northwestern Ohio. (Klapper and Ziegler
1967, p.74, locality 17 -- associated with 1. corniger). The Tlower part of the
Lingle Formation 1in southern I1linois, and the Silver Creck Member of the North

s



Vernon Limestone of southern Indiana, are characterised by a younger fauna,
one vhich demonstrates the higher range of I. angustus compared with that
of I. latericrescens robustus (which ranges throughout almost the entire
Lower Middle Devonian in Morth America). Stewart and Sweet (1956) first
described I. angustus from the Columbus and Delaware Limestones of central
Mevada, and this is thus included in the anaustus Zone. So, too, is the
upper part of the Grand Tower Limestone in southern I1linois, and the upper
part of the Jeffersonville Limestore of southern Indiana. Both Po, cf,
trigonicus and Po. kockel fanus are absent in the I1linois Basin, where,
according to Orr (1971, p.17), Po. eiflius is confined to the angustus zone.

Because of the reciprocal absence of important index forms in New York
and elsevhere in North America, Klapper et al. (1971) proposed a correlation
based on the highest occurrences of Po. anqusticostatus, Po. eiflius, and Po,
costatus costatus (= Po, ‘"webbi" subsp. B sensu Klapper et al. 1971). This
" correlates Klapper's (1971) two highest polygnathid faunas with the I. anaustus
"Zone of Orr. As mentioned this appears to be equivalent with the German
Po. kockelianus Zone, '

"According to Klapper et al. (1971, p.295), Po. kockelianus is also known
from the Leptathyris circula Zone (Eifelian) of Nevada, the Bear Spring '
Formation of the Llano area, central Texas (associated with Po. eiflius and.
Po. anqusticostatus) and from the subsurface of Kansas. |

The Icriodus obliquimarginatus Zone Ziegler 1970

Ziegler (1970, p. 257) introduced this new zone to replace the eiflius
and the robusticostatus Zones of Wittekindt (1965) which he considered
unwisely named and inadequately defined. Wittekindt believed this period
to be coincident with the lower,middle and,in part,the upper Givetian; the
index goniatite for the period is Sellagoniatites discoides.

This zone coincides with the asscciated range of the nominate species and
Polygnathus klupfeld, The Tower level of the zone is recognised by the
disappearance of Polygnathus kockeljanus and Po. trigonicus and the appearance
of 1,-ob1iduimarqinatus; the upper boundary is drawn at the "mass appearance"

of Polygnathus varcus. _
/" University
Library
K\_ Hull
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1. cblicuimarqinatus was first recorded by Bischoff and Ziegler (1957)
in, and restricted to, the Oderhauser Kalk (lowest Givetian) of the Rhenish
Schiefergebirge. Wittekindt (1965) and Ziegler (1970) both extended its
range well up into the varcus Zone. In the Belgian Counvinian, Bultynck (1970)

. recorded I. ob11ou1maro1natus from G1 and Gib where, in association with

Spathognathodus c¢f. bipennatus, it const1tuted his zone 6. Bultynck

also recogn1sed a similar form, I. cf obliquimarginatus from the upper C02d
beds, and more recently (1972) he records I. aff. obliquimarginatus from
comparable stratigraphical 1eve1s as, but not in association with, the nominate
species. Bu]tynck (1972) noted that his I obliquimarginatus assemblage
(with the nominate species as the single associated form species) is less
common in the upper part of.Gib , and is not found above this level, where_

its place is taken by I. eslaensis.

Po, klupfeli WITTnKINuT 1965 is restricted to the obliauwmargjnatus
Zone, but it is rare.

The obliquimarginatus Zone is subdivided into a lower and an upper pért.
corresponding respectively. to the presence and absence of Polyanathus latus
which appears at the base of the zone,  Wittekindt recorded this form from

his eiflius Zone in Germany, but elsewhere it is very rare, only a single
specimen having hitherto been recorded, from Belgium (see Taxonomy).

Spathognathodus bipennatus, originally described from the Sparganophyllum
Kalk by Bischoff and Ziegler (1957), has also been recovered from the Hbnsel and
Finnentrop beds of the Middle Devornian Rhenish development by Ziegler (1970,
p.258). The latter author believed these occurrences lay in the upper part
of the c¢hbliquimarginatus Zone. S. cf. bipennatus sensu Bultynck (1970), as
mentionad, was found by him in the basal Givetian of the Couvin section
(especially Gi), though he later (1972, fig.1, p.72) records S. bipennatus
extending into the middle of Git,vmich would equate with the German occurrences.
Although Wittekindt did not record S. bigcnnatus, it has been recorded from a .
number of levels throughout the Middle Devonian as indicated by Ziegler(1971,.
n. 255), and hence it 1s not a reliable zonal indice,thouah Bultynck(1970,p.134)
corsiders subdivision of the form mav be possible, and valuable. |

Other associated forms to be found in this zone include the following:
Polyanathus eiflius, Po. pseudofoliatus, Po. xylus, Po. robusticostatus,
Po. costatus costatus, Po.? variabilis, Po. cf. varcus, Po. linquiformis
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linquiformis, Spathqgnathodus bidentatus; §; planus, and Icriodus spp.'

Po. eiflius,despite its former status, is not a very diégnostic form,
ranging through the Tower part of the zone but petering out in the upper;
its occurrence in the Givetian was queried by Bischoff and Ziegler (1957)
in their original description. Po. robusticostatus ranges through the zone
according to Ziegler (1971, p.253) though he has since considered the
Givetian occurrences unsubstantiated (Ziegler 1973, p.379). Po. pseudo-

- foliatus and Po.1.linauiformis range throughout, and above, the zone.

Po. xylus was similarly recorded throughout the zone. by Wittekindt but
both its first given range (Bischoff and Ziegler 1957) and the latest zonal
scheme indicate a paucity of specimens in the upper reaches of the zone.
Po. "webbi"sensu Ziegler (1970) (? = Po. costatus costatus) persists "
sporadically throughout the zone. S. bidentatus is found in the lower
part of the zone in Germany, and this has a parallel in the Couvinian
section in horizon a of Bultynck's (1970, p.64) Zone 6 where it {s found
in a forementioned association approximating the boundary of Gia and Gib .

Among the species which make their first appearance, S. E1anus“and
Po. ? variabilis range from the Lower ob110u1marq1natus Zone, though neither
of these were originally described from as Tow as this. Po, varcus was
recorded from the robusticostatus Zone by Wittekindt, and by Ziegler (1970),
though the latter author qualified his range chart in his statement
that forms "already close to Po. varcus"are possibly found in the upper
portion of the zone .(Ziegler 1970, p.257) .

The icriodid elements of the Givetian (and indeed the Eifelian have
been variously and inconsistently assigned to I. nodosus and I. symmetricus
though Bultynck (1972, p.77) considers that the trends on the upper and lower
-surfaces of these species (particularly the latter) are clearly not the
same as Midile Devonian forms and that the latter can be differentiated
from the former, typically Upper Devonian, species.  Besides I. obliqui-
marginatus and similar forms, Bultynck recognises an I. n. sp. a assemblage
from zone Gi, of the Ardennes (? = Upper obliquimarginatus Zone) and a
I. eslaensis assemblage which ranges from the base of Gic into the varcus
zone. He also records the Upper Couvinian I. reqularicrescens assemblage
ranging into the basal Givetian, although he earlier (1970 ) recorded the
component form species throughout Gia and Gib . ’




In North America, the lowest Givetian Zone, as recognised by Orr -
(1971) in the I1linois Basin, is the Icriodus latericrescens latericrescens

Zone..

The Tower, Timit of this zone is drawn below the first occurrence of
the name giver and the upper limit below the appearance of Po. varcus.

So defined, the upper boundary is equivalent to that of the .
obliquimarginatus Zone. Because of the complete absence of
I, 1 Jlatericrescens in the lower part of the Givetian in Europe and the
Tack of many of the diagnostic European forms in the North American successions,
there is difficulty in correlating further.

Icriodus obliauimarginatus is found in the middle limestone of the
Silica Shale in northwestern Ohio and this does lend some support to the
‘equivalence of the zones. However, 1. obliouimarginatus has been reported
from, the upper parts of the Couvinian in Belgium and from the Seneca in
Mew York on the one hand, and from the highest Givetian in Germany (though
this may be I. eslaensis) on the other, so it does not appear to be particularly
limited stratigraphically. For the N. American occurrences of this zone
see Klapper (1971, p.296) and Orr (1971, p.20). '

The Polygnathus varcus Zone Bis choff & Zjegler 1957

Originally establishel as the varcus subzone in the Givetian "Obers

Stringocephalen Stufe" of the Rhenish Schiefergebirge, this interval was
given zonal status by Ziegler (1962) and slightly modified by him (1971),
at which time he recognised it as cofresponding to the Upper Givetian and
coinciding with the range of Maenioceras terebratum and species of Agoniatites.

The varcus Zone is defined as coinciding with the range of the name-
giver from its first abundant occurrence to the appearance of Schmidtognathus
S.S.

. The Tower limit of the zore is drawm at the first abundant occurrence
of the name giver, Spathognathodus brevis and Polygnathus beckmanni; the
upper boundary is recognised as lying immediately below the first occurrence
of Schmidtognathus hermanni.,
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As such, this zore dif fers somewhat from the previous concepts
of its age and limits. Bischoff and Ziegler (1957) first erected the
"varcus Subzone" lying between the Sparganophyllum Kalk (below) and
the ordinata-dubia Subzone (abowe). The varcus Zone sensu Wittekindt (1965)
embraced somewhat less than the current definition since Ziegler (1965b)
included the uppermost part of Wittekindt's varcus(and transversus) Zone
in the lower part of the hermanni-cristatus Zone, and similarly since
Wittekindt recorded the nominate species ranging well down into his
robusticostatus Zone, part of that zone is probably also embraced
by the present definition. . On the other hand, as mentioned in reference
to the obli arimarginatus Zone, foms similar to, and tending toward,
Po. varcus, are found in the upper part of that zone. (see on).

Spathognathodus brevis was recorded by Bischoff and Ziegler (1957)
extending from midway through their varca Subzone into the late Devonian,
but Wittekindt (1965) recorded it ranging from the base of his zone and
and Ziegler's modified definitim (1971) incorporates this range in recognising
it throughout the varcus Zone. Po. beckmanni occurs throughout, but not
outside, the varcus Zone. - '

The varcus Zone is subdivided approximately equally into an upper and
. a lower part by a very distinctive level, the valliseri horizon which 1is
marked by the "Terebratula pumilio" bed, which is traceable throughout the
Rhenish Schiefergebirge; this is characterised by the joint occurrence of
Icriodus latericrescens latericrescens and the rare Ancyrolepis walliseri.

" Both these forms are restricted to this horizon within the Middle
- Devonian, which is especially notable in the case of the icriodid since
this is the only occurrence in Europe of a latericrescid outside the
Lower Devonian (but see North America zonation).

Also within the varas Zone are found the following forms:
Spathognathodus planus, Icriodus ob1iquimargihatus, I. n.sp. aff.
obliquimarginatus, I. eslaensis, I. aff. eslaensis, Polvanathus strongi,
Po. ? variabilis, Po. linquiformis linguiformis, Po. 1. nucronatus, '

s S—————— —— S —————————  —— S

Ziegler 1965 a, Po. latifossatus and Po. alveoliposticus,
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In a recent taxonomic revision of the Polygnathus varcus Group,
Klapper, Philip and Jackson (1970) have attempted to clarify the
confusion which has arisen concerhing this diagnostic but 111-defined
suite., Their general morphological concept of the group embraces four
form species (two of which are new): ‘Po. varcus s.s., Po. xylus, Po.
rhenanus, and Po. timorensis.  As noted by Klapper et al. (1970, p.651),
previous descriptions and illustrations of Po. varcus s.1. do not allow
a comprehensive synonomy nor an accurate appraisal of the ranges of the
individual morphotypes: this should, however, be possible in the future,
whereupon a more precise‘defi!ﬁtiqn of the varcus Zone may be facilitated.
The author considers that fur ther division within the group is possible
~and may further aid the delimitatim of the zone.

In connection with Po. strongi, Klapper et al. (1970, p. 661-2)
considered some of Stauffer's (1940) forms to be identical to large forms
- of Po. xylus, though the holotype of the former clearly demonstrates the
distinctiveness of the form. Klapper et al. (1970, p.664) also considered
some Eiflian forms assigned to Po. xylus as better regarded as small growth stages
of Po. pseudofoliatus or Po. eiflius, and this thus throws some doubt on the
downward extent in the range of Po. xylus. Indeed, it does seem that a more
thorough knowledge of the ontcgenetic development of Middle Devonian polygnathids
will greatly clarify and possibly significantly alter the accepted ranges
of diagnostic forms, Po. decorosus s.1. sensu Ziegler differs appreciably
from Po. decorosus s.s. which appears to be a Frasnian form, but remains
inadequately defined; Ziegler (197] p.260) featured three variants in his range
chart but did not dif ferentiate between them. He records the range of
Po. decorosus s.1. fromthe topmost oblicuimarginatus Zone, extending
throughout the varcus Zone and well into the Upper Devonian. ‘

Po. pseudofoliatus was recorded by Wittekindt well into the upper part
of the varcus Zone, but Ziegler (1971) drew its range only just into the
basal horizons of that zone. Po. "webbi" sensu Ziegler (1971) which is found
in the lower mrt of the varcus Zone, is probably referrable to Po. costatus
costatus Klapper, though some forms may be nearer to Po. pseudofoliatus.

Po. linquiformis linquiformis maintains its long range throughout the
zone, but the other subspecies of this form are restricted to the interval
above the "walliseri Horizon". Po. ? variabilis 1is found sporadically
throughout the zone, as is Spathoanathodus planus.
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Po. latifossatus was described by Wirth (1967) from the uppermost
varcus Zone of the western Pyrenees and although Ziegler (1971) regarded
this form as a juvenile of Schmidtognathodus hermanni, he recorded
it ranging from the upper part of the varcus Zone; this appears to be a
contradiction.  Spathoanathodus semialternans, recorded by Wirth from |
comparable levels, was thought by Ziegler to be closely related to Po.
varcus and/or variants of Po. decorosus s.1. ( Ziegler 1971, p. 262).

Po. alveoliposticus was recorded in the upper part of the varcus Zone
at Martenburg by Ziegler (1n Kullman and Z1eg1er 1970, table 1,

samples 7033 - 7037).

The icriodid elements of these levels are still in need of revision
(see previous zone). Bultynck (1972) recognises two assemblages (both
consisting of one form species) in the Middle Devonian of the Ardennes,
‘namely the I. eslaensis assemblage (ranging from the base of Gic to upper Fia).
and the I, aff. eslaensis assemblages (lower Fia only) -- founded on
the form species originally described by Adrichem Boagaert (1S67) from the
~ Cantabrian Mountains (Spain). The latter author found that "the abundance
of 1. eslaensis in the varcus Zone s.1. is remarkable."”

In the Belgian Ardennes, Bultynck (1972,.p.72) recognised the varcus
Zone as equivalent to the period from Tow to Giy to the top of Fi, (and
questionably higher), but does not extend the range of I. obliauimarainatus
(see previous zone) beyond the top of Gib, i.e. not as high as the varcus
Zone. This compares closely with the original range given by Bischoff and
Ziegler (1957) for this form species (the Oderhausen Kalk), but is inconsistent
with the German ranges given subsequently by Wittekindt (1965)
and Ziegler (1970), both of whom recorded I, obliguimarginatus ranging, albeit
sporadically, into the upper part of the varcus Zone.

In North America, the varcus Zone appears to be more or less coincident
with its Eurdpean namesake, though a number of forms are not common to
both continents. The typical varcus Zone association is Po. varcus,
Po. 1. linquiformis and I, latericrescens latericrescens, though one notes
that none of these forms are restricted to the Zone.

According to Klapper et al. (1971, p.297) this association, and
therefore the varcus Zone, is recognised in New York from the Centrefield
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Member of the Hamilton Group to the top of the Tully Formation. By
reference to Klaprer & Ziegler (1967, p.78-9) one notes that it is enly
within the Tully (but not throughout it - see Middle/Upper Devonian
Boundary) that one finds Polyanathus beckmanni, a form which is confined
to the varcus Zone in Germany. Associated forms from the Tully also
include I. obliguimarginatus, I. nodosus, Po. pennatus, Spathoonathodus
sp. (Klapper & Ziegler 1967, 1localities 14-16), I. eslaensis (Klapper
et al. 1971) and Po. alveoliposticus (Orr & Klapper 1968, locality 8).

Elsewhere, the varcus Zone is recognised in all but the uppermost beds
of the Solon Member of the Cedar Valley Limestone in Iowa, where the association
~is Po. varcus, Po. decorosus s.1., Po. 1. linguiformis, I. 1. latericrescens,
I. obliquimarginatus, and 1. nodosus (Klapper & Ziegler 1967,l0cs.20-21 partim),

The upper part of the Lingle Formation in southern I1linois has yielded
Po. varcus (Orr, in Klapper et al.1971), though Orr (1964) recognised it as
being varcus Zone in age before this form was found. The Beechwood Member of
the North Vernon Limestone in southern Indiana has yielded a similar fauna.

Other varcus Zone assignments inc]ude the upper-part limestone of the .
Si1ica Shale of northwestern Ohio (Klaoper & Ziegler 1967, Tocality 17), the'
upper part of the Traverse Group(middle part of the Alpena Limestone through the .
Thunder Bay Limestone) in Michigan, the lower part of the Callaway Formation
in Missouri, and the upper part of the Traverse Formation of northern Indiana.

The transversus Zone Hittekindt 1965

Characterised by the occurrence of Polygnathus linouiformis transversus
and Polyanathus bryanti (=Po. tuberculatus Hinde), the interval was considered
to be uppermost Middle Devonian (Wittekindt 1965, p. 628). Most of the forms
- present in the varcus Zone were also recorded from this- zone (see Vittekindt
1965, table 1, p.627), the base of which was marked by the appearance of the
name-giver.  The presence of Po. tuberculatus was taken as indicative of
the upper part of the interval, and the top was dravn below the first Polygnathus
cristatus and Po. asymmetricus. '
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Wittekindt (1965, p.625) recognised the transversus Zone from three
localities: the Syring Quarry, Ense, the Benner Quarry, Bicken and from
Phenert, EBonzel. Ziegler (1965a) rejected the zone since he considered
that it could not be traced satisfactorily in most sections and he subsequently
(1965b) included the higher'horizors within his hermanni-cristatus Zone
Po. 1. transversus is taken to indicate the upper parts of the varcus Zone
according to Ziegler (1971, p. 258)

In Ziegler 1965a, Wittekindt's guide species appear to be called
Po. linguiformis subsp. and Po. sp., a designation they share with other forms.

Po. 1. transversus has not been reported from outside Europe. Yhen it is
encountered, the transversus fauna may be a local facies expression of the
~ varcus Zone in the same way as the_hermanni-cristatus Zone may be, as will’
be discussed later, |

-Middie DeVonian conodont success fons in Australia

The Middle Devonian conodont faunas of Australia have recently been
rev1ewed by Druce (1974, p. 5-6) who drew heavi]y on the work of Pedder,
-Jackson & E]lenor 1969. : :

Jackson (in Pedder et al. 1969, fig. 3, p. 248) recognised four
assemblage Zones within the Timor Limestone of New South Wales and their
"approximate correlation" with the German scheme is reproduced in the
zonation chart, An Icriodus comiger Zone was recognised in sections 1
(unit 24), 6 (unit 23), and 7 (units 31-28). This is characterised by the
name-giver in association with Po. linquiformis linquiformis, Po. webbi
(= Po. costatus) and Po. cf. pseudofoliatus. Jackson equates this zone with
its German namesake, though in European terms the association could conceivably
date from the bidentatus Zone, particularly as regards Po. pseudofoliatus.,

A little above the corniger horizons, Pedder et al. recognise a
"Po. kockelianus australis assemblage from sections 6 and 7. - This includes
the name giver, Po. angustipennatus, Po. robusticostatus, Po. cf. Po,
pseudofoliatus and a few S. bidentatus and Po. intermedius. Also recorded
from these levels, which these authors consider eauivalent to the German
bidentatus Zone, are Po. triconicus and Po. webbi (=? Po. costatus). Po.

kockelianus australis is the only form not found outside the interval.
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‘Again, -after a short break, the kockelianus = robusticostatus Zone of
Pedder et al. (1969, sections 1,5,6,7) is characterised by the nomiﬁate
subspecies Po. kockelianus kockelianus together with Po. robusticostatus,

Po. triaonicus, and Po. eiflius. Also recorded are S. bidentatus, Po. angusti-
pennatus, Po. intermedius,. S. obliquus, Po. cf. Po. hulkus, S. bipennatus
and Ozarkodina-kutcheri. The last three together with the name giver and Po.
eiflius appear for the first time while the latter together with Po. robusti-
costatus_and S.- bipennatus range, into the above zone. Po. kockelianus
kockelianus together with occasional Ozarkedina kutcheri and forms described

as Po. cf. Po. hulkus appear to be the only forms restricted to the interval,
Considering the difficulty sometimes met with distinguishing the subspecies

of Po. kockelianus (cf. Pedder et al., p.252), the separation of this and the
previous division must be a 1ittle di fficult considering also that all the forms
of the australis Zone also range up to these levels, -though Pedder and others
provide no numerical data nor do they note the relative abundance of the forms.
Po. kockelianus kockelianus, Po. trigonicus, S. bidentatus, Po. angustipennatus
range to very near the appearance of Po, varcus s.1. and for this reason Pedder
et al. (p.249) considered that the interval approximated the combined kockelianus
eiflius and robusticostatus Zones of Wittekindt -(1965). '

The Moore Creek Limestone of New South_wales;has yielded a similar fauna{
which Philip (1966a) has considered as Late Eiflian in age, and indeed such an
association does suggest, in European terms, such a designation.

- The occurrence of Po. kockelianus = kockelianus is somewhat different from
the European occurrences, where it is restricted to the kockelianus Zone, and
similarly from the N. American occurrences where it is both geographically and
stratigraphically restricted. The same is true for Po. trigonicus.

Po. angqustipennatus is also limited to Eiflian strata in Europe and Ziegler
(1974, p.379) considers that Givetian reports of Po. robusticostatus have not
been substantiated.. A1l in all, the kockelianus-robusticostatus assemblage
would be better considered as older than Pedder et al. would like.

The youngest assemblage recognised by Pedder et al. (sections 1,3,5,6,7)
is that of Po. varcus. Besi d®s the name giver, J§.'brevis._gg. linquiformis
forma nova (see Po. 1. nova forma 2 in TaXonomy), Po. ? variabilis, S. planus,
Po. pseudofoliatus, Po. eiflius, Po. cf. Po. webbi (=Po. costatus costatus
partim, e.g. p1.15, fig.8) and S, bidentatus are also recorded. The appearance




of A. walliseri in unit 5 of section 7 may equate with the walliseri horizon
of the German sequence. Similarly, Pedder et al. (1970, p. 249) noted

the presence of forms approaching Po. linguiformis transversus in the topmost
. Timor Limestone, which might also relate the two sequences. Po. varcus

sensu Pedder et al. includes"both Po. rhenanus and Po. timorensis, which occur
together in part (e.g. section 1, unit 1). Some of the associated forms

are atypical in comparison with European varcus Zone associations. Po.
eiflius occurs together with Po. varcus (s.1.) in unit 10, section 6 near the
" base of the zone, while all the other associated forms occur high up in the
zone. It might be valuable to know what expression of Po. varcus s.l.

is represented at. the lower levels. Ceftainly, forms approaching the Po.
varcus group occur below the base of the varcus Zone in Eurone and many of the
associated forms are found already in the obliquimarginatus Zone (Q v.).

It may thus be more appropr1ate to equate the basal parts of the varcus Zone
sensu Pedder et al, with the upper parts of the European oblicuimarginatus
Zone. One also notes that S. brevis appears before Po. varcus s.1. in
section 1, and probably in sections 3 and 5 (see on).

The Schmidtognathus hermanni-Polyanathus cristatus Zone Ziegler 1965 (a)

This zne was established by Ziegler in that interval between the (then)
known ranges of the Middle Devonian ammonoid Maenioceras and the Upper
Devonian Pharciceras. Therefore, this zone marked a critical interval in
the Middle/Upper Devonian boundary prchlem (see same).

The zone is defined as the life span of Schmidtognathus in the absence
of Polygnathus asymmetricus and Palmatnlepis s.s. (i.e. Pa. transitans).

The lower boundary is drawn below the first occurrence of Schmidtoanathus

hermanni, the upper boundary below the appearance of the (aforementioned)
wide-plated platform conodonts.,

A lower and &n upper division is recognised, the upper part being
characterised by a number of fornms, namely: Schmidtoanathus pietzneri,
S. peracutus, S. wittekindti, Polygnathus ordinatus, Po. cristatus, Po.
sp. transitional to Po. cristatus, Po. runosus,Aand Po. sp. Ziegler 1965a
(= Po. sp. cf. tuberculatus, signata, ordimta); as noted by
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Kirchgasser (1970, p.337), these do not all appear simultaneously. The
last three appear to be restricted to the upper part of the hermanni-
cristatus Zone, but the others range into the asvrmetricus Zone, as do
Po. varcus s.1. and Po. decorosus s.1. (three varieties) which range
from the varcus Zone,

In North America, Orr and Klapper (1968) described two new forms
from the boundary beds of Indiana and Mew York. These were Polygnathus
alveoliposticus and Palmatolepis ?»‘dispara1vea. The first they recorded from
the Tully Formation (0 to 1 foot above the base, and of varcus Zone age),from the
Tower part of the Antrim and from the Timestone at the base of the New Albany
Shale; the latter two localities, which have been dated as Upper hermanni-
cristatus Zone in age, also yield Pa. ? disgaralvea (which is also found in
the North Evans Limestone).

"In Germany, Orr and Klapper (1968, locality 9) records Pa, ? disparalvea
from the Middle asymme tricus Zone at Martenburg. In spite of his earlier
statement (Ziegler 1970, p. 263) that this form was conspecific with Palmatolepis
transitans and was common in the Tlovwer asyrmetricus Zone, Ziegler (fn Kullman
& Ziegler 1970, table 1, samples 7101, 7096, 7054) recorded Pa. ? disparalvea
from the upper part of the hermanni-cristatus ZoneSimilarly,Po. alveoliposticus .
which Ziegler notes as occurring "uncritically mixed with Po. cristatus" in
the European hermanni-cristatus Zone, was later recorded by him in the varcus

Zone (_q._!.) .

Additional associated forms from the European occurrences of the zone
include Spathognathodus sannemarnni, Po. caelata, and Po. pernatus (from
Ziegler 1965a) which are found throughout the zone. From the Syring Quarry
near Wildungen, Ziegler (1965a, p.656) recorded Po. ? variabilis and Po.
linquiformis n. subsp. from throutout this period, and the latter was
similarly recorded from the Marteaburg profile (Kullman & Ziegler 1970, table 1).

Spathcanathodus brevis was recorded from levels now considered to beleng
in this zore, by Bischoff & Ziegler (1957) and by Wirth (1967);both these authors
also noted the occurrence, among the Icriodus group, of I. nodosus, .

I. symmetricus, I. curvatus, and (by Wirth only) I. cymbiformis. Ziegler
(in Kullman & Ziegler 1970 recorded I. n. sp. ex ar. obliquimarainatus from
the varcus Zone throush the Lover asymetricus Zone,
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. A new assemblage species ---Elsonélla rhenana LINDSTROM & ZIEGLER 1965
- consisting of four elements (Falcodus, Oulodus, Anaulodus, Roundya)is
also reported from the hermanni-cristatus Zone and successive levels in the
asymmetricus Zone (Ziegler 1965a).

The S. hermanni - Po. cristafus Zone as defined above, has been
recognised in several European sections. The zone was established from five
localities in the German Rhenish Schiefgebirge,' namely: Koppen, Geibringhausen
Syring near lildungen, Bicken near Dillmunde and Rhenert near Bonzel; it was
also later reported from the Martenburg section, near Aqorf. Muchow (1965)
recorded a fauna from the Warsteiner Ridge dutlier, which included Po. cristatus
(sample A, p.725) which places it in the Upper hermanni-cristatus Zone.

"Elsewhere in Europe, the zone has been recognised in northwestern Spain
(Wirth 1967, see varcus Zone) end also from the Gustalapiedra Formation of the
Cantabrian Mountains (Adrichem Boogaert. 1967) (see also Ziegler'1970, p.263).
~ In England, Kirchgasser (1970) recorded Schmidtoanathus hermanni (sample 31,
Trevose Slates) before the appearance of asymmetricus Zone forms, which is
indicative of the lower part of the zone, though he argued that the base of the
zone cannot be fixed due to the presence of transitional forms, and he
consequently ‘included these levels in the varcus Zone.  The zone has not
been recorded from Belgium, nor from Australia, where Druce (1974, p.6) thinks
that it may be represented by a Biofacies II fauna, i.e. simple polygnathids
and Icriodus, "indistinguishable™ from that of the early Frasnian" ..

13

The Morth American successions have also yielded the hermanni-cristatus
Zone associations in a number of localities, which can be enumerated as follows:

1. The white crinoidal limestone at the base of the New Albany Shale in
southern Indiana (Orr and Klapper 1968, p. 1068). The diagnostic forms are
Schmidtognathus wittekindti, S. peracutus, (formerly Po. peracutus), Po.
cristatus, Po. caelatus, Po. bryanti (= Po. tuberculatus), Po. ordinatus,

Po, alveoliposticus, and Pa ? disparalvea; I. latericrescens latericrescens,
Po, varcus, Po. 1. linguiformis, Po. foliatus (= Po. dubius) and Spathoanathodus

sannemanni sannemanni are notable forms which range from the subjacent varcus
Zone.




2. The lower calcareous part of the Antrim Shale of northern Indiana'
(Crr & Klapper 1968, localities 5,6) which yields Po. cristatus,
S. peracutus, and Pa. ? disparalvea. E

3; The upper part of the Alto Format1on of southern I1linois .(Crr 1064,
p.5, samp]es 5-8): Po. cristatus, S. peracutus. ' ‘

4, The uppermbst Solon and Tower Rapid Members of the Cedar Valley Limestone
in southeastern lowa (Tower Rapid Member only, in the Milan area of iIﬂ1nois)
-iglapper & Ziegler 1967, p.80, localities 19-22; Klapper 1968) :S.wittekindti
S. peracutus, Po. ordinatus, Elsorella rhenana.

5. The upper of the Denay Limestone of Red Hill, Simpson Park Range, Nevada
(Klapper et al. 1971): Po. cristatus, Po. ordinatus, Pa. ? disparalvea.

6. The Tower part of the Milwaukee Formation of eastern ¥isconsin (Schumacher:
in Klapper et al. 1971) : Po. cristatus, Po. ordinatus, Elsonella rhenana,

7. The upper part of the Ca11avay Fornntion of M1ssouri (s chumacheﬁ:in Klapper
‘et al, 1971) : _Po. caelatus; o
8. The North Evans Limestone partim, Eitheenmile Creek, New York., ~ This, the
"conodont bed" of Hinde 1879 (see also Bryant 1921), contains a similar fauna
to the basal limestone of the New Albany Shale (1) but differs in the presence
of Ancyrodella rotundiloba rotundiloba which would seem to indicate a
condensed succession ranging in age from the Upper hermanni-cristatus Zone

to the Lower asymmetricus Zone.

A1l the above associations (with the exception of the limited record
from Missouri ) viould fall within Ziegler's definition of the upper part of the
hermanni-cristatus Zone, though Klapper appears to take the absence of Po.
cristatus as indicative of the lower part of the Zone in the case of the Cedar
Valley Limestone (4), even thouah the listed species of Schmidtognathus
are not found in the lower hermanni-cristatus Zone,
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The Spathognathodus insitus Fauna

This fauna, informally introduced by Klapper et al. (1971, p.300), is
defined as that association dominated.by the name-giver in strata below
the first appearance of Ancyrodella rotundiloba (all subspecies).

It is found in the upper part of the Callaway Formation of Missouri,
in the Coralville Member of the Cedar Valley Limestone and in the overlying
State Quarry Limestone of southeastern Iowa, in all but the top part of the
Coralville Member in I1linois,’in the Firebag and basal Calumet Members of
the Waterways Formation of Alberta (Uyeno 1967), and in the Point Wilkins
Member and beds underlying it (above the base shale), Souris River Formation,
Central Manitoba (Norris & Uyeno 1972).

~ Because S. insitus has not been found in Germany, it s not possible to
say exactly how this fauna relates to Standard successions. In North America,
in Missouri, Schumacher(1971c) found S. insitus (in association with
Schmidtognathus wittekindti and Po. pennatus) occurring together with
brachiopods associated elsewhere with conodonts of the Upper hermanni-
cristatus Zone. The apparent absence of Spathognathodus insitus from strata |
in which the hermanni-cristatus Zone is well developed, Schumacher notes,
suggests that the S. insitus fauna is correlative, at least in part with the

former zone.

Uyeno (1967, 1974) has demonstrated a probable phylogenetic sequence
from S. irsitus through forms described as Spathognathodus ? sp. to
Ancyrodella rotundiloba binodosa. This demonstrates the position of the
S. insitus fauna immediately below the Lower asymmwetricus Zone, as characterised
by A. rotundiloba, in a position thus comparable with the Lowermost
asymmetricus Zone. The occurrence of Po. norrisi on both the insitus fauna
and in the Lower}'?symmetricus Zone of Alberta is further support for their

equivalence (Uyeno 1974, p.18).

In Belgium, S, insitus is recorded from a level high in F,. at Ny in
the Dinant Basin (Coen and Coen-Aubert 1971, p.17) and from the Ave et Auffe
section (in Bouckaert & Streel 1974, E, p.13, samples 21,14,13,9).

The interval of Flc has been considered as equivalent to the Lowermost
asymmetricus Zone (Mouravieff & Bouckaert 1973, fig.1, p.94); S. insitus
s found some ,30 metres below the first Ancyrodella rotundiloba (in Bouckaert
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& Streel 1974, E, p.18). In the Ave et Auffe section, a single specimen
of Schmidtognathus hermanni- (sample 16) is further indicative of levels
comparable to the hermanni-cris tatus Zone. '

At the moment it is dn1y possible to say that the S. insitus Fauna
may be equivalent in age to part of, or all of the lowermost asymmetricus
Zone, and possibly also to part of the Upper hermanni-cristatus Zone.

The Middle/Upper Devonian Bound ary

The position of the Middle/Upper Devonian boundary has been the
‘subject of much discussion and disagréement in recent years. Not the
least reason for this is the confusion which has arisen over nomenclature
and the lack of an internationally agreed definition.

A review of the present position has recently been presented by
House (1973), so a brief comment will here suffice. A problem has arisen
over the fact that the stratotype section of the Assise de Fromelennes (F1)
in Belgium, the base of which has been traditionally taken as the base of the
Frasnian, has not yielded any ammonoids, whereas in Germany the base of
their Manticoceras Stufe as recognised by the first occurrence of
Pharciceras lunicostata, is taken to be coincident basally (not the upper
1imit:  House 1973, p.10), with what American workers (Klapper et al.
1970, p.300) prefer to call the "Lower Upper Levonian". The German
Adorfian and North American Senecan are also names which have been used to
denote this Upper Devonian interval. That these terms are all in current
use to signify approximately the same time interval makes it highly
desirable that a uniformity of expression is agreed upon. House argues
for the retention of the Frasnian as the stage name and for the taking of the
base of the Assise de Fromelennes (not the Assise de Frasnes) as the base of
the Upper Devonian. This may not be very different from the lowest
occurrence of Pharcicercas, House notes, but since this goniatite is not fourd
in Belgium the use of a conodont parachronology is wgrrented..

Belgian workers (e.g. Coen 1972) have suggested that the Frasnian should
be equated with the Ancyrodella bearing beds, and therefore that the
boundary should be drawn at the base of the Lower asymmetricus Zone, i.e. at
the base of the Assise de Frasnes (Fz).
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In the following account, the base of the Upper Devonian has been
considered as synonomous with the appearance of Pharciceras.

The conodont zonation about the Mfdd]e[gpper Devonian boundary

History of Vork

The first attempt at a conodont zonation in relation to the.Midd1e/
Upper Devonian boundary was that of Bischoff & Ziegler (1957) They
recognised three subzones in the "Ober Stringocephalen Stufe" wr1ch they
assigned to the Middle Devonian Givet-Stufe, These were, in ascending
order, the varca Subzone, the_ordinata-dubia Subzone and the dubiz-rotundiloba
Subzone.  They also recognised an asyrmetrica-martenbergensis Subzone and
a martenbergensis-~triangularis Subzone which they assigned to the Upper
Devonian, Manticoceras-Stufe (to 1 << ),

Ziegler's publication of 1958 combined the results of the classic German-
ammonoid stratigraphers in a detailed study of the conodont sequence of the
famous Martenberg disused open Iron-mine profile (on the north eastern margin
of the Rhenish Schiefergebirge), the type section of the Adorfer Kalk, At
that time, he recognised a Middle/Upper Devonian "grenzschichten", amounting
to a thickness of 1.30 metres, between the ranges of Maenioceras terebratum
(tmo) and Pharciceras lunicostata (to 1©4). From this interval (tm/to I)
he recorded a conodont association which denoted the presence of the
ordinata-dubia and the dubia-rotundiloba Subzones sensu Bischoff & Ziegler(1957).

In 1959, Krebs presented new goniatite evidence from the S.W. section
of the Dil1-Mulde (Rhenisches Schiefergebirge) and argued that this indicated
that the ordinata-dubia Subzone and the dubia-rotundilcba Subzone belonged
in the Towest levels of .the Upper Devonian. He also considered the
asymmetricus-martenbergensis Subzone to contain the boundary to le</ to 1 98) b
and the martenbergensis-triangularis Subzone equivalent to a level low in
to I 91)5{. Krebs (1959, p.378-381) furthermore presented a
refinement of the zonation and emphasised the need to recognise characteristic
combinations of different conodont species which occurred within the 1ife-span
of a leading species; the latter formed the basis of his divisions, which
are as follows:-
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The older varcus period (=varcus Subzone sensu Bischoff & Ziegler 1957),
uppermost Middle Devonian in- age (tmo), Krebs defined as the span of Eg, varcus
in the absence of the two subspecies of Po. asymmetricus (formerly Po. dutius)
the appearance of which, in addition to Palmatolepis transitans, marked the

upper boundary.

The younger varcus period was coincident with the older dubius
period {=ordinatus-dubius Subzone and dubius-rotundiloba Subzone sensu.
Bischoff & Zieg'ler)which Krebs considered to date from tol ©& .  The Tower
bourndary was marked by the.appearace of Po. asymmetricus ovalis, gg.g;
asymmetricus and Pa. transitans,.and the upper limit was drawn below the
first cccurrence of Pa. punctata (formerly Pa. martenbergensis). |

He further speculated on the possible division of the period into an
upper part with Ancyrodella rotundiloba in the absence of Pa. punctata,
and a lower part characterised by Po. ordinata without A. rotundiloba.

- Above the: older dubius period, Krebs, recognised a middle dubius period
(upper toloe< ) a younger dubius period (t°qu)x’) and a dubius-rhenanus
intersregime - (toI(/’S)]). |

" The next significant contribution was that of Ziegqler (1962b) who
presented his unsurpassed zonation of the Upper Devonian. He established a
dubia Zone at the base of the scheme with a lower, middle and upper part
which corresponded to the older, middle and younger dubia periods (§gg§y
Krebs) respectively; the Ancyrognathus triangularis Zone was coincident with
" the dubius-rhenanus inter-regime. Ziegler in his table 1, continued to
question the Upper Devonian age of the Lower dubia Zone (i.e. his
Grenzschichten of 1958) and it was this division which he maintained (1962b,
p. 17) represented the period between proven Middle and Upper Cevonian .
stratum (on megafaunal evidence).

In 1965, Ziegler (1965a) established the hermanni-cristatus Zone in that
interval between the (then) known ranges of diagnostic Middle and Upper
Pevonian ammonoids.  This interval marks a time of explosive evolution of
platform conodonts, the diagnostic forms of this zone clearly demonstrating
the tendency towards the palmatolepid group of the Upper Devonian, a trend
which begins in the wpper part of the varcus Zone,
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Further contributions to the conodont biostratigraphy across this
boundary, in the same year, include Ziegler (1965b), Lindstrom and Ziegler
(1965) and Krebs and Ziegler (1965). ' '

Discussion

In 1970, Kullman and Ziegler published an account of new ammonoid
evidence from Martenberg. Layer by layer sampling of this extremely
condensed sequence demonstrgted.the occurrence of Pharciceras and Synpharciceras

in the upper part of the hermanni-cristatus Zone and of Maenioceras in the
varcus Zone. The gap between known Middle/Upper Devonian stratum was reduced
to 0.30m. Their subsequent contention that the boundary could be drawn at

the base of the Upper hermanni-cristatus Zone does not follow, as pointed out
by House (1973, p.7). Rather the boundary could Ve anywhere between a level
in the upper part of the varcus Zone and a level within the Upper hermanni
cristatus Zone.

In North America there are two records in Klapper et al. (1971, p.299)
which have a direct bearing on the boundary as it relates to the conodont

+

zonation,

Firstly, the Denay Limestone of Nevada yields Upper hermanni-cristatus
Zone conodonts in association with Leiorhynchus hippocastanea which is
correlated with the Warrenella occidentalis Zone of the nearby Poberts
Mountains by Johnscn; this brachiopod zone is considered by him to be
uppermost Givetian in age

Secondly, the uppermost Solon and‘lower rapid Members of the Cedar
Valley Limestone of Iowa, yields a fauna which Klapper considers is Lower
hermanni-cristatus Zone in age, but -strictly speaking it belongs in the upper
part of that zone. The uppermost Solon with Rennselandia is dated as .
"Givetian" by Cooper and Phelan (1966), and even the middle Rapid contains
"Givetian" corals according to Oliver.

If these opinions are correct, it appears that, in North America, the
Upper hermanni-cristatus Zone is in part Middle Devonian, though one is
sceptical of determinations based on ;ora]s and brachiopods.
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~ The evidence from the Tully Limestone of New York would appear, at
first, to contradict this. ~ This formation belongs in the varcus Zone
according to Hudd]e.(in Klapper et al.1971; see aTsp Klapper and Ziegler
1967, p.79, localities 14,15,16). A Pharciceras level described by House
(1968, p.1065) bearing Prarciceras amplexim, occurs in the higher horizons.
of the Tully at June's Quamy, and this was considered by House (1973, p.8)
to come from approximately the same horizon as the highest fauna of conodonts
described by Klapper and Ziegler (1967, p.79). This association (0 - 2.0
feet below higest exposed bed) includes Icriodus latericrescens latericrescens
1. nodosus, Po. linguiformis, Po. varcus, and Spathognathodus sp., none of
which are unequivocally of varcus Zone age. ‘ ‘

The pharci ceratids are associated therefore with a conodont fauna which
may date from anywhere in the varcus Zone, hermanni-cristatus Zone or even
from the lowest parts of the asymmetricus Zone; the absence of the diagnostic
" hermanni-cristatus Zone forms might be the result of facial control.

The same may be true of the unspecified conodont fauna found in
association with both Pharciceras ad Maenioceras by Bensaid 1973 (p.38)
in the Tata region, south of the Anti-Atlas, Morocco. ‘The absence of
hermanni-cristatus forms indicates that the varcus Zone is in part
Upper Devonian, '

The §,x1nsitus fauna is dated as Upper Devonian on the associated brachiopod
fauna in three of the North American localities where it is recognised, namely,
the Firebag and basal Calumet Members of the Vaterways formation, Clearwater
River, Alberta (McLaren 1962, p.15, 71), the Point Wilkins Member and
underlyirg beds, Souris River Formation, Manitoba, and the State Quarry
Limestone in Iowa, with Pugnoides and Melocrinus (Cooper et al. 1942, p.1783).
These horizons are all stratigraphically higher than the others (see under

S. insitus fauna)which are not dated by associated megafauna (Uyeno 1974, p.18).

In Belgium, the stratotype section at Fromelennes has yielded varcus
Zone conodonts from within Giy to the top of Fla , and questionably
higher (Bultynck 1972, p.71-2) while above these levels, Ancyrodella
rotundiloba binodosa marks the base of the Lower asynmetricus Zone in FZa;
between the two, no dfagnostic forms have yet been recorded. Elsewhere in
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Belgium, the Spathoanathodus insitus fauna is indicated at Ny from a level
high in Flc -2 and from the Ave et Auffe section (see S. insitus fauna).

However the numbers are small and the facies is on the whole
unfavourable, so it is difficult to be sure of one's position within the
zonal scheme. T ' '

In surmary, the appearance of Pharciceras, seems to equate with a level
within the varcus Zone. cher megafaunal evidence suggests that the
insitus fauna is "Upper Devonian" (M. America) or, strictly, Frasnian
(Belgium) and that the Upper hermanni-cristatus Zone is "Middle Devonian®.
That these latter two may be in part correlative (see S. insitus fauna)
would reduce the problematical interval, though again it should be stressed
that these determinations are based principally on brachiopods. It seems
' 1ikely that the hermanni-cristatus faunas are not everywhere developed.
.This may well be due to a facies control, which.is also a likely explahation
of the suggested equivalence of the Lowermost asymmetricus Zone and the insitus.
fauna, and of the latter and the Upper hermanni-cristatus Zone. It is here
suggested that the transversus Zone of Wittekindt -(1965) is also a (?)
facies dependent, localised expression of these levels. Where the more .
specialised (?deeper water) platforms are not encountered the varcus
zone will be indicated. A1l the known determinations are catered for infig.
2 which -is ah extremely tentative correlation of these critical intervals,
In a very broad sense, deeper water faunas are to the right. A similar
pattefn of distributions go some way towards explaining why the Ancyro group
dominate "cshallow water" secuences in the higher Frasnian as opposed to the
Palmatolepis sequences of the deeper areas.

Conodont Zonation of the Upper Devonian

Ziegler (1962b) proposed a detailed zonation of the Upper Devonian
which has proved, on the whole, to be applicable worldwide, as
demonstrated initially by Klapper and Furnish (1963) in Morth America, and
Glenister and Klapper (1966) in Australia. (see Ziegler 1970, p.264 for
full list). : |
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Ziegler (1970, p.265-71) discussed the nomenclature changes to his
original scheme and noted thé taxonomic and biostratigraphic problems.
To these may te added the refinement of Sandberg&Ziegler(1973) who introduced
a new zone - the Lower rhomboidea . Zone - and a new name - the marginifera
Zone (previously the quadrantincdosa Zone). Also a recent contribution
of Dreesen and Dusar (1974) provides a refinerent of the paimatolepid
successions in the type Famennian. '

Within the Upper Devonian, the boundary between the Manticoceras
and Chailoceras Stufe has been placel at the base or within the lowermost
part of the Upper Pa. triangularis Zone by Buggisch and Clausen (1972, p.165)
The base of the type Famennian at Senzeille is more difficult to fix.
The first limestone bed is 19 metres above the base defined by Gosselet, and
has yielded a Middle triancularis Zone fauna (Bouckaert and Ziegler 196€5).
The 45 m. + of shales below this horizon represents the period from a level
. within or at the top of the Upper gigas Zone to a level within or at the base
"of the Middle trianqularis Zone . (cf. Bouckaert et al.1972; Mouravieff in
Bouckaert and Streel 1974, F. p.8, sample 7). '

"The German standard zorafion is slightly modified in Belgium since, as
mentioned, the hermanni-cristatus Zone s recognised by Ancyrodella gigas
rather than Pa. punctata and above the asyrmetricus Zone it is only possible
to recognise the A. triangularis Zone s.]. and the Upper giaas Zone s.1.
(see Mouravieff and Douckaert 1973, p.934). On the whole, the Ancyro-group
provide most of the guide forms.

The MNorth American sequence also differs slightly in the appearance of
A. gigas before Pa. punctata, and the zonation chart is modified to incorpcrate
this; essentially, recognition of, and delimitation within, the asvmmetricus
Zone is the same as in Belgium -Above this zone, the successions are comparabie
with the German ones (see Klapper 1970, p.300-5), up to the top of the
marginifera Zone. The Middle crepid Zone and the rhomboidea Zone, not
recognised in Klapper et al. (1970), have since been recorded by Sandberg and
Ziegler (1974, p.108-9) in the Bactrian Mountains of Nevada, though Pa.
crepida  remains an extremely rare component (only three specimens from sample
BCT - 7 B & I) of the North American faunas.  The lowest Upper Devonian
successicns have been discussed previously (see under Middle/Upper Devonian
beundary). '
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In Australia, Druce (1974, p. 6-9) has reviewed the present state of
knowledge as regards the Upper Devonian conodont faunas. Again; up to the
top of the marginifera Zone they are very similar to the German standard,
above they are different.  Druce (fig. 1) has Po. asymmetricus, A. rugosa,
A. buckeyensis, A. gigas and A. rotundiloba appearing more or less
simultaneously and prior to any species of Palmatolepis at the base of the
asymnetricus Zone, which is unusual though no detail is included. On the
zonation chart, the Icriodus succession of Seddon (1970a) is included in
the interval of the asymmetricus, triangularis and gigas Zones.

The Tatter are recognised in the deeper water fore- and inter- reef
facies by the usual index forms - the so-called Palmatolepis biofacies,
but Seddon proposed the alternative scheme for the Icriodus biofacies
of the reef and back-reef areas. . . .. |

. The correlation between the two sequences is rather tenuous but is
‘indicated on the chart. There are three zones - 1. symmetricus, "I. curvatus"
and I. alternatus, the middle one including an anaustulus herizon characterised
by the two subspecies of I. brevis and by Pelekysanathus planus, ‘Seddon
(1970a, p.737) found Po. dubius (formerly Po. foliatus) was often associated
in the Tower part of the "curvatus" Zene as was Po. decorosus s.s. in the
alternatus Zone.

For definition of the zones and distributions of the index conodonts
see Ziegler 1962b, 1971 and Sandberg and Ziegler 1974. For discussion
of the North American situation, see Klapper and others (1971, p.300-11,
figs. 3-6) and of the Australian sequences, Druce (1974, p. 6-9, fig.1).
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CONODCNT FAUNAS OF THE PLYMOUTH LIMESTONES

The oldest conodont faunas from the Plymouth area comes from the
dominantly argillaceous succession of Rum Bay, south of Durness Foint.
This fauna has not been fully studied but the presence of a latericrescid
and I. cf. I. fusiformis suggests a Tevelrcomparable with the Belgian
Em3 , but this requires further investigation.

- The corniger Zone is represented by the argi]]aceouﬁ limestones of
Durness Point. Herein I.. .retrodepressus and I. corniaer are firmly
identified. Fdrms which are similar to I. curvirostratus and I. introlevatus
are present and may indicate the third association of Bultynck 1972; '
certainly the oral configuration of these forms lies nearest to these
latter morphotypes. 13 expansus has not been recovered, so its association
with I, retrodepressus sensu Bultynck 1972 cannot be confirmed. Some of
the icriodids appear to be transitimal between I. corniger and
1. retrodepressus in some oral features. Bultynck recorded I. retrodepressus
from the middle part of the corniger Zone, specifically in the upper narts '
of Co]c into the lower part of C°2b. The aforementioned,corniqer'association ‘

corresponds with this interval. From the southern end of Richmond Valk .

(SX 458541), limestone with an almost identical 1ithology and fauna has

yielded 1. cf. 1. corniger, ~ Forms described as I. expansus-nodosus
group morphotype 1 are probably new but await the collection of additicnal
‘mater1a1; these show 'Eifelian' characters., In association, a single specimen
of a'polygnathid superficially similar to Po. linquiformis juv. is considered -
to be a new form (Po. n.sp. aff. Po. porcillus) relating the latter to

Po. anqustipennatus. The author has seen many such forms from the_German
Zwichenschichten (kockelianus Zone) and Bultynck has related similar forms

in the phylogeny of Couvinian Polygnathus (Bultynck 1970, p. 127, fig.16, p.122)
The age of this fauna from Richmond Valk may be younger than the Durness

fauna but it is certainly older than Givetian.

An Eifelian age is inferred for the northern belt of thin to thick bedded
limestones striking east to west through Laira, Princerock, North Cattedown
and Coxside. Comparable horizons are met with in Drakes Island and probably
on the Mount Batten Coast and at Hooelake. The shale - Timestone transition
beds are seen at Laira and Princerock, sections which need more intensive
collecting to establish the age of the beginning of limestone deposition,
especially as it relates to the Laira trilobites (see 'Plymouth situation').
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Mo particularly diagnostic conodnts have been found in the lLaira Eridge
cutting though they would seem to correspond to horizons in Cattewater Poad, .
Princerock and Teat's Hill Quarry, Coxside. " Icriodus is represented by

forms referred to as I. expansus-nodosus morphotype 2 and, from Teat's Hill,
1. reqularicrescens. The latter ccmes from Upper CouVinian levels in
Belgium, particularly the upper part of COZC_ ard COde Po. pseudofoliatus,
Po. linguifermis linquiformis  morphotype § and Po. aff. Po. xylus are
associated, though none of these are particularly diagnostic. The nrasence
of a single specimen referred to as S. aff. S. brevis in a Cattewater

Road fauna suggests high Givetian levels in terms of the European Standard,
but the form is herein not considered to be as diagnostic as previously
thought. Similarly, from these levels at Coxside comes S. bidentatus,

an occurrence vhich is here equated with its occurrence in Belgium, that is
during the uppermost Couvinian (COZd)'and low Givetian. From Drake's

Island (SX 468529)comes a single specimen of Po. anaustipennatus from a
limestone secuence at the west end of the Island, and another from a limestcne
raft within tuffs; .this polygnathid is regarded as mid to late Eifelian in age.

Icriedvs obliquimarginatus, I. n.sp. a, I. expansus-nodosus group
morphotype.3, Po. xylus, Po. aff. Po. xylus, Po. pseudofoliatus,
Po. cattedowni sp. nov., Po. linquiformis lincuiformis ¥ morphotype,
Po. 1. aff. nova forma 1, Po. latus, S. brevis, and S. bidentatus are
considered to represent a low Givetian association. These forms have been
found, variously associated, in the belt of thicker bedded 1imestones south
of and above the aforementioned Eifelian belt. The boundary may be
represented in the Cattedown Quarry section (SX 493539) which is remarkably
“similar to the Couvinian/Givétian boundary beds of Haine Quarry, Couvin,
Wellin and Marenne (Belgium). Of the above forms, Po. latus represents
the most valuable index form but unfortunately it is very rare; the record
of this- form from Neal Point (NPZ) represents only the third record of the
species since the original description by Wittekindt (see Taxonomy).
S. bidentatus is here considered not to range higher than the obliquimarainatus
Zone and is thought to be rare above the lower part of this interval.
Po. pseudofoliatus and small forms referred to herein as Po. xvlus and Po.
aff. Po. xylus are similarly associated and are considered to have a low
Givetian aspect. Later forms of Po.pseudofoliatus, not enccuntered in Plymouth
have narrower platforms and tend toward Po. dubius. Similarly, later forms
of Po. xylus may have larger, more robust platforms ard curved axes.
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- Pe. cattedowni n.sp. appears to be a va]uab1é index form 1in P]ymouth,
and further collecting may prove it to be more widespread than hitherto
established.  Its occurrence with I,  obliquimarginatus and I. n.sp. a
(Princerock) may be significant but as yet this association represents a
strictly British one. The I. expansus-nodosus group is the most widespread
representative of Icriodus in the low Givetian strata of Plymouth but
unfortunately the preservation of the aboral margins is such that a thorough
appraisal of its stratigraphical value is limited.

Po. linquiformis 1inguifomis is well represented in the Plymouth
‘Givetian. The g’ morphotype appears to occur throughout but forms
(Po. 1. aff. nova forma 1) with strong mérginal ornament and tonques with
varying degrees of angular deflection are encountered (in Princerock and
Neal Point) which may prove of stratigraphical value in the future;
unfortunately numbers are few.

The presence of S. brevis is problematical. Rather than to consider
the whole of the Plymouth Limestone, as no older than the varcus Zone, and the
extension of most of the aforementioned forms into the latter Zoné, the
appedrance of S, brevis 1s no longer considered to mark the base of the varcus
Zone. This is not totally surprising in the 1ight of its occurrence well
into the Uppek Devonian at the other end of its range. It may ererge that
useful subspecific differentiation of this form is possible in the future.

Apart from the I. expansus - nodosus group and Po. linguiformis,
conodonts are rare above the aforementioned assocfations in the Givetian in
| the east. The limestones are nearly everywhere biostromal in nature and
unproductive in terms of conodont fauras. Such a facies is thought to .
persist in the Cattedown and in the south eastern areas until well into the
Frasnian., Westwards, varas Zone faunas are known from the Richmond Walk,

Mount Wise and Mutton Cove areas.

The dffficu]ty in defining the base of the varcus. Zone has been
mentioned previously. Becawse of the wide range of variation exhibited
by forms loosely designated "Po. varcus® in the past, Klapper et al, 1970
have attempted to clarify the situation by redefining the name giver and
erecting new form species. The author has introduced additional refinement
and one vaits to see if this proves of any stratigraphical value.
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Within the varais graup, Po. xylus and associated forms cerfainly
appear well before the late Givetian, in fact within the Eifelian, It is
important that these forms are clearly recognised as such when encountered.
They are not common in the material studied but one may make an observation
as regards other European material: a blade in excess of half unit length
is a character of some forms thouch not of Po. xvlus s.s.; most of the
forms have steep anterior trough margins. Po. rhenanus, Po. timorensis
and Po. biconvexus have a more limited occurrence in Plymouth, The first
named is known from the lowest horizons of Richmond Walk (North) and from
near Botus Fleming, in both.cases associated with forms provisionally called
Po. aff. rhenanus (see Taxonomy); S. brevis, Po. biconvexus, and the
long ranging Po. linquiformis linquiformis X' morphotype; this association
is considered to be of varcus Zone age. Forms assianed, rather loosely, to
the Po. varcus group also occur in the Richmond VWalk section - but the
difference between isolated specimens is often most pronounced, and'they are
" quite unlike any of the "typical" representatives. Typical representatives
-of Po. timorensis have been recovered only from Mount Wise - (SX 455541) where
the specimens (identical to the holotype) are associated with Po. biconvexus
sp. nov., Po. varcus and Po. aff. Po. rhenanus. In so much as all the
members of the varcus group may be present (see discussion in Taxonomy), tbis
is an exceptional fauna, and one would hope to provide more data on the
variation (and its significance) within the group at a later date.

The age of the Mount Wise fauna is considered to be uppermost varcus
Zone since Po. mucronatus (fomerly Po. linguiformis subsp.) as well as the
similar Po. serratus &p. nov. and abundant BQQ_], 1inguiformis X morphotype
is encountered. In fact the presence of Po. tuberculatus and Po. aff.
Po. transversus indicates Vittekindt's transversus Zone, thouch because
Schmidtognathodus and other hermsnni-cristatus Zone forms are not present,
the latter zone is not represented as suchs3 ~the possible partial equivalence
of the varcus , transversus and hermanni-cristatus zones has been
indicated previously. Also from Mount Wise comes S. brevis and S. planus.
It is worthonf note that all the brachiopods recorded from here are also
recorded from the Lummaton and Wolborough Shell beds of East Devon (Davidson
1863, p. 1243 Ussher 1907, p. 53).  What Mount Wise  lacks in the other
macrofaunal elements it appears te make up for in its rich conodont fauna
(compare Matthews 1970).
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A single, poorly preserved fauna from the massive limestone of
West Hoe includes Po. cf, Eg} cristatus, Po. "asymmetricus aroup and
? Palmatolepis. Because of the absence of Ancyrodella, these horizons
would appear to represent the Lowermost asymmetricus Zone, though the
preservation is poor and they may be reworked; in any case the limestone
would be younger than Middle Devonian. . ” '

Thé best Upper Devonian sequence of conodont faunas comes from
Western K1ng (SX461533). Closer spaced sampling is necessary here, but
the results herein presented show the simultaneous appearance of
Po. asymmetricus and Ancyrodella rotundiloba. Po. a. ovalis and
A. r. alata are by far the most common representatives and it is debatable
whether the other subspecies of these forms are present at all, Some forms
are referred to A. rugosa c.1.. Po. dengleri and rare, small and smooth
Palmatolepis (Pa. aff. Pa. trznsitars) are associated; the fauna is
c1ear1y indicative of the Lower asymmetricus Zone. Icriodus n.sp. aff,

.. alternatus is an associated icriodid which is apparently restrlcted to
these levels,

_The Middle asymmetricus Zone is indicated by A, gigas in the southern
horizons of the Barn Pool limestones (SX456532) and again in the northern
outcrop of Durnford Street (SX 536464) where A. gigas s.1. is a prcferab]e
designation.  This Tatter fauna (which often shows strong deformation,
is white in colour and fragile) includes Po. nismi ard Pa.? durnfordi, -
which are new, and Po. asymmetricus. The presence of a few palmatolepids
with strong Tobe development suggestive of Pa. gigas and/or Pa. sutnerlobata
may indicate stratigraphic admixture, though typical representatives of
these forms are not associated, and their occurrence is ccnsidered for the

moment as due to a stratigraphic 1eak. I. symmetricus, I. expansus-nodosus
gp., and rare I. aff. I. brevis represent the icriodids. Similar icriodids

come from southern horizons of Radford Quarry  (SX 505530) with A, aff,
A. rotundiloba and Po. asymmetricus. These horizons are considered to be

late: Lower asymmetricus Zone in age.

With few exceptions, the whole of this eastern region,'apart from Radford‘
Quarry, is barren in terms of conodonts and to a relatively large extent

in macrofauna too. Such faunas that have been retrieved indicate an.
Upper Devonian history but are pkobab]y fortuitous and may result, at least
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at these levels, from occasional 'insweepings' into this 'restricted'
environment.

~ The Upper Devonian sequences above the Middle asymmetricus Zene are
mostly characterised by occasional po1ygnéthids in Radford Quarry.' The
northern teds have yielded Pa. aff. Eg; subrecta and Ancyrognathus cf. A
triangularis indicating'the A. triangularis Zone, tut again the faunas

are por and in the absence of continuous successions it is not possible

to rule out a younger age, since both form range higher than the latter Zone.
The same is true for the isolated fauna of the Fisons Quarry (SX 493538) red
argillaceous shale and conglomerate matrix in which numerous Pa. subrecta

are associated with Ancyrodella curvata, Ancyrognathus trianqularis and
morphotype 2 of I. symmetricus. A comparable though much sparser fauna

comes from the red and pink limestones at the southern end of Curnford Street.

. The Tlatter appears to be in sequence but one must take great care to distinguish
between these red limestones many of which are stratigraphic leaks (see
‘Plymouth environments),

Faunas cefinitely older than Middle Frasnian are sporadic, The red
argillaceous limestone and shales of Mestern King (South), often discordant,
sometimes with brecciated arey limestone inclusions and occasicrally infilling
what have been interpreted as solution hollows (Crchard 1975) have yielded
an abundant Upper Frasnian/Lower Famennian fauna (see appendix for details).
Similar features can be seen in Durrford Street too. In Radford Ouarry a
single specimen of Pa. termini in addition to other indeterminate palmatolepid
fragments from the highest horizons, suggests that the Middle crepida Zone is
represented. The limestone is not thought to be condensed here, though on
the other hand there is no evidence of solution of the limestone. The latter
is, however, thought to be responsible for the presence of these Famennian
forms at the top of the sequence. Not far away, in Langshill Quarry
(SX 499532), the top of the limestone is seen in contact with green shales
(in the core:of the syncline). The contact here appears to be concordant,
allowing for some degree of differential movement, but bulk sampling has not
produced a single conodont, so the age of this event is not known; this {s
the mly locality where the contact is seen. Elsewhere r:- shales, still :
undated, appear to lie above the massive limestones in the “urnchapel area
(SX 496531) and they appear again in Bedford Quarry (SX 540538), Their

presence may be due to differential subsidence and/or later tectonics but
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no clear uniform termination of limestone deposition is indicated.

The green and purple shales north of the 1imestone are thought to
be in faulted contact, though the contact is nowhere seen; the nearest
point of outcrop to the limestone is north east of Saltram Quarry

-7 (SX 518547). The age of the shales is indicated in Fig. 3 (Ostracod ages

after Gooday 1975). A conodont fauna from Neal Point indicates the Tower
part of the Upper marginifera Zone (see Appendix for details).
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"SYSTEMATIC PALAEONTOLOGY

Foreword

The current trend in cdnodont systematics is toward a unified multi-
element taxonomy. Such an approach is well established in some parts of the
Palaeozoic and conodont zonations are consequently more 'natural’ in being
based on phylogenies into which the mozai¢ nature of multi-element evolution
is incorporated, As has been discussed by Klapper and Philip (1971, p.439),
form taxonomy obscures important differences betwéen'simi1ar elements which
occur in very different assemblages, obscures homologies and has led to a
confused excess of synonomous form-generic names, Furthermore there are
many form species based on minor and perhaps insignificant morphological
variation. The major difficulty is, of course, that since we do not know
the nature of the conodont animal nor the function of the conodont apparatus,
it is impossible to be sure of the characters which are of taxonomic
importance, and so such variation as is due to ecological differences or
dimorphism.(see e.g. Jeppsson 1972, Merrill and Merrill 1974) is extreme1§
difficult to evaluate.  There is also an urgent need for ontogenetic
studies, since these have often been overlooked. A biometric approach
(e.g. Barnett 1971) will perhaps be a great help in sorting out the meaning
and significance of these variations, but meanwhile a more natural approach
to conodont taxonomy must inevitably lead to a fuller understanding of the
subject.

Within the Devonian the problems are underlined simply by the great
diversity of the conodonts. Devonian natural assemblages are known only from
the Upper Devonian Kellwasserkalk of Germany, and all these occur in
" coprolites (Lange 1968)., Fortunately because there appears to have been
relatively few 'structural plans' within the conodont apparatus, by means of
structural homology it seems possible to indicate assemblages compositions in
some instances. Klapper and Philip 1971 introduced a system of symbols
(1971) and recognised four basic apparatus types which they (1972) related to
a familial classification (1972):
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Type 1 apparatus = Polygnathidae Bassler, 1925 -
consists of'P,OI,N,A]-Az-A3 elements
(see Klapper and Philip 1971, p.432-3; 1972, p.99-100).
Cryptotaxidae - consists of P,0,,N, B]-BZ-B3 elements, |
Hibbardellidae Muller, 1956 —
consists of 0,, N B]-BZ-B3 elements
(see Klapper and Philip 1971, p.435-7; 1972, p. 100 01)
Type 4 apparatus = Icriodontidae Muller and hu]ler, 1957 -

~consists of 1,5 + M elements :

(see Klapper and Philip 1971, p.438-9; 1972, p.101-03).

Type 2 apparatus
Type 3 apparatus

Ve

A fifth family, the Panderodontidae, may include intergradational series of
simple cones  (see Klapper and Philip 1972, p,103-4).

) It is premature to say whether Klapper and Philip's scheme is correct.
There has subsequently been some support for some of their assemb]éges

(e.g. Savage, 1973; Chatterton 1974) though Fahraeus (1974) considers that

the element composition of the earliest Polygnathus apparatus (i.e. Polygnathus

berbonus - see Klapper and Philip 1971, fig. 11, p.449) remains unknown,
Ziegler and Lindstrom (1972) have presented alternative views on Devonian .
assemblages,notably comsidering the association of different platforms in

apparatus devoid of ramiform elenents.

Bultynck (1972, p.72) has considered that the Belgian Middle Devonian
Icriodus associations do not support the suggested association of Philip
and Klapper (1971, fig. 8, p.446), that is an icriodonton plus an acodinan

element. Rather, Bultynck groups one to three form species of Icriodus
together within an assemblage. The results from this work support the approach
of Bultynck as regards the icriodids, though the poor preservation of the

aboral surfaces presents a difficulty.

Insofar as a general multi-element approach is concerned, there are a
number of difficulties. For. the most part, the depositional environment of
the Plymouth Limestones was a high energy situation. . Because of this,
associations, particularly those from the often enriched bioclastic horizons,
will rarely reflect original asserblage compositions due to the effects of..
spatial and perhaps temporal mixing, due to differential current sorting
and to preferential breakage of particular elements, Though this is true
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for the most part, elemental distributions thrbughout the Timestones do
reflect what are thought to be primary distributional patterns to an
extent (see conodont biofacies). Of course, there are inevitable
difficulties arising from the often identical nature of fragmented

ramiform elements. Whenever it has been possible, the "bars and blades"
have been identified in multielement terms and some are illustrated, but it
is felt impracticable to attempt a multielement approach. Hence the main
systematic part is predominantly a singTe e]ement} form-taxonomy, for |
reasons mentioned, and because the main thrust of the thesis is biostratigraphi
The latter reason is presented as a justification for such a dual .
nomenclature and also for the recognitidn of 'morphotypes’,

Such distinctions are used because they allow observations on the
morphological variation of specimens to be stressed without defining the
nature or the significance of such variation. Thus, morphotype "1", "2"
and "3" may prove to have a stratigraphical application and therefore be
biologically meaningful, and hence subspecific/specific status can be
later effected, - Such may now be warranted for the morphotypes of |
Polygnathus lingquiformis Tincuiformis (see Polygnathus linguifofmis group)

On the other hand, morphotypes may reflect only different ontogenetic stages,
different positions within a single conodont apparatus, dimorphism or
ecologic variation. Such may be revealed on further collecting,

Further emendation of taxonomic status has been necessitated by the
nonsensical situation of subspecies occurring in the same fauna (see
Sylvester Bradley 1956, p.3; Aldridge 1972, p.160). Of course one
must be wary of stratigraphic mixing, but this practice is not uncommon
in the Dévonian. especially the late Devonian (e.g. the Palmatolepis glabra
group). Complete revision is outside the scope of this work, so some
-distinctions such as these are evident in the faunal lists. As Seddon
(1970a, p.737) has noted, ‘artificial' (specific) distinctions are worth
making if they clarify morphology, articulate evolutionary patterns and/
or permit stratigraphic discriminations. '

Lindstrom and Ziegler (1972) and Huddle (1972) have written
authorative statements on the subject of conodont taxonomy.
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~ The Ancyro Group

The group is distinctive and of short stratigraphical range, being
restricted to the Tower Upper Devonian. "Ancyrodella is the most common
representative, Ancyroanathus is less common and appears later.

Form genus Ancyrodella ULRICH AND BASSLER . -
Type species Ancyrodella nodosa ULRICH & BASSLER 1926,
1926 Ancyrodella ULRICH AND BASSLER, p.48.
1957 'Ancxrogenta MULLER AND-MULLER, p.1092-3.
Description: See Huddle 1968, p.6, Ziegler 1973, p.21.
Remarks:  Within this form genus, the general outline of the platform and,
aborally, the development of secondary keels, have been considered as the
most important characters for specific differentiation.

The stratigraphical valve of Ancyrodella was demonstrated by 2iegler
(1962, fig. 2)\who outlined the plylogenetic development of the group.
This author considered that Ancvrodella rotundiloba, the earliest
.. representative, evolved from a polygnathid ancestor, probably Polvanathus
asymmetricus asymmetricus through'progressive restrictions of the anterior
platform to produce distinct lobes, by thickening of the platform and through
the strong attenuation of radial undulations aborally to form keels,

Ethington and Furnish (1962, p.1260) considered a complete sequence of
A. curvata and noted the close similarity of the juvenile specimens to
Spathoanathodus insitus ( STAUFFER), the former differing in the development
of "denticulate lateral processes on the upper surfaces of the flared 1ips
of the escutcheon". As pointed cut by Glenister and Klapper (1966, p.793)
‘the stratigraphical succession of Ancyrodella suggests that A.curvata was |
derived from A. lobata, but nevertheless the ontogeny of the former would
seem to be recapitulating its phylogeny in view of more recent work,

Uyeno (1967 and 1974, p.23, 26, 43, 44) has indicated a phylogentic
sequence from Spathoanathodus insitus, through Spathognathodus? sp. to
Ancyrodella rotundiloba binodosa, and A. rotundiloba subsp.A.,

Uyeno considers that the succession within the Watervays Formation
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"suggests a possible phylogeny and origin of Ancyrodella, relating it
with Spathognathodus", Walliser (1957, p.34) has reported a similar
series relating Spathognathodus = Ozarkodina fundamentata to’'the

homeomorph Kockella in the Silurian,

. The multielement Ancyrodella is of type 1 apparatus according to
K]apper and Philip (1972, p.99). Ziegler . 1972, suggested it may be
represented by a single pair of ancyrodellids or be associated with
Ancyrognathus.,

Range: By definition, Ancyrodella ranges from the base of the Lower

Polygnathus asymmetricus Zone (Ziegler 1971). According to Ziegler

(1958) A. buckeyensis is the last to disappear - within the Middle

Pa, triangularis Zone. Ziegler 1974 (p.22) gives the upper limit of
- its range as the top of the Lower Pa, triangularis-Zone.

Ancyrodella curvata (BRANSON & MEHL)
Plate 26, figs.10,11,13; Plate 27, fig. 6

*1934 Ancyrognathus curvata n,sp. - BRANSON & MEHL, p.241,p1.19, figs.6,11,
.1938 Ancyrognathus asteroideus n.sp. - STAUFFER, p. 418,p1.52, figs.8,9.
.1955 Ancyrognathus curvata BRANSOM & MEHL - SANNEMANM, p.331, pl.24, fig.11.
.1956 Ancvrodella. curvata. (BRANSON & MEHL) -BISCHOFF, p.118-9,p1. 8 figs.9-11.
71956 Ancyrodella sp.A - HASS, p.20, pl1.4, fig. 18.
.1956 Ancyrodella sp.B - HASS, p.18, pl1.4, fig. 20.
.1957. Ancvropenta asteroideus (STAUFFER) -MULLER & MULLER, p.1093,p1.136,figs,7,8.
.1957 Ancyrodella curvata (BRANSON & MEHL)-FLUGEL & ZIEGLER, p].l.fig.S;
.1958 Ancyrodella curvata (BRANSON & MEHL)-ZIEGLER, p.40-1, p1.11,fig.5.
.1962 Ancyrodella curvata (BRANSON & MEHL)-ETHINGTON & FURNISH, p. 1261-2,

pl. 172, figs. 12 - 20.
.1966 Ancyrodella curvata (BRANSON & MEHL) - GLENISTER & KLAPPER, p. 798,

pl. 86, figs. 13-15.

.1966 Ancyrodella curvata (BRANSOM & MEHL) - ANDERSON, p.403, pl.48,.
igs. 2,4,6,9,1T1,13,
.1967 Ancyrodella curvata (BRANSON & MEHL) - WOLSKA, p.373, pl1.1,figs.12,13,
.1967 Ancyrodella curvata (BRANSON & MEHL) -VAN ADRICHEN BOOGAERD, p. 177- 8,
pl. T, fig. 1.

.1968 Ancyrodella curvatus (BRANSON & MEHL) - MOUND, p. 469-70, pl.65,
figs. 9,6, 13-16,

.1968 Ancyrodella lobata (BRANSON & MEHL) - MOUND, p. 470-1, p1.65,figs.7-12,
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. 1970 Ancyrodella curvata (BRANSON & MEHL) - SEDDON (a), pl1.16, figs.3,4.

. 1971 Ancyrodella curvata: (BRANSOV & MEHL) - SCHUMACHER(b),.p 100-1, pl1.12,
f1gs. 4-6,

. 1971 Ancyrodella curvata (BRANSON & MEHL) - SCULSZEWSKI, p.11- 12, pl.3
f1g. 5 p] 4, figs. 4- 5

Diagnosis: Ancyrodella with a distinct postero-lateraT lobe which bears a

well developed secondary carina and keel, making a total of three in all.

The posterior process is typfcaIly very narrov, Besides the strong carina,
the platform surface bears a nodose ornament, which may be regularly aligned.
Remarks: This form lies cldsé- to'A. lobata which is not clearly established.
A. curvata differs in having a clearly differentiated postero-lateral process
bearing both a carina and keel. The latter, in particular, is apparent even
in very small specimens (e.g; pl. 26, fig.11), and thereafter, growth involves
the greater differentiation of this lobe, See also Ethington and Furnish
p.1261-2, ‘

One notes that A. lobata sensu Sculczewski fills nicely the "morphological
gap" between his A.gicas (p1.4, fig.1) and his A, curvata; from the former
to the latter we have the specinmens figured on his pl.4, fig.3 » pl.3, figs3 »
4 5 1 and hence to his A, curvata (Sculczewski 1971, pl.4, fig.4).

Occurrence: Samples 77, 77c Fisons Quarry, Cattedown; UK 6a, wa], Hestern
. King 3 115, Radford Quarry.
In Germany: base of the Upper asymmetricus Zone - low Middle
Pa. triangularis Zone. '
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Ancyrodella gicas YOUNGQUIST sensu lato
Plate 26, figs. 1,3,4,9,12; P1.27, figs.3,8.

* 1647 Ancyrodella gigas n.sp. - YCUNGQUIST, p.96-7, pl.25, fig.23.
1947 PAncvrodella sp. - MILLER & YOUNGQUIST, p.503-4, pl.74, fig. 13.
1947  Polvgnathus rotundilcba .BRYANT - YOUNGQUIST, p.110, pl. 26, fig. 6.

. 1857 Ancvrodella gigas - YOUNGQUIST - MULLER & MULLER, p.1091,p1.141,figq. 8
pl. 142, fig., 1.
. 1958 Ancyrodella gigas YOU“CQUIST ZIEGLER, p. 41 2, pl.11,figs.8,10,17.

1965 Ancvrodella gigas YOUNGQUIST - KREBS & ZIEGLER, pl.2, fig.7.
© 1965{a) Ancyrodella gigas MILLER & YOUNGOUIST (sic) -ZIEGLER, pl.1, fig.l.
. 1966 Accyrodella gigas YOUNGQUIST - ANDERSOM, p.403, pl.48,figs.10,14,
. 1968 Ancyrodclla giors YOUNGQUIST - MOUND, p.470, pl.65, figs. 17,18.
1971 "Ancyrodella giaas YOUNGQUIST - SCULCZEWSKI, p.12, pl.2, fig.3; pl.4,
. 1974 Ancyrodella gigas YOUNGQUIST - UYENO, p.23, pl.1, figs. 1,8,0. Mig.1.

Diagnosis: /Ancyrodella with an elcngate, triangular platform with well developed
sacondary carinae and keels which extend to the pointed anterior lobe tips.
Platform ornament consists of stout 'semi-regular' nodes. '

Remarks: Youngquist's holotype is rather atypical in comparison with forms
subsequently designated A. gigas. The former is characterised by a platform
which 1s distinatly and abruptly narrcwed at about its midlength to produce an
extremely long and narrow posterior process. In this respect the form
approaches A. nodosa ULRICH & B/SSLER which differs in being even more strongly
‘constricted posteriorly, in its equi-triangular and often reduced platform,

and its more subdued ornament. Scmetimes, A. nodosa also has an ornament of
transverse ridges and this relates it to A. buckevensis STAUFFER, the platform

outline of which often approaches that of_A. gigas. The shorter, more
equitriangular platform and ornament of transverse ridges distjnguishes

A. buckeyensis from A. gigas.

A. rucosa also has strongly developed secondary keels but, in the holotype
(Branson & Mehl 1934, p1.19, figs.15,17), these do not extend to the lTobe tips,
which are rounded and not pointed as in A. gigas. The characteristic ornament
of numerous rounded nodes of A. rugosa is also a feature of some specimens

referred to A. gigas (e.q. Uyeno 1974, pl.1, figs, 1,8).
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The specimen illustrated on plate 26, fig. l'appears to be closest to
the type of A. gigas in possessing a long platform. Others included here are
characterised by a shorter, broader platform with an ornament of large random
nodes. (pl1.26, figs. 3,4,9,12; pl.27, figs. 2,8); the specimen figured by
Miller and Youngquist is very similar, It is thought that these latter may
represeht a new form species, since similar forms can be distinguished in the
Belgian Frasnian (personal communication, Mouravieff 1974). However, they
do fall within a broad concept of A. gigas, together with the very different
specimens cf Uyeno, and with others such as those. il]ustrated by Sculczewski
1971 which have a platform shape tending toward A.curvata ., For .these
reasons, the suffix sensu Iato is here used until the stratigraphica] meaning
of these various forms is clarified. ‘ '

Occurrence: Sample 135, Barn Pool, nr. Cremyl; Sample DS1, Durnford Street
(cf.) HL11, Hooelake Quarry. In Germany: . from the base of the Middle
asymmetricus Zone to the top of the_Lower gigas Zone,

Ancyrodella nodosa ULRICH & BASSLER
. Plate 27, fig. 7
* 1926 Ancyrode]la nodosa n,sp, - ULRICH & BASSLER, p.48,pl.1, figs. 10 13.
. 1926 Ancyrodella hamata n.sp. - ULRICH & BASSLER, p.48,pl1.7, f19 7.

. 1948 Ancyrodella nodosa ULRICH & BASSLER - YOUNGQUIST & MILLER, p.441,
o pl.68, figs. 13,14.

. 1956 Ancyrodella nodosa ULRICH & BASSLER - BISCHOFF, p.119, p] 8, fig.15
(non fig.12 = A, buckeyensis),

. 1957 Anc¥rodella hamata ULRICH & BASSLER - MULLER & MULLER, p.1091-2,
p 3 ]gc '

. 1958 Ancyrodella nodosa ULRICH & BASSLER - ZIEGLER, p.44, pl.11,fig.1.

. 1962 Ancyrodella nodosa ULRICH & BASSLER - REICHSTEIN, p.1 fig 14,15
(fig.14 transitional from_A. buckeyensis),.

. 1966 Ancyrodella nodosa ULRICH & BASSLER - GLENISTER & KLAPPER, p.798-9
p1.86, figs. 5-12.

. 1968 Ancyrodella nodosa ULRICH & BASSLER - HUDDLE, p 6 - 7, p1.13, fias.1- 4,.
7-10" {cop. ULRICH & BASSLER),

. 1969 A?cygode1la nodosa ULRICH & BASSLER - CHALYMBADSCHA & TSCHERNUSHEVA
P figs.

. 1970 Ancyrodella nodosa ULRICH & BASSLER - SEDDON (a), p1.16,fig.5.

. 1971 Ancyrodella nodosa ULRICH & BASSLER - SCHﬁNLAUB, pl.4, fig.14,

« 1971 Ancyrodella nodosa ULRICH & BASSLER - SZULCZEVSKI, p.14-15, pl.2
fig.2; pl. 5, figs. 2 - 5.




-Diagnosis: Ancvrodella with a strongly constricted posterior platform
produced into a narrow posterior lobe. The two anterior lobes are equally
narrbw, and on their underside bear fully developed secondary keels which
extend to the sharp anterior lobe tips.

Description: See Huddle 1968, p. 6-7.

Remarks : A single specimen from Plymouth conforms exactly to A, nodosa in
the strongly constricted posterior platform, in this case very short.

A. buckeyensis differs in having a less constricted platform whereas that of
A. ioides is more so. ‘ | |

Occurrence: Sample 56, Vestern King, Plymouth., In Germany the form ranges from
the base of the A, triangularis Zone to a level within the Uppér giqas Zone.

Ancyrodella rotundiloba (BRYANT)
1921 Polygnathus rotundilobus, spec. nov.~- BRYANT, p.26-7, p1.12, figs., 16 ;
p.26, tx fig.7 (Ziegler designated fig. 1 as lectotype in 1958, p.44).

1967 Ancyrodella rotundiloba (BRYANT) - MULLER & CLARK, p.908, pl. 115, fig.8;
: pl. 116, figs. 1-5; p. 908-10, tx, figs., 5-7. ' ’ o '

Diagnosis: Ancyrodella with a basal cavity of variable size from which up to
two keels may be developed, though neither extends to the platform margins which
are rounded anteriorly.

Remarks: Four subspecies have been distinguished and all appear to have
staggered ranges and distributional anomalies. A.r.binodosa is the earliest
representative and is followed by A.r. subsp.A, sensu Uyeno 1967, A.r.
rotundiloba and A.r. alata.  There is some uncertainty as to the validity

of A.r. subsp.A. - In the Materways Fcrmation of Canada, this form closely
follows A.r. binodosa but appears well before A.r. glggg_(Uyeno 1974, p.5, 1 7);
A.r. rotundiloba is not recorded. In Belgium, from the zone F2a at Fromlennes,
fouravieff (in Bouckaert and Street 1974, F, p.1) has recorded forms transitional
between A.r. binodosa and A.r. rotundiloba above the lowest level of the former.
These are characterised by a coarser platform ornament than is typical of the
later forms, and in this respect would seem to correspond to A.r. subsp.A,
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However, Mouravieff (personal ccmmunication) has posed the critical cuestion

of whether such forms are truly an evolutionary development or rather due to

- an ecological respense. Chalymbadscha & Tschernusheva 1969 (fig.1, p.82)
recorded A. prima and A, pristina from strata below the first A.r. rotundiloba; |
these are thought to be synonomous with A.r. binodosa. ‘

A. rotundiloba lies closest to A. rugosa, The differences are dealt
with under each, '

Ancyrodella rofundiloba alata GLENISTER & KLAPPER
Plate 25, figs. 2,3, 5-10; P1,26, figs.5,6; P1.27,figs.2,9

. 1957 Ancyrodella rotundiloba (BRYANT) - BISCHOFF & ZIEGLER, p.42, pl.16,
fias. 6,9,11,12,16,17 (only).

1958 Ancyrodella rotundiloba (BRYANT) - ZIEGLER, p.44-5, p1.11, fig.12 (only).

1965 Ancyrodella rotundiloba (BRYAbT) n.subsp. - KREBS & ZIEGLER, pl.1,
figs. 8,9 (only). .

. 1966 Ancyrodella rotundiloba a1ata n.subsp.~ GLENISTER & KLAPPER, p 799-800,
pl. 85, figs. 1-8, p1.86, figs, 1-4,

. 1967 Ancyrodella rotundiloba (BRYANT)- CLARK & ETHINGTON p. 29-30, pl.2, //ﬁoba.
figs, 4,8-10, 13 (non fig.7 = A.r. binodosa, non fig. 15 = A r. rotundi -

. 1968 Ancyrodella rotundiloba alata GLENISTER & KLAPPER - POLLOCK, p. 424,
- pl. 61, figs,. 2,3,

; 1969 Ancyrodella rotundiloba alata CLENISTER & KLAPPER - POLSLER, p.404,
pl.4, figs, 1-4, .

. 1969 Ancyrodella rotundiloba alata GLENISTERP & KLAPPER- CHALYMBADSCHA &
TSCHERNUSHEVA, pl. 2, figs. 1-9.

'« 1971 Ancyrodella rotundiloba alata GLENISTER & KLAPPER - SZULCZEWSKI
p.15 - 16, pl.1, figs. 1,2,

. 1974 Ancyrodella rotundiloba alata GLENISTER & KLAPPER - UYENO, p.24,
pl.1, figs. 3,/. '

Diagnosis: A subspecies of A. rotundiloba with an alate platform outline

with two secondary keels, the inner one generally extending anteriorly to the
crimp and the outer one a lesser distance in a lateral or even posterior
direction.

Remarks: The keel development is the most advanced within the form-species
and provides the best criterion for distinction., In addition, according to
G]énister & Klapper, the platform often bears a finer ornament than the nominate
subspecies and the blade is generally composed of a larger number of lower
denticles. '
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In Plymouth, this subspecies is the most cormon and perhaps the cnly
representative of the form species. Some of the material is strongly
deformed and the state of preservation is genera]Iy poor, but two degrees of
keel development is apparent amongst the 'alate’ group. Some specwmens
have a very small keel development and yet lack a triangular platform out1ine
(e.g. pl. 25, figs. 2,3,5,8) as in typical A.r. rotundiloba. Although they
are not as strongly alate as other, associated, specimens (e.g. pl..25,
figs. 9,10), they are included here with them, The keel development is not
ontogenetic, as the small specimens on plate 25, figs. 6 and 7 demonstrate;
the former is very similar to the.' uncommon juvenile form illustrated by Muller
and Clark (1967, text fig. 7).

Cccurrence: Samples WK1, WK2, WK3, Western King, Plymouth.
In Germany, the form ranges from the base of the Lower asymmetricus Zone

to the top of the Middle asymmetricus Zone, , ,
Chalymbadscha & Tschernusheva 1969 (fig. 1, p.82) recorded A.r, alata
from strata above the appearance of A.r. rotundiloba and A. rugosa in the
Volga-Kama region, ‘ '

Ancyrodella rotundiloba rotund11oba (BRYANT)

1921 Polygnathus rotundilobus n.sp. - BRYANT, p.26-7,p1.12, figs. 1 6.

1933 . Polygnathus tuberculata HINDE - BRANSON & MEHL, p.148, p1.11,fig.9(only).

1934 Polvanathus rotundiloba BRYANT - HUDDLE, p.102-3, p1.8, figs. 36-7.
non1947 Polygnathus rotundiloba BRYANT - YOUNGQUIST, p.110, pl.26, fig.6(=A. gigggl

? 1957 Ancyrodella rotundiloba (BRYANT) - BISCHOFF & ZIEGLER, p.42,p1.16,
Figs. 5,7,8,10 (only), . ‘

. 1958 Ancyrodella rotundiloba (BRYANT) - ZIEGLER p.44-5, p1.11, fig.11 (only).

. 1966 Ancyrodella rotundiloba rotundiloba (BRYANT) GLENISTER & KLAPPER,
p. 799, pl. 85, figs. 9-13. A

. 1967 Ancyrodella rotundiloba (BRYANT) - CLARK & ETHINGTON, p.29-30. pl.2,
figs.15 (only), o

. 1967 Ancyrodella rotundiloba (BRYANT) - MULLER & CLARK,,p.908, pl.115, fig.8,
bT. 176, figs. 1-5. .

1969 Ancyrogellg_rotund110ba rotundiloba (BRYANT) - PCLSLER, p.404, pl. 4,
flgS. -

1969 JAncyrodella rotundiloba rotundiloba (BRYANT) - CHALYPBADSCHA &
~ TSCHERNUSHEVA, p1.1, figs. 9 = 12,
. 1970 Ancyrodella rotundiloba (BRYANT) - SEDDOM (b), nl. 7, fig. 1.
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v. 1970 Ancyrodella rotundiloba (BRYANT) - KIRCHGASSER, p1.65, figs.5,6,8,9.

1971 Ancyrodella rotundiloba rotundiloba (BRYANT) - SCULCZEWSKI,
- p. 15, pl. 1, fig. 3 (only),

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

1972 Ancyrodella rotundiloba rotundiloba (BRYANT) - KLAPPER & PHILIP
~p. 99, pl.2, figs. /=13 (not fig. 6), :

Diagnosis: A subspecies of A, rotvnd11oba with a triangular platform and a
secondary keel development which is only incipient, with ne1ther keel, if
present, extending to the crimp. : ' '

Remarks: A.r. rotundiloba differs from A.r. alata particularly in the form of
‘the keel development, which is never pronounced and often absent in the former.
Furthermore, the ornamentation is coarser, the blade composed of fewer, and
higher, denticles; the anterior lobes are also directed anteriorly rather than
laterally.,  The form is similar to A. rugosa which differs in having strong
keel development. Plymouth forms with triangular platforms and relatively
coarse ornament all have a fairly strong keel development and are therefore
related to A. rugosa.

In Germany, A.r. rotundiloba ranges from the base of the Lower asymmetricus
Zone to the top of the Middle ‘asymmetricus Zone.

»

Ancyrodella rugosa BRANSON & MEHL sensu lato
Plate 25, figs.1,4; Plate 26, fig.2 aff.7

aff. *1934 Ancyrodella rugosa n.sp. BRANSON & MEHL, p.239, pl.19, figs. 15.17,

1949 Ancyrodella rugnsa BRANSON & MEHL - BECKMAM, p.155, pl.1, fig.1;
pl. &4, fig, .2.

1965 Ancyrodella rotundiloba rotundiloba (BRYANT) - KREBS & ZIEGLER,
pl. 1, figs. 10=13,

non 1968 Ancyrodella rugosa BRANSON & MEHL - POLLOCK, p.428, pl.61, fig.1.
. 1971 Ancyrodella rugosa BRANSON & MEHL - SCULCZEWSKI, p.16,p1.2,fig.5
(see synonomy),

Diagnosis: An ancyrodellid with a triangular platform, bluntly terminated
anteriorly directed lobes and secondary keels which extend near to the lobe tips.
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Remarks: Several specimens fromPlymouth have strongly developed secondary
keels which do not, however, reach the anterior lobe tips. = They lack the

alate outline of A. rotundaloba alata yet have a much stronger secondary keel
development than is typical of A.r. rotundiloba, In this respect they can

be considered as being intermediate between A. rotundiloba and A. gigas.

Such a position is represented by A. rugosa according to Ziegler (1962b, fig.2).

The paratype of A. rugosa figured by Branson & Mehl (1934) has an arrov
shaped p1atform set with closely spaced coarse nodes. Forms with similar
platforms and ornament but w1th sharply terminated anterior lobes and completely
developed secondary keels are excluded. (e.g. cf. Pollock 1968), Forms,
here included, share a similar keel development, though orally they have less
in common both with the type and with each other. Plate 26, fig 2 is similar
to A. gigas s.1. but has secondary keels which do not extend to the rounded
lobe tips, as well as a very much enlarged basal cavity. Krebs & Ziegler
1965 (p1.1, figs. 10-13) illustrated similar forms. Plate 27, fig. 1, has a -
very large, evenly tapered platform and a similar keel development, though
the asymmetry of the lobes suggest affinities with A, rotundiloba alata,
Because of this variety, such forms as do not clearly belong to A, rotundiloba
subspp.nor to A. gigas but which 1ie between them in keel development, are .
referred to A. rugosa s.1. See also Remarks in Sculczewski (1971, .16 ),

Occurrence; Samples WK2, 54d, Western King; DS1 (aff.), Durnford Street.

In Germany, from the base‘of the Lower asymmetricus Zone to the lower
part of the Upper asymmetricus Zone.

. “Ancyroanathus BRANSON & MEHL
Type species : Ancyrognathus symmetrica BRANSON & MEHL 1934, p.240.

1934 Ancyrognathus BRANSON & MEHL, p.240.
1947 Ancyroides MILLER & YOUNGQUIST, p.504.

Diagnosis: A plate-1ike conodont consisting of one anterior lobe and two
posterior lobes. Secondary carinae and keels are well developed and a
triangular basal cavity is located near the junction of the latter, The
oral surface bears nodes or ridges.
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Remarks: see Ziegler 1962 {fig. 5 - phylogeny) and Glenister & Klapper 1966,

'Anéyroqnathus triznqularis YCUNGQUIST
- Plate 27, fig. 10

* 1945 Ancyroonathus'tkiaﬁaularis n.sp. - YOUNGQUIST, p.-356-7, pl.54,fiq.7.

1957 Ancyrognathus trianqularis YOU'GQUIST - rULLER & NULLER p.1097,
‘ pl. 137, figs. 3,6.

1965 Ancyrognathus tr1anou1ar1s YOUNGQUIST
- fig. 10,

» 1966 - Ancvrognathus triangularis YOUNGQUIST
pl. 87, figs. 10-13 (see synonomy).

. 1966 Ancyrognathus triancularis YOUNGQUIST

. 1967 Ancyrognathus trianqularis YOUNGQUIST
: - pl. 1, fig. 7.

. 1968 Ancyrognathus triangularis YOUNGQUIST
. 1970 Ancyrognathus triancularis YOUNGQUIST
. 1971 Ancyroanathus triangularis YOUNGQUIST - SCHUMACHER(b), pl. 12, fia.7.
« 1971 Ancyrognathus trianqularis YOUNGQUIST - SCULCZEWSKI, p.19-20,p1.6,figs.3-3.
. 1972 Ancyrognathus triancularis triangularis YOUNGQUIST-COEN, pl.1,figs.3-5.

ETHINGTON, p.570-1, pl.68,

CLENISTER & KLAPPER, p.802-3,

ANDERSON’ p.404’ p]o48,figs.]’5t
van ADRICHEM BOOGAERD, p.178,

MOUND, p.471-2, pl.65,fias.19-22,
SEDDON(a), p1.16, fig.10.

Diaghosis: Platform more or less triangular with straight or concave margins.
The angle between the posterior keels is 90° degrees or more, and the blade is
short, and progressively and gradually Tower posteriorly.

Remarks: Two specimens from Plymouth show the variation described by

. Ethington and Furnish (1962 p.1263) as ontogenetic, f.e, a small specimen has
narrowed tapered lobes whereas the larger (p1.27, fig.10) has broader, more
rounded lobe tips. See also Glenister and Klapper (1966, p.802-3).  Coen
(1972) discussed the stratigraphical integrity of the form and recognised two
subspecies.  A.r. euglypheus STAUFFER differs from A.t. trianoularis in the
éngle‘between the posterior keels, that is less than 90°, The former appears
earlier than the nominate subspecies in the Belgian Frasnian.

Occurrence: Sample 77a, Fisons Quarry conglomerate matrix. In Germany: from the
base of the A, triangularis Zone to the lower part of the Upper Pa. gicas Zone.
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P]ate 27 figs. 4,5.

1957 ‘Po]zgnathus ? sp. - LYS & SERRE, pl.6 fig. 2.
* 1962 “Ancyrognathus cryptus n.sp. - ZIEGLER, p.49-50, p1.9, figs. 2-6.

1972 = Ancyrognathus cryptus: ZIECLER - BUGGISCH & CLAUSEN, p 147
, tbl. T3 p. 15T, tBI

Diagnosis: Ancyrognathus with a slender, strongly incurved platform which

is flexed sharply downward posteriorly. The blade is very short, the ornament
is coarsely nodose, the outer.Tobe is only vestigial and the pit is 51tuated a
11tt1e posterior of platform mid-length.

Rémarks: Ziegler included fhis atypical species in Ancyroanathus because he _
considered it to have evolved from A, asymmetricus by reduction of the

outer lobe. It Ties nearest to A. sinelamina (BRANSON & MEHL) from which it
differs in the stronger lateral and vertical deflections of the unit.

Po, deformis ANDERSON is similar in some respects, but d1ffers in 1ts twisted
bar-1ike posterior end,

Cccurrence: Sample WK6a, Western King; j According to Ziegler (1970), the
form has a restricted range within the Middle Pa, triangularis Zone,

o Form genus Icriodus BRANSON & MEHL
Type species : ‘Icriodus expansus . BRANSON & MEHL 1938

As noted by Schumacher(1971b, p.90) this genus is in dire need of monographic
revision. Many of the described species are open to question having been
based on inadequate material and/or inadequate study. Furthermore, there is

a difference of obinion about the morphological features which are of

taxonomic importance. Bultynck (1972) considers that a sound classification,
and phy]ogény, ?an be deduced by using the sum total of the features both

oral and aboral.  However, the opinion of Druce (see conodont facies)-is that
the nature of the denticulation (degree of alignment and fusion) and the
overall ratio of 1¢ngth to breadth are variable and facies dependent.,

As far as a multielement taxonomy is concerned there is also disagreement,
K]apper & Philip (1971, 1972) included an icr1odontan(1) element with an
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acodinan (52) element in their type 4 apparatus (= Icriodontidae), The
validity of this association has been questioned by Bultynck (1972) who grouped
one or more form species of Icriodus together in his natural-assemblages.

In the Plymouth material, Icriodus is rarely associated with Acodina,
though when the latter is present the former is common. Chatterton (1974
'p.1467-8, 1478) has presented similar results and I agree with him that the
natural association remains to be proven. Bultynck has discussed this |
problem (1972, p.72).

It is noteworthy that ‘the type material of long established Icriodus
species is invariably poor. Suffice it to say that the holotype of
13 nodosus was broken aborally and is now lost, the three illustrated
co-types of I. alternatus have abraded aboral margins (Ethington 1965,p.573),
and the syntypes of I. curvatus are also incomplete aborally (Glenister &
KLapper 1966.'p.805). As a consequence, different authors have variously
placed I. nodosus and I. expansus, and I, symmctricus and I, curvatus in
synonomy (see separate discussions), Furthermore, the different growth
stages of the same form are often very different in.appearance and undoubtedly
insufficient ontogenetic knowledge has resulted in many misidentifications.
and dubious new species, Icridus cymbiformis is a form whick continues to
appear in the literature though Bischoff & Ziegler (1957, p.62) considered
the concept to embrace juvenile specimens of various species. Schumacher
(1971, fig. 18, p.96) considered such forms to be young growth stages of
I, alternatus though it is recorded in profusion from much lower levels
(e.g. Orr 1972;\p.33). Such forms as I. incrassatus, I. spicatus, and
13 parvus described by Youngquist and Peterson (1047) are typical of species
of doubtful validity, based on somewhat unusual (?pathological) characters,

Intergradation between Icriodus form species is common. The literature
is full of records of "morphologically intermediate specimens" and different
authors have felt it necessary to remark on the distinctions between various,.
not necessarily the same, forms. In the ensuing morass of taxonomic confusion,
one finds it difficult to make dogmatic designations. Cf course, it is far
more difficult with the quality of the Plymouth icriodid material which
rarely have complete aboral margins.
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- As discussed under conodont biofacies, it seems likely that the nature
of Ic¢riodus-bearing animal was such that the elements may demonstrate more
plasticity than most other conodonts. Thus, a form taxonomic approach may.
be even more artificial in its application to Icriodus, Nevertheless, it
rust be of some value to distinguish morphotypes since some degree of
biostratigraphic integrity clearly does exist. ' '

Bultynck (1970, p.101-2) has listed five principal diagnostic characters
for from-species differentiation, namely:= | :

1. Form of the basal cavity, especially the posterior part
2. Presence and number of lateral processes
3. Platform outline (oral plan)
4, Denticle shape, and relative position of the median and lateral
denticles
5. Form of blade

Bultynck noted that characters 4 and 5 varied during ontogeny, viz. isolated,
round and pointed denticles in young forms, and fused, oval and blunt denticles
in la}ge, adult and sessile specimens. ' '

Latericrescids (Muller 1962), that is icriodids with one or more lateral
processes (character 2), do not form part of this study, though this character
(2) provides the clearest distinction between forms,

The form of the basal cavity (1) has perhaps provided the most important
basis for distinction more recently. Bultynck (1970) erected several new
forms in which this character was of paramount importance in differentiation.
As mentioned, the lack of total aboral preservation in the Plymouth icriodids,
excludes a thorough appraisal of the material. This is particularly true
with respect to the distinction between 1. expansus and I. nodosus (see
remarks under former), but also between the different elements of the
Icriodus assemblages, as described by Bultynck 1972, The latter author,
considered several forms of similar oral configu}ations but differing aboral
outlines to be associated within scme assemblages, hence the oral characters
provide the most constant plan (e.g. the I. corniger associatiens),

The platform outline (3) seems to provide a fairly constant feature
within some species, but is still a highly variable character within scme
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single populations.  The form of the blade (s) has gained favour in many
recent works, this character forming the distinguishing feature betvieen a
number of species.

The intergradation of form-species is in denticulation (I.expansus -
1. retrodepressus),form of b]adé‘(13 reqularicrescens < 15 obliquimarginatus),
(I, alternatus - I. cornutus), denticle alignment (I, costatus - I. cornutus),
basal outline (1. expansus - I. nodosus) et al.

In the following study, the Middle and Upper Devonian icriodids are
treated separately since they differ quite appreciably and the lack of forms.
from around the boundary also separates them naturally, no clear phylogeny
being -apparent, '

A number of forms recognised in the Belgian Couvinian are included
but in addition a number of new forms cccur, though nowhere in aburdant numbers,
so it is considered premature to formally introduce them; further collecting
may well produce stratigraphically useful results. The North American Middle
Devonian is quite different in a number of respects as regards the Icricdus
successions, the abundance of I, latericrescens latericrescens being particularly -
notable (see Zonation review). However, the occurrence of the 1. retrodepressus
- I. expansus association in Michigan at comparable Tevels to the Belgian
counterparts (Bultynck 1975, personal communication) indicates the
stratigrephical value of Icriodus.

In the following descriptions, the terminology introduced by Bultynck
(1972, p.74) has been followed.

Icriodus corniger WITTEKINDT
Plate 1,cf. figs.3,4; P1.2, fig.1,cf.2,3,8

* 1965 Icriodus corniger n.sp. - WITTEKINDT, p.629, pl.1, figs 9-12..
1967 Icriodus nodosus (HUDDLE) - WIRTH, p.218, pl.20, fig. 24,
« 1967 Icriodus cf. I. corniger WITTEKINDT - van ADRICHEM BOCGAERT, p.180,

o —

pl. 1, figs. 5,6.
+ 1967 Icriodus corniger WITTEKINDT - van ADRICHEM BOOGAERT, p.180, pl.l,
figs. 7,8. '
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non 1969 ICP10dJS corniger WITTEKINDT -~ CARLS & GANDL, p.187, pl1.17, f1gs.
ig. 1 (fig. 22, fig. 1 =1, rect1rostratus)
1969 Icr1odus aff I. corniger WITTEKINDT CARLS & GANDL, p.187, p1;18,
figs. 3,4 (on]')
. 1969 Icriodus corniger WITTEKINDT - PEDDER, JACKSON & ELLENOR, p.271,
: pi. 17, figs. 1,2.

. 1970 Icriodus corniger WITTEKINDT - BULTYNCK, p.103, p] 1, fig, 8;
pl. 2, figs, 1-6, 8-10 (non fig, 7 - I. retrodepressus), '

. 1972 Icriodus nodosus (HUDDLE) - MCGREGOR & UYENO, pl. 5, figs. 33-5
{"form approaching I. corniger").

Diagnosis: Icriodid characterised by a di stinct posterio-lateral fringe on
the outer side. There is an anterior directed spur on the inner side. The
platform is broad and flat and the axis curved, The growth point is usually
differentiated from the middle platform,  Transverse and longitudinal
bridges are commonly developed, connecting round denticles of equal size. The

laterals and medians may or may not be alignated. The blade is composed of
two or three, often fused, denticles.

Remarks: The concept of Icriodus corniger has been given a broad meaning
since Wittekindt first descrited it from the Callersbach Limestone in Germany.
The types demonstrate an oral configuration of rounded median and lateral
denticles which are subparallel and joined by ridges.

Bultynck (1972, p.76-8) recogniséd three Icriodus assemblages which
involved a distinct morphotype of 1. corniger, each with a characteristic
stratigraphical range which thus gives a certain degree of refinement to the
corniger Zone sensu Wittekindt (1965,taf..1, p.627). Bultynck recognised
an assemblage involving I. aff. corniger, I. fusiformis, and I. rectirostratus
a second involving I. corniger, I. aff, fusiformis and I. rectirostratus and .
a third composed of I. corniger, I. curvirostratus and I. introlevatus.

The first morphotype, 1. aff. corniger, has a broad, flat, biconvex
platform, with a slightly curwd axis. The growth point is slightly delimited
from the middle platform which bears six to fifteen well-aligned denticles
connected by strong transverse and longitudinal ridges; the blade itself
bears transverse ridges. Aborally the gully to bowl expansion is broad.

The second morphotype differs from the first in the lack of biconvexity, ‘
the greater differentiation of the growth point, the fewer number of denticles in
the middle platform (S six ), the weaker development of connecting ridges
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‘and the relative simplicity of the blade.

A third morphotype is characterised by a concavo-convex, curved platform

with a clearly differentiated growth point, four to five discrete denticles in
the middle platform, and medians which are slightly displaced towards the
anterior tip.

In the Plymouth material, several specimens have the characteristic
posterior-lateral expansion, best seen in aboral view, though some are
incomplete. '

The specimen illustrated on pl, 2, fig. 1 corresponds closely to the
third morphotype of Bultynck, though it has a longer and somewhat more.sinuous
blade than is typical, a feature of the specimens figures on pl. 2, figs. 2,3
and 8 (which have incomplete aboral outlines) also.

A sinuous blade ("a short but pronounced lateral flexture®) was a
diagnostic character of 1. postiflexus BRANSON & MEHL (1934, p.163, p1.26,
figs. 10-13), but appears to be a feature of several otherwise very different
species (see I.n.csp. a). ' ’ Co

The anteriormost denticle of the blade in these small forms is broken,
but would appear to be the largest and to lie higher than the others,as is true
for some (larger) associated specimens (e.g. pl.1, figs. 1,3,4,6), though not
all (e.g. pl. 1, figs. 7,8). '

Considering the whole population, the smaller specimens are characterised
by more biconvex platforms, though the anterior tips and the main axis is curved.
The larger are more concavo-convex, Transverse bridges are variably developed
but are stronger in large specimens, which similarly have more transversely
elongate Tlateral denticles. A1l the specimens have well differentiated

growth points.,

Icriodus retrodeprossus is present in the same fauna as the above forms,
The specimen illustrated on pl. 1, fig. 5, is typical in having strongly
expanded posterior laterals and suppression of the posterior medians, These
characters, supplemented by high posterior blade denticles, transverse bridge
aevelopment and a biconvex platform serve to differentiate the form from the
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_ third morphotype of I. corniger. The illustrated specimen of I. retrodepressus
differs from the types in not having a strongly biconvex platform outline.
As mentioned, high posterior blade denticles and transverse ridge development

is also a character of associated forms.

Because of the poor preservation of the aboral surfaces, on which firm
identification of I. introlovatus and I. curvirostratus must be based, it is .
not possible to be sure that Bultynck's assemblage is represented here.

The oral configuration of the specimen illustrated on plate 1, fig. 6 is
similar to I. introlevatus and I, curv1rostratus (e. g. Bultynck 1970, pl.4)
as is the aboral outline of f1g 7, plate 1 A study of topotype material
of the I. corniger-I. curvirostratus - I. introlevatus assemblage. shows that

there is some variation in-transverse br1dge development, and the overall
assemblage . resembles the Plymouth asscciation to a degree which warrants some
acknowledgement here, though it is premature to be certain of any natural '
association, ' ‘

Furthermore, Bultynck (1972, fig. 17, p.84) considered the 1. retrodepressus

- 1. expansus intergrading couple to have originated from his third I. corniger
assemblage. In the characters mentioned, the majority of these Plymouth forms
would appear to be transiticnal, Consequently all those forms other than .
those which have the essential characters of I, retrodepressus (i.e. pl.1, fig.5)
are kept together under the designation I. aff. (I. corniger - I. curvirostratus-
1. introlevatus assemblage). |

Occurrence: Sample MR23, Durness Point, near Plymouth,

In Germany, I. corniger is recrded from near the base of the corniger Zone -

to within the bidentatus Zone (Ziegler 1971, chart-2). In Belgium, the first
morphotype, I. aff. I. corniger is confined to levels below the base, the second
and third morphotypes (with their re gective associates) appear at and above

the base of the Zone, respectively, The first is confined to Coy,, the second
ranges from the base of Co]b to within CoZb (Bultynck 1972, p.76, 78). See
also Devonian conodont zonations.
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Icriodus expansus BRANSON & MEHL sensu lato

1934 Icriodus expansus n.sp. (nomen nudum) - BRANSON & MEHL, -p.225.
* 1938 Icriodus expansus n.sp. BRANSON & MEHL, p.160-1, pl.26, fig,18-21,

1938 Icriodus expansus BRANSQN & MEHL - STAUFFER, 1938, p.43C, pl1.52
?T§§T‘T?;TZ€TG?T§;20,25,33,35. T ’ '

1938 Icriodus arkonensis n.sp. - STAUFFER , p. 429, pl. 52, figs.70,15.

1940 Itriddus,expansus BRANSON & MEHL - STAUFFER, p.425, p1.60, figs. 40
47,48 (only),

1947 Icriodus expansus BRANS(N & MEKL -'YOUNGQUIST & PETERSON, p.246-7,
pl1.37, figs. 5-7 (non figs. 10,20 = I. nodosus s.1.). '

1947 Icriodus iowaensis n.sp.- YOUNGQUIST & PETERSON, p. 247, pl. 37,
fig. 22-4, 2/-9.

1950 Icriodus alternatus BRANSON & MEHL - DOWNS & YOUNGQUIST, p.669,
- pl. 87, figs. 8,11,12.

1956 Icriodus expansus BRANSON & MEHL - STEWART & SWEET, p.267-8, p1.33,
figs. 1,9,13 (non fig, 3, = I, nodosus s.1., fig. 12,14 = 1, corniger).

non1966 Icriodus expansus BRANSON & MEHL - CLARK & ETHINGTON, p.680, pl. 83
' fig. 9.

non1967 Icriodus expansus BRANSQN & MEHL _ WIRTH, p.215-€, p1.20, figs.20,21.

1970 Icriodus expansus BRANSON & MEHL - SEDDON (a); p.736, pl. 11, fig.30-32
pT, 12, figs. 1,2 _ t

1970 Icriodus expansus BRANSON & MEHL - BULTYNCK, p.105-6, pl. 6, figs.
3-5,7, 8, 10 {non figs. 6,9 - 1. nodosus s.1.),

1972 Icriodus expansus BRANSQN & MEHL - ORR, p.34, pl. 3, figs. 14-17.
1974 Icriodus expansus BRANSON & MEHL - UYEMO, p.30, pl.6, figs. 1,2,5.

non1967 Icriodus expansus BRANSON & MEHL - CLARK & ETHINGTOM, p.39, pl.3, '
Tig. 2 (= I. cornutus), | . '

Description: Icriodid with a biconvex platform being broadest at mid-length

and tapering to sharp anterior and posterior ends. The axis is straight to

very slightly incurved near the anterior end. The growth point is in the

1ine of the main axis and consists of about two denticles series, the |
. laterals appearing together, |

The middle platform bears three rows of about six denticles. The
medians are discrete, round-tipped to slightly pointed, and of uniform size;
Anteriorly they are round in cross section but posteriorly they tend to become
laterally compressed. The medians also tend to be higher than the laterals
which are also discrete and blunt to slightly pointed. In plan, the laterals
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4are transversely oval to elongate elliptical, and are broadest at the platform
midlength; transverse bridges may be developed.  The median denticles are
displaced anteriorly with respaect to the laterals,

The blade is composed of about two denticles, partially fused and inclined
posteriorly, so as to project beyond the basal cavity.

The aboral configuration is marked by a gully and bowl of comparable length,
The expansion is quite broad and though it is abrupt on the inner side, a spur

is not developed. The ‘posterior edge is evenly rounded,

Discussion: (see later).

Icriodus nodosus (HUDDLE) sensu lato

* 1934 Gondolella ? nodosa n.sp. - HUCDLE, p.94, pl1.8, figs. 24,25,
1938 Icriodus nodosts (HUDDLE) - DRANSON & MEHL, p.160, pl. 26, figs.14-17,22,

1947 Icriodus expansus BRANSON & MEHL - YOUNGQUIST & PETERSON, pl. 37, .
figs. 10,20 (only),

1950 Icriodus rodosus (”UDbLE) - DOWNS & YOUNCQUIST, p.670, pl. 87
Figs. 17,18,21,22.

1956 Icriodus nodosus (HUDDLE) -STEWART & SWEET, p.269, pl. 33, fig.10{only),
1956 Icriodus nodosus (HUDDLE) - ZIEGLER, p.102, pl. 6, figs. 18-21,
1956 Icriodus expansus BRANSOM & MEHL - STEWART & SWEET, p1.33, fig, 3{only).

1957 Icriodus nodosus (HUDOLE) - BISCHOFF & ZIEGLER, p.62, pl. 6, figs.2,3,5;
pl. 19, figs, 1-5.

1957 ;gr10d¥s4symmetrwcus BRANSOM & MEHL - BISCHOFF & ZIEGLER, p. 64, pl,6,
igs. 1,4.
non1967 Icriodus nodosus (HUDDLE) - NEHRING, p.131-2, pl.3, fig.2(=I. a]ternatﬁs);
"non1967 Icriodus nodosus (HUDDLE) - WIRTH p.218, pl1.20, fig.24 (= I. corniger).
1970 Icriodus expansus BPANSOMN & MEHL - BULTYNCK, pl1.6, figs.6,9 (only).
1970 Icriodus rodosus (HUDDLE) - SEDDON(b), p.27, pl1.7, figs. 4,6.
. 1971 Icriodus nodosus (HUDOLE) s.1. - SCULCZEWSKI, p.22-3,\p1.7. fig.l.
1971 Icriodus nodosus (HUDDLE) = SCHUMACHER(b), p. 93-5, pl.9, figs.1-29,
1972 Icriodus nodosus (HUDDLE) - ORR, p.38, pl. 2, figs. 20-23.
. 1974 Icriodus nodosus (HUDDLE) s.1. - UYENO, p.30, pl.6, figs. 4,10,
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The Icriodus expansus - Icriodus nodosus plexus

Discussion: Branson & Mehl introduced their genotype in 1934, but it was not
until 1938 that they described and figured the form;no lateral view was included,
~ The above description is based dn these. Huddle described Gendodella (?)

rodosa in 1934 but the only illustration is an oral view., The former authors
included an additional description of Icriodus nodosus and included an oral

and aboral view of Huddle's holotype, which is now lost,

. .

The types of‘Icriodus exbansus'and Icriodus nodosus figured by Branson
and Mehl differ in the relative length and breadth, in the platform outline and -
in the aboral configuration, i.e 1. expansus has a shorter, more biconvex
platform and Tacks a spur development. The holotype of I. nodosus was broken
aborally and Huddle's description includes no reference to a spur,but subsequent
authors have followed Branson & Mehl's lead in this respect,

However, it is clear from the literature that a spur development is variable
in otherwise similar forms and thus I. expansus and I. nddoéus appear to be
end members of an intergradational series (e.g. Stewart & Sweet 1956, p 269;
Muller and Clark 1967, p. 914; Orr 1972, P 39). “

The studied material from Plymouth includes numerous forms which conform
to a generalised concept of I. expansus - I. nodosus, Aboral outlines are
rarely intact and prevent a full assessment of the variability of this
character, However, it is clear fran detailed study (greatly facilitated
by the stereoscan) that Middle and Upper Devonian representatives are at
least different in other respects and can be separated on the basis of.a
number of characters; furthermore there appears to be distinct differences
between Lower and Upper Middle Devonian forms., Branson & Mehl designated
two syntypes of I. expansus, both from the Middle Devonian Mineola Limestone
of Missouri (1938, p1.26, figs. 18,19); they also recorded the form from
Upper Devonian strata,  Huddle's holotype and Branson & Mehl's hypotypes of
I. nodosus came from Upper Devonian levels and the latter authors did not
record it from older rocks (1938, p.156, table). |

The author considers that a revision of the group involving eanalysis of
topotype material may confirm at least some of the observations enumerated
below and result in a stratigraphically useful refinement of the group,
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Until such time as this is done, and in view of the generally poor aboral
~ surfaces, the Plymouth material is here considered under a generalised
I, expansus - I. nodosus group. Time will tell whether forms grouped
according to the overall plan and the oral denticulation are meaningful.

In the literature there is a great deal of difference in forms brought
together on the basis of their biconvex platforms, transversely elongated lateral
nodes and characteristic basal outlines. Some such variation may stem from
ecological differences (:see Conodont Biofacies)and there is certainly a good
deal of morphological change during ontogeny, not to mention the possible ’
vicarious nature of some, Consequently the separate synonomy lists should be
considered as possibly embracing different forms; for this reason the suffix
sensu lato has been used, |

Seddon (1970 (a), p.737, fig. 7) noted the existence of "at least three
variants" of I. nodosus - an Eifelian form (= I. corniger), a Givetian and
a Frasnian form, This is perhaps an over-simplification of the situation,
but such differences clearly do exist. Bultynck (1970, p.106-7) recognised an
Icriodus nodosus group, noting that the spur is not only typical for a specie§
but for a group. He distinguished four subspecies: I, nodosus rectirostratus,
I.n.curvirostratus, I.n.subsp. a, and I.n,subsp.b, Subsequently, Bultynck
(1972, p.77) raised the former two to form specific status since he felt that .
I. nodosus was typically an Upper Devonian species. Though he considered
that'the trends on the upper and lower surface were "partially" different,

he did not elaborate on this view.'

1. jowaensis YOUNGQUIST & PETERSON was originally described from the
Sheffield Formation of lowa. The types differ from I. expansus only in the
greater, and sometimes, complete fusion of the laterals and medians, It
should be appreciated that all the types are large and in fact exhibit this
feature increasingly with growth, whereas thos forms designated I, expansus
are invariably smaller. Anderson 1966 maintained this species though the
criticism may be equally applicable to his fauna.
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Icriodus expansus - Icriodus nodosus group

Description: Icriodids with generally biconvex platforms. " The axis may be
straight, inwardly curved at the anterior end or less commonly evenly curved
throughouf. The median denticles tend to be round and those of the lateral
rows oval and transversely elongate; longitudinal bridges are only rarely
developed and never conspicious; transverse bridges are common and often
strong.‘ The blade is relatively short and the posterior border is often
inclined posteriorly. The aboral expansion is one third to one half the total
length, rounded on the outer side, with or without a spur on the inner side
and the psterior edge is straight.

Remarks: The following variation has been noted.

Early Middle Devonian - the growth point is well differentiated and the
denticles are not in line with those of the middie platform. The piatform
is strongly biconvex and the axis more commonly straight. Transverse
bridges are strongly developed and the denticles of the growth point are
often completely fused by them, Lateral denticles strongly elongate
transversely, and frequently joined to fhe medians,  The blade s
frequently composed of two denticles fused so as to form a large robust
"cusp".  The bowl is equal to about cne third total unit length.

Late Middle Cevonian - the growth point is not strongly differentiated from
the middle platform, and the median row can be traced to nearer the anterior
tip. The platform is often strongly biconvex but does not taper so rapidly
away from the broadest (mid) point. Transverse bridges are commonly
developed but tend to be strongest posteriorly and disappear anteriorward.
A gradaticnal series is recognised (in oral v1ew) from vell aligned to (sub)
alternate denticles (see on).

Upper Devonian - the character of the growth point and its relationship to the

middle platform is similar to Late Middle Devonian representatives, though
generally the two are even less differentiated. The n]atform outline

tends to be only weakly biconvex and is more commonly plano-convex or concavo-
convex, The units are relatively elongate and narrow, and the denticulation
is of a less "coarse" aspect in specimens of comparable size. Transverse
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ridges are not so commonly developed but are generally more constant

when they are.  Similarly,-the tendency for variation in denticle

alignment within a single unit is not as pronounced in the studied material,
indeed the extfeme of near alternation of the denticles has been rarely observed,
The horn-like cusp of Middle Devonian forms has not been observed, rather

they have a somewhat shorter blade of equal height and are composed of two
fairly descrete denticles. The bowl is usually at least one half the total
'unit length. | |

. Thus,:these trends appear to involve a lessening in growth point
differentiation, longitudinal growfh rather than transverse elongation, the
loss of a distinct horn-like, strongly inclined blade, greater uniformity in
platform denticulation and (possibly) relatively greater aboral expansion.
Overall, there appears to be a trend toward greater uniformity of the total
oral surface,

In the Lowest Middle Devonian, Icriodus expansus in involved in an
inter-gradational series with 1. retrodenressus according to Bultynck
(1972, p.80) who has suggested the two form species belong together in an
assemblage., Material from these levels does not form a large part of this ‘
study so it may be premature to judge the truth of such an hypothesis.

(See I. retrodepressus),

Within the Plymouth Limestone, high Eifelian and low Givetian levels
have producéd a large number of forms corresponding to a generalised
concept of I. expansus - I. nodosus. Three distinct forms are here
described as morphotypes 1,2 and 3 pending the collection of more, aborally
complete, material and the clarificarion of the group taxonomy.

The Upper Devonian representatives are described separately (see on).

Morphotype 1
~Plate 2, figs.4, 6

Description: Platform biconvex, axis straight, broadest near midpoint, and

pointed at each end,  Growth point is well differentiated and composed of two
to three denticle series which are not in line with those of mid-platform.
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The middle platform bears three rows of five denticles., The medians ére
round in cross section, the central one being the largest and the others
decreasing in size (in both directions). The laterals are mostly oval

and transversely elongate and also are largest at platform mid-length, In
some specimens the two posterior most lateral denticles are distinctly
reduced in size. The median denticles are mostly slightly displaced
towards the anterior end. Transverse ridges are well developed in the
posterior platform, progressively less so anteriorward.. The blade is
composed of 2 - 3 partially fused denticles which are set higher than the
middle platform and sometimes bear a median crest. The posterior border is
inclined. The basal outline is unknown in detail.  The expansion is quite
broad and begins about, or in front of, unit midlength.. In one specimen an
" inner spur is indicated, S

Remarks:  This form differs from all others in the character of the high
.blade, . The blade of Icriodus retrodepressus may be similar but the development

pf the posterior laterals is quite the reverse.

Occurrence: Sample 39, Richmond Walk (Eifelian).

Morphotype 2 4 ,
Plate 4, figs. 1,2,4,5,8,10,11,12; P1.6, figs.1-6, 8-10

Deséription: Platform axis generally curved throughout or straight and
incurved at the anterior end. Platform cutline varies from biconvex to
concavo-convex, often the former posteriorly and the latter anteriorly.
Broadest point at the second or third lateral denticle from the posterior end,

Growth point fairly well differentiated and about two denticles long;
laterals appear together, Middle platforms bear 5 - 7 denticle rows.
The medians are round in cross section and of uniform size, except perhaps
the posteriormost one or two which may be slightly smaller., The laterals
are mostly oval in cross section, the posterior ones being more transversely
elongate than the anteriorward laterals. The latter become more rounded '
towards the anterior end of the platform, Concurrent with this is a decline
in the development of transverse bridaes and an increase in the degree of
lateral and median denticle alternation. The denticles approach alignment in
the posterior part of the platform, |
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The blade is relatively short, usually composed of two,mostly fused
denticles which form a strong "horn"-1like cusp which is often strongly
inclined posteriorly, The éusp lies in the same plane as the denticles
of the middle platform and does not rise above them.

_ On the aboral side, the expan§ion continues progressively from the
anterior end but broadens rapidly in the postefior third to half. Where
seen, the expansion appears to be symmetrical and the posterior edge
- straight; an 1inner spur is sometimes indicated.

Remarks: Included here are the majority of M. Devonian forms studied.

There appears to be a similar variation in both the individual elements and
within a single population. Thus in some forms, transverse bridges are

well developed throughout and the medians are only slightly dispTaced anterior-
ward with respect to the laterals (pl. 4, fig. 5). In others, transverse

. bridges are restricted to the posterior platform and the denticles(sub)alternate
(p1.4, fig. 12); other forms are intermediate (pl.4, fig. 10 - 11). The
p]atform outline appears to be somewhat independent of these variations; the
form of the blade is particularly constant.

Ontogenic development also seems to involve a similar variation.
Juvenile forms, included herein, are characterised by sharp, fairly discrete,
. round and alternating denticles throughout (pl. 6, figs. 10, 9). Large
(?gerontic) specimens are strongly biconvex, often asymmetrically so, and
have broad, blunt laterals and strong transverse bridges. Variation in the
degree of alignment persists throughout growth.

Morphotype 3
Plate 5, figs. 4,5,7,8,12.

Description: Platform biconvex, axis more or less straight except for the
posterior tip which may be turned inward. Growth point generally not well
differentiated, the medians being traceable to near the anterior tip.

The middle platfofm is broadest about mid-point and tapers slowly but
progressively to each,pointed,end. There are about 6 -7 denticle rows, mostly
well aligned throughout. Median denticles round, mostly larger centrally
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and perhaps showing some.lateral compress1on poster1or1y - low Tongitudinal
bridges may be developed.

The lateral denticles are oval and become increasingly e]ongaie
transversely during growth; trasverse bridges are developed throughout,
though they are more distinct posteriorly, The posteriormost laterals may
be somewhat reduced in common with the medians., |

The blade is composed of 2 - 4 partially fused denticles which do not
rise above the denticles of the middle platform.. The posterior border is

inclined poster1or1y. The aboral expansion is a little less than one half
of the total unit 1ength and apparently symmetrica]

Remarks: Included here are specimens from a sample from Cattedown (20) in’
which the icriodids are fairly uniform and demonstrate a similar form in

various growth stages, particularly in platform outline and denticle alignment
(p]ate 5, figs. 4,7,12). The extremes of denticle alternation as seen in the
popu]atiohs of morphotype 2 have not been observed. The posterior reduction in
the size of the lateral denticles is also a constant feature, and in this
respect they are similar to morphotype 1. The blade, phough fused, does not
have the "horn"-like character of morphotype 2, and it is often longer than

the latter.

Occurrence: Samples 20, Cattedown; 44/3 Teat's Hil Quarry. Coxside;
NP 15, Neal Point,

Icriodus fusiformis CARLS & GANDL
Cf. P]ate ]’ figo 20

1969 Icriodus fusiformis n;sp. - CARLS & GANCL, p. 186-7, pl.17, fig.17-19.
1972 1Icriodus fusiformis - CARLS & GANDLE - BULTYNCK, p.76-7, figs. 6A, 7A.

Remarks: Bultynck (1972, p.76-7) distinguished I. fusiformis and l,laff.
fusiformis, two forms which were associated in different assemblages with the
I, corniger group. A single specimen from calcareous shales south of

Durness Point corresponds to I, aff, I. fusiformis in its oral configuration,
though the aboral outline is not preserved., It shares the oral characteristics
of the second morphotype of 1. corniger of Bultynck (see I. corniger).
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Occurrence: Sample JB 19, South of Durness Point.
In Belgium, I. aff. I. fusiformis is found in zone Co,,.

Icriodus obliquimarainatus BISCHOFF & ZIEGLER
Plate 3, figs.lO aff. 7

* 1957 Icriodus ob]1qu1magg1natus n. sp. - BISCHOFF & ZIEGLER,
" p. 62, pl. 6, fig., 14. ,

. 1965 Icriodus ob11qu1mara1natus BISCHOFF & ZIEGLER - UITTEKINDT
p. 630, pl. 1, fig. {3.

. 1970 Icriodus ob119u1marg1natus BISCHOFF & ZIEGLER - BULTYNCK
p. 109-10, pl. 8, figs. 1,3,5. ‘
1970 Icriodus regularicrescens n.sp. - BULTYNCK,’pl;’S. fig. 6 (only).
1972 Icriodus obliouimarginatus BISCHOFF & ZIEGLER - BULTYNCK,p.81, fig,13.

Diagnosis: Icriodid characterised by a b]adé which is c1early'higher than the
rest of the unit in profile, and which forms a convex crest. The posterior
border is clearly inclined backwards., ‘

Description: see Bultynck 1972 (p.181).

Remarks: This is a quite distinctive form in its typical development though
it grades mbrphologica]ly into 1. reqularicrescens which it succeeds
stratigraphically, and into I. eslaensis which replaces it in the higher
Givetian., Typical is the high posterior blade and inclined border. An
additional characteristic is the tendency for the intercalation of smaller

denticles in the‘median row,

Bultynck (1972, p.181) distinguished I, aff., I. obliquimarginatus
which was characterised by a broader platform, by more denticles in the
middle platform, by a shorter blade and by a more abrupt gully-bowl
transition aborally with a prominent spur develcpment on the inner side.
The specimen figures on pl, 3, fig. 7 seem to be nearer this form.

Occurrence: Sample 20, Gasworks Quarry, Cattedown; 44/3 (aff.) Teat's
Hi1l Quarry, Coxside.
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.In Germany, I. ob]iduimarginatus is found in the zone of that name'and

also in the varcus Zone (Wittekindt 1965, tbl. 1, p.627)
In Belgium, it is found in zones Gi, and Gij.

Icriodus reqularicrescens BULTYNCK
Plate 3, figs. 1-6, 8, 9.

1965 Icriodus n.sp. - BULTYNCK, p. 370-1, .- fig. 1,

1967 Icriodus n.sp. - BULTYNCK, p. 426. ;

1970 Icriodus reqularicrescens fi.sp. BULTYNCK,p. 111-2, pl. 7, figs. 1-7;
pl. 8, figs. 2,4,7,8. .

1972 Icriodus regularicrescens BULTYNCK - BULTYNCK, p. 80-1, fig. 12.

Diagnosis: Relatively long, slender icriodid with pointed anterior and
posterior extremities and a large,regularly crescentic outer basal expansion.

Description: See Bultynck 1970 (p.111-2) and also Bultynck 1972 (p.80-1).‘

Remarks: The Plymouth material includes specimené vhich demonstrate
variation in the degree of 'alignment of the median and lateral rows, in
the development of transverse bridges, and in the reqularity of the -
dehticu]atibn (unpaired laterals and intercalated medians occur), Furthermore
although aboral surfaces are rarely intact, there certainly appears to be
some variation in this character. For example, the specimen illustrated

on pl. 4, fig. 7 shows a tendency towards l,A orniger in the development

of a slightly posterior lateral projection which may suagest an origin

for the form; Bultynck 1972 (fig. 17, p.84) did not relate it arcestrally,
Some specimens (pl. 4, figs. 5,9) show transitional tendencies toward

1. obliquimarginatus in the relative height and'convexity of their blades
and in the inclination of their posterior borders, but are retained here

on the basis of their other characters. Bultynck (1970, p.112) considered
the possibility that I, obliquimarginatus developed from this form,

Occurrence: Sample 44 (2), 44 (3), Teat's Hill Quarry, Coxside,
In Belgium, Bultynck records the range of 13 recularicrescens from the upper
part of CoZCto Just into Gia.
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“Icriodus retrodepréssus  BULTYNCK
- Plate 1, fig. 5.

* 1970 Icriodus retrodepressus n.sp., - BULTYNCK, p.110-1, p1.30 figs.1-6.
. 1970 Icriodus corniger WITTEKINDT - BULTYNCK, pl.2, fig. 7 (only).
. 1972 Icriodus retrodepressus BULTYNCK - BULTYNCK, p.80, fig., 10 A,B,F,

Diagnosis: Icriodid characterised by a convex platform bearing well aligned
laterals and median denticlés, the latter tending to become completely
suppressed posteriorly where they 1ie in a central depression. The
posterior (mosf) denticles of the (outer) lateral rows generally show a
strong lateral development. The blade is represented by a completely fused
"horn" which bears a median crest and increasés rapidly in height posterierly,
in which direction it is strongly inclined. 'The aboral side is characterised
by an expansion in the posterior one third of the unit, which is rounded on
the outer side and is marked by a spur on the inner side.

Description: For full description, see Bultynck 1970, p.110-1,

Remarks: 1. retrodepressus differs from I. expansus, with which it forms

an intergradational series according to Bultynck (1972, p.80) in the

lateral déve1opment of the posterior denticles of the (usually outer)

lateral rows. According to Eultynck, the median depression of the posterior
middle platform is sometimes seen in I, expansus, though not in its extreme
form, Forms which are more strongly biconvex and more reduced mediél]y

than the figured specimen have been found, but I. expansus has not been

found in association.

The form is quite distinctiwe though in the sometimes oblique nature’
of the posterior border it may approach I. corniger. The latter, however,
does not have the posterior median depression nor, in typical forms, a
cusp-like blade, Furthermore, I. corniger from comparable levels in the
Belgian Couvinian have rounded lateral denticles and there are no prominent
transverse ridges (but see under I. corniger), For these reasons, the
specimen i1lustrated by Bultynck (1970, p] 2, fig. 7) is considered to be
better assigned to I. retrodepressus.

See also under I. corniger,
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Occurrence: Sample MB 23, Durness Point. In Belgium, the form is known
from the middle part of the c ornlger Zone, ‘i.e, top of Co] - lower part of
Zone Co2b :

. Icriodus n.sp. a
Plate 2, figs.5,7,9,10.

Description: Long, relatively slim icriodid with subparallel margins and a
straight axis. The growth point is variable, but generally well
differentiated from the middle platform; the laterals may or may not

appear together, The middle platform bears 3 - 5 denticle rows., The’
medians are equal in size, laterally compressed and connected by low
Tongitudinal bridges. The laterals are oval in cross section and,

especially in larger specimens, strongly elongate transversely. The

lateral denticles are of a comparable size throughout the unit and in some
specimens exhibit extreme irregularity, being unpaired and developed

further posteriorly on the outer side and sometimes appearing on the side of
"blade" (e.g. plate 2, figs. 5,9). The medians -and laterals are subalternate
and joined by transverse ridges (also irreqular sometimes).

The blade is long, up to nearly one half of the unit length, and bears
5 - 7 denticles, mostly fused and increasing in height to the posterior end.
The posteriormost blade denticle is the highest and largest, and the
posterior border is upright, inclined or distinctly concavo-convex
(e.g. plate 2, fig. 5). In oral view the blade may show a distinct
sinuosity, the posterior tip being turned outward.

Aborally, the gully and bowl appear to be of equal length, and the
expansion is apparently symmetrical,

Remarks: The specimen illustrated on pl. 2, fig. 5 is remarkably
similar in profile to the "small form" of I. culicellus figured by
Bultynck (e.g. 1972, fig. 3C) particularly with respect to the large
posteriormost “cusp". It di ffers from this latter, Lower Couvinian, form,
in possessing strong transverse bridges connecting subalternate denticles,
a blade which is not laterally compressed, and a growth point which may be
clearly differentiated from the middle platform; it is also much longer

and narrower, Furthermore the blade axis {is sinuous, very similar in fact
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to those specimens of Icriodus corniger illustrated on pl., 2, figs. 1-3,

In the suppression of the lateral denticles, the (only) two specimens

from sample PS4 (plate 2, figs. 5,9) are identical though the profile

of the blade of the smaller specimen reminds one rather of I. obliauimarginatus.

pl. 2, fig; 7 illustrates yet another unique specimen, This has a similar
blade profile to fig. 5, thoudh it displays a unique transverse bridge
arrangement, clearly exaggerated by deformation, but apparently connecting
the same median row denticles to 2 laterals. . |

Each of the four specimens included together here differ 1in some
respect, but in the absence of more material it seems impractical to
separate them,

_ Wirth 1967 (p1.20, figs. 18,19) illustrated two specimens of

"I. cymbiformis" which are similar in some respects,

Occurrence: Samples PS3 and PS4, Plymouth Power Station, Princerock Quarry.

Icriodus n.sp., ¢
Plate 6, fig. 11

Descfiption: Very long, slim icriodid. Axis straight, margins subparallel,
Growth point two denticles long, not well differentiated from the mid-
platform. The middle platform bears seven rows of denticles. The medians
are of equal size, laterally compressed and joined by longitudinal bridges.
The laterals are larger, of equal size, round in cross section, and joined
to the medians by low transverse bridjes. The alignment is qood in the
posterior two rows, thereafter the medians become brogressively displaced
anteriorward.

The blade is composed of four mostly fused denticles which are not
higher than the platform denticles. The posteriormost denticle is more
discrete than the others and is inclined backward. * Gully and bowl of
equal length., Outline of expansion incomplete, but apparently subquadrate;
posterior edge straight. '

Remarks: This unique specimen is unlike any other from Plymouth, or as
appears in the literature, It is also thought to be the youngest Middle
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Devonian' icriodid ketrieved. Further collecting from comparable levels
may prove its value,

Occurrence: Sample 50, Coxside. Late Givetian (?).

Teriodus sp. a
Plate 4, fig.3

Description: Slim, biconvex platform, axis more or less straight; Growth
point as long as the middle p]atforn1and clearly differentiated from it,

The former is composed of five denticle series which are not fn prolongation
of those of the middle platform. The latter consists of five rounded medians
and .five round to oval laterals. Transverse bridges small and restricted to
the posterior platform. Blade composed of two fused denticles which do not
rise above the level of the middle platform. Posterior border slightly

. inclined.  Bowl about half the length of the gully.  -Aboral outline unknown,

Remarks: This unique specimen differs from all others studied in the
strongly differentiated growth point. It shows some affinities to the -
Icriodus expansus-nodosus group.

Occurrence: 'Sample 10, Princerock Quarry.

Icriodus. ,n.sp. -a-sensu BULTYNCK
cf. Plate 4, fig. 9

1972 * Icriodus n.sp.a - BULTYNCK, p.83, figs. 16A-E.

Description: Short, biconvex platform pointed at both ends. Axis straight,
Denticles round in cross-section, discrete, of gqua1 size and subalternate.
Blade composed of two fused denticles, strongly inclined posteriorly. = Bowl
longer than gully. Aboral expansion broad but outline unknown.

Remarks: This unique specimen resembles Icriodus n.sp.a. BULTYNCK 1972
whi;h was recorded from the zone Gib in Belgium.

Occurrence: Sample 16, Gasworks Quarry, Cattedown,
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Icriodus n.sp.b
‘Plate 5, figs.1-3,6,13 cf.9

Description: Slender icriodids with generally concavo-convex p1atforms.
The grewth point is not usually strongly delimited from the middle platform, :
though rarely it may be (fig. 6), and the median denticles can be traced . to
within one or two denticle series from the anterior tip. The middle
platform consists of 5 - 7 denticle series, the medians being displaced
slightly anteriorward., - The median denticles are round to elongate oval
Tongitudinally and may be' connected by Tow bridges. Lateral denticles

are round (anteriorly) to elongate transversely (posteriorly) and are often
connected to the medians by bridges, The blade is quite long, being |
composed of four partially fused denticles -which may rise slightly above the
level of the middle platform. The posterior border is upright or inclined.
Aborally, the expansion of the bowl appears to be about % fotaI unit length,

Pemarks: Forms included here differ from other icriodids with similar
platform developments (i.e. I.expansus - nodosus group) in the long blade
development, which is not particularly conspicuous in the same way'as |
those of I. obliguimarginatus and I. eslaensis are, |

Occurrence: NP 15, Neal Point ; 44 (3), Teat's Hill Quarry, Coxside.

Upper Devonian Icriodus from Plymouth

The U. Devonian icriodid studied come from strata ranging in age from
the Lower asymmetricus Zone to the triangularis/crepida Zones, though
continuous sequences are lacking from the whole of this interval. On the
whole, these faunas differ significantly from the Middle Devonian counterparts.
The only immediate point for comparison is the forms which belong to that
termed the I, expansus - I. nodosus group, but here too, the total fauna
differs in some notable respects (see M. Devonian Icriodus).

For reasons previously expounded, one is hesitant to ascribe specimens-
to established taxon, on the one hand because of the unspecified nature of
aboral configurations of the types of the latter and, on the other hand,
because of the invariably poor preservation of this character in the studied

material,
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Icriodu§ éff IT.alternatus
Plate 33, figs.1 7 11,12 |

aff.*1934 Icriodus alternatus n.sp.BRANSON & MEHL, p.225-€, p1.13, figs.4-6.
1938 Icriodus alternatus BRANSON & MEHL - BRAMSCN & MEHL  p.161,
. pl. 26, figs. 4-6. . - .
- 1938 Icriodus elegantulus n. sp. - STAUFFER, p.430, p1.52, figs, 26-7.
1959 Icriodus sp, - HESS (a), p1.50, fig. 2.
non 1964 Icriodus alternatus BRANSOM & MEHL - ORR, p.9, pl.2, figs.11,12
(= 1. aff. I. expansus). o
1965 Icriodus alternatus BRANSON & MEHL - ETHIhGTON, p. 573, pl.67,fig.8.
. . 1966 JIcriodus alternatus BRANSON & MEHL-ANDERSON,p.405,p1.52,figs.11,12.,
1966 Icriodus alternatus BRANSON & MEHL - GLEWISTER & KLAPPER, p.804.
. 1967 Icriodus nodosus (HUDDLE) - NEMRING, p.131-2, pl1.3 figs.1-2.
1967 Icriodus alternatus BRANSON & MEHL - WIRTH, pl1.20, figs. 15,16.
p. 1967 Icriodus alternatus BRASON & MEHL - WOLSKA,p.379-80,p1.2,fig.6(only).
.« 1967 Icriodus nodosus (HUDDLE)- V0..SKA,p.380-1,n1.2, figs. 1-3.
1970 Icriodus alternatus BRANSON & MEHL -SEDCON(a), p.743,n1.12,figs.3,4.
, 1971 Icriodus alternatus BRANSON & MEHL-SCHUMACHER,p,102,p1,13,fias,1-7,
o .-1971 Icriodus alternatus BRANSON & MEHL - SCULCZEHSKI, p.21, pl.7,fig.2.

Description: A typically slimicriodid with subparallel mid-platform margins
~and a straight to slightly curved long axis. The denticles are in all cases
small, discrete and pointed, those of the median rown, tending to be perfectly
- alternate posterior1y and subalternate anteriorly,

The denticles of the growth point are usually in prolongation of those
of the middle platform:the former is generally short and not well differentiated.

The middle platform bears 3 - 5 denticles in both the lateral and median
rows, The laterals appear together and are typically of equal size and
round in cross section, though, in some large, somewhat atypical specimens.
(e.q. p1.33; fig. 6), they are transversely elongate; occasionally they may
lie in from the margins and join across the midline (e.g. pl,33, fig. 7,11).
The medians are of a comparable size in smaller specimens though they are
often laterally compressed and oval in cross section, - In larger specimens
the tendency is for the medians to become strongly reduced,
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The blade is commbn]y composed of three denticles, the pdsteriprmost of vhich
is the largest (of all denticles).The latter is inclined backwards in such

a vay as to produce an arcuate posterior border (seen in side view) which is
exaggerated by the posterior basal flare extending beyond the denticle row.
Though larger, the blade denticles do not lie conspicuously higher than
those of the middle platform in-all specimens, due to the strong backward
incliration, This character is very exaggerated in the largest specimens
which have a fused hern-1ike blade. ) ‘

From the pointed anterlor end of the unit, the basa] cav1ty becomes
progress1ve1y and evenly enlarged on the outer side. In oral view, this flare
is seen to extend beyond the sides of the platform as far forward as the
beginning of the middle platform; its maximum width 1ies on a level with
the beginning of the blade. On the inner side, the exbansion is not always
3o pronounced initially and in some specimens is seen to turn abruptly at a
point near the last or penultimate platform denticle; the resulting spur is
directed somewhat anteriorly. The rounded posterior edge is flexed slightly
downward, though this is exaggerated by the strongly raised inner bowl edge
(e.g. p1.33, fig. 7).

Remarks: .The Plymouth specimens differ from the types of I, alternatus

in the form of the lateral denticles, the blade and the basal outline. Branson
& Mehl (1934,38) figured three views of three syntypes in which the lateral
denticles were "sqmewhat ridge-like with a slight diagonal trend back from
the median 1ine".  Such a development is not typical of the studied specimens,
nor of the majority of forms subsequently called I. alternatus. The same
applies with respect to the blade which {is only one denticle long in the
types compared with three in this material, as in others (e.g. Ethington 1965
p. 573; Schumacher 1971 b ,"p.102). In side view, Branson & Mehl's specimens
show the blade denticle to be slightly enlarged and slightly inclined
posteriorly, and the posterior end to be slightly arched downward, These
trends lead to I. cornutus SANNEMANN,  The Plymcuth material shows an
intermediate development of these characters mostly. ' However, the large
specimens have an extremely enlarged and inclined blade cusp, though the.
posterior end is rarely as strongly downarched as in Sannemann's types.

A main point of difference between these specimens and both I, alternatus

and I. cornutus 1is the basal outline, In I. cornutus, the basal cavity

is symmetrical and lachrymiform, and though the types of I, alternatus

are clearly broken aborally, an essentially similar basal outline
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appears in the subsequent literature, i.e. no spur development. . However,
Schumacher (1971 b , p. 102) has noted that the aboral outline of

I. alternatus shows gradations between circular forms and those with a

- spur development. No record of a similar variability exists for I. cornutus
though sdch does not seem unreasonable.  The Plymouth material may include
both extremes of aboral outline, though it is difficult to be sure,

Overall, it seems that the smaller specimens fall within the range of
variability of I. alternatus while the larger ones lie closer to I, cornutus.
It is considered improper to divide the specimens between these two simply |
on the basis of size, Glenister & Klapper (1966, p.805) thought that
I. alternatus may have gien rise to I. cornutus, - It seems reasonable to
suppose that these specimens, which occur in strata equivalent to the lowest
recorded range of 1. cornutus (Ziegler 1971, chart 5), are truly intermediate

between the two forms, ‘

Anderson 1966 (p.407) cons idered I. cornutus to be a junior synonym of
1. rectus YOUNGQUIST & PETERSON since topotype material of the latter shared
all the variations in the degree of denticle alignment from perfectly
alternate (= 1. cornutus) to nearly aligned, as in the types of 1, rectus.
Figures of the latter do not display clearly the diagnostic features of .
I. cornutus SANNEMANN, rather there may be grounds for placing I. rectus
in synonomy with I. expansus. Since Anderson did not illustrate I. rectus
it is thought best to retain I, cornutus for the present.

-As Glenister & Klapper have noted, the median row of denticles in
I. alternatus are often suppressel whereas in those specimens of
I. expansus (and I. nodosus), in which the denticles alternate,they are not.
- For this reason Wolska's specimens of I. nodosus are included herein whereas
.one of the I. alternatus is not. )

Occurrence: Samples WKéa, WKb2, Western King,
In Germany, 1. alternatus appears at the base of the Upper Pa. triangularis

Zone according.to Ziegler 1971,
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Icriodus brevis STAUFFER
aff. Plate 33, figs. 8, 9

1940 Icriodus brevis n.sp.- STAUFFERR, p.424, pl.60, figs.35, 43, 44, 52,

1970 Icriodus brevis brevis 'STAUFFER - SEDDON(a), p.735-6, pl.12,

~ figs. 12-15, ' " - |
1970 Icriodus brevis angustulus subsp. nov.-SEDDON(a), p.736, p1.11,figs.16-24,
1974 Icriodus brevis brevis STAUFFER -UYEMO, p.29-30, pl.6, fig§.3,11,12.

Remarks: Stauffer originally describedll, brevis from the clay above the

Cedar Valley Limestone in S. Minnesota.  The form is characterised by two
blade denticles which rise much higher than the other denticles. Subsequent
to its introduction, I. brevis was placed in synonomy with 1. cymbiformis .
STAUFFER (Anderson 1966, p.406), which, like I, brevis,was based on sma]l,'
probably juvenile, specimens., Seddon (1970(a), p.735-6) however, maintained
the form species since he was able to recognise the diagnostic characters

in a1l growth stages. The latter author distinguished two subspecies:

1. brevis anqustulus and I. brevis brevis, the former differing in the comp]ete
fusion of the blade denticles. Seddon found the distribution of I. brevis
brevis to be more widespread, though both were restricted to the “"angustulus-
horizon" of the Sadler Limestone (Canning Basin, W. Australia). (See Zonations).’

In Plymouth a few specimens have a high free blade of this sort,
though they differ in other respects. Seddon noted that the species was part
of an intergrading Icriodus complex (p.729, 735) and that specimens intermediate
between I, brevis and I, symmetricus were common. The specimen illustrated
on plate 33, fig. 9 seems to be such a form, and it is worthy of note that it
comes from a stratigraphical position (M. asymmetricus Zone) in keeping with
itS gradational nature between the two (see Zonation chart, I. angustulus &
U. asymmetricus Zone)., Figure 8, plate 33, seems to 1ie nearer I, brevis

angustulus in the greater'fusion of the blade. The same is true for the
single specimen of Icriodus n.sp.aff,l, alternatus (p1.33, fig.14) which seems

to demonstrate the "br-vis" tendency.

Many form species of Icriodus are characterised by a distinctly high
blade development, and it seems desirable to distinguish them here. In the
Middle (M) and Upper (U) Devonian these include:
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Icriodus brevis brevis STAUFFER 1940 - (v)
Icriodus costatus (THOMAS 1949) (v)
Icriodus cornutus SANNEMANN 1955 S | (u)
Icriodus angustus STEWART & SWEET 1956 (M)
Icriodus obliquimarginatus BISCHOFF & ZIEGLER 1957 o (M)
Icriodus eslaensis eslaensis van ADRICHEM BOOGAERT 1967 _ (M)
Icriodus brevis anqustulus SEDDON 1970(a) o . (u)
Icriodus culicellus BULTYNCK 1974 - (M)
Icriodus n.sp. a (descr1bed hereln) (]
Icriodus _eslaensis 1at1car1natus BULTYNCK (in press) (M)

1. brevis. 'STAUFFER (1940, p;424, p1.eo, figs. 36, 43, 44, 52) is characterised
by discrete denticles, medias and laterals which are subalternate, a

straight posterior border and a symmetrically ovoid basal outline. The two
posterior blade denticles are much higher than the others. |

l,vdarbzensis KLAPPER(1958 p.1086, pl. 141, figs. 9,11,12) is a junior

synonym of I, costatus. The latter lies closest to I. cornutus, both being
characterised by a downarched posterior platform and a large horn- like blade.
They are distinguished by the relative position of the median and lateral:
denticles. = In I. cornutus they are pérfect]y a]ternating. in I. costatus
they are aligned and connected by transverse bridges. Ethington (1965,

p. 574) described a specimen of I, cornutus in which the denticles were
subalternate. The cusp of I, cornutus may be differentiated into two or

three denticles (Glenister & Klapper 1966, p.805). I. anqustus has aligned
denticles posteriorly which are connected by transverse bridges. The basal
outline tends to be pointed at both ends due to the development of a posterior- .
lateral projection. The blade is much higher, consisting of several mostly
fused denticles inclined posteriorly, I. anqustus differs from other icriodids
with high blades in the aboral outline. Orr (1972, p. 32, pl.2, figs.7-9)
described I. cf, I. anqustus from the Michigan Basin. This form has two
‘high,discrete blade denticles and subalternate denticles and is thus very
similar to I. brevis from which it differs in its subtriangular aboral

outline, I. culicellus (= I. aff, I. angustus sensu Bultynck 1970, p.102,

pl. 1, figs. 1-6, 9; 1972, p.73-4, fig. 3) differs from I. anqustus

in the absence of transverse bridge development, in the form of the growth

tip, and in the less angular posterior aboral outline. This form approaches
I. obliquimarginatus which di ffers in the aboral configuration. In the latter,
the transition from gully to bowl on the outer side is gradual, a spur
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may be present on the inner side and the posterior border is straight -
all in contrast to I. culicellus.

I. eslaensis is probably related to lé'bbliquimarginatus from which
it differs in its broader platform, usually less inclined posterior border
“and Tower, less stroneg\convex,b]ade, and, in profile, a lesser arched outer
Tower rim.  Bultynck (1972, p.82, fig.15) described I, aff. eslaensis
= I.e. laticerinatus, which differed in the greater differentiation of the
growth tip, the more common development of transverse bridges, the laterally
enlarged and fused blade, the 1nc11ned poster1or border, and the more abrupt
transition from gu]]y to bowT

The intergradation of some of these forms should be noted. Thus
I, brevis brevis and I. brevis angus tulus form end members of a transitiohél
series and similarly, intermediate forms occur between I, brevis angustulus and
1, cornutus in the degree of down-arching of the posterior end of the unit.
The latter and I. costatus are connected by forms in which the platform
denticles are subalternate (or subparallel). Thus these four forms appear to
represent an intergrading complex in the Upper Devonian. The other forms
are Middle Devonian. Orr suggested that his I. cf. I. angustus may have
been the precurser of I, angustus STEWART & SWEET, though according to
/Klapper‘and Ziegler (1967) the latter diverged from I. latericrescens
robustus.  These latter three are essentially North American forms,

Bultynck has recognised a long Upper Emsian form and a short Lower
Couvinian form of I. culicellus in Belgium. I.n.sp.a, herein described,
may be a late Eifelian relation.

I. eslaensis follows I, obliquimarginatus stratigraphica]]y and is
itself followed by I.aff, I. es]aens1s, the morpho]ogical distinction being
somewhat arbitary.

In the same way all these aforementioned forms tend to grade into
form species in which a high blade is not a diagnostic character. Thus,
I. regularicrescens is thought to have given rise to I, obliquimarginatus,
and I. alternatus to I, cornutus.
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Icriodus expansus - Icriodus nodosus group

Plate 33, figs.13,18,21; Plate 34, figs.14-19,21

Description:(see also Middle Devonian Icriodus) Forms with a regu1ar1y
convex outer margin and a weakly convex to weakly concave inner margin,
The unit is pointed at both extremities and is broadest at about the third
transverse denticle row from thé posterior end, from which point the oral
outline tapers in each direction,

The growth point is not well differentiated from the middle platform,
though the denticles do not- appear -in prolongation of those of the former.
The denticles of the middle platform number about 6 - 8, the medians and
laterals are commonly well aligned, more rarely subalternate. The medians
are round and discrete the laterals are on the whole a little larger and,.
in the broadest part of the platform, transversely elongate. Low transverse
bridges may be developed and in large specimens are strong. The
denticulation is generally regular, though laterals may be unpaired posteriorly.

~ The blade is typically composed of two fairly discrete denticles which
are the same height as the denticles of the platform, themselves of equal .
height. The posterior border is inclined posteriorly or is upright.

The basal expansion of the bowl is a half or more of the total length,
and begins more anteriorward on the outer side. Where preserved, the posterior
" basal outline is evenly curved.and rounded.

Remarks: This group includes forms in which the overall oral outline, the

form of the denticulation and the character of the blade provide the most
constant features for group identity., Within the group, variation is sometimes
extreme. in a large part due to the very different configurations of the |
different growth stages. Such a variation has been demonstrated within

the Middle Devonian I. expansus - nodosus group.

Middle and Upper Devonian representatives share a similar overall shape
and denticle arrangemenf; the maximum width of the platform and the '
greatest development of lateral denticles is in a similar position and
transverse bridges are often well developed.in both, Furthermore there is
a similar ontogenetic development, and within both an individual element and
a population, a gradation from alignment throughout to an anteriorward
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migration of the median denticle row in the anterior platform, can be
observed (e.g. pl1.34, figs..15-17-14; see also Middle Devonian Icriodus).
The essential differences have been discussed previously.

Occurrence: WK5, Western King; DS1, Durnford Street; C4 , Barn Pool;
R9, Radford Quarry. ' ' '

Icriodus symmetricus BPANSON & MEHL group

* 1934 Icriodus symmetricus. n.sp, - BRANSON & MEHL, p.226, pl. 13,vfigs.1-3.

Discussion: Branson & Mehl (1934)»erected this species to include forms
characterised by mostly péralle] sides, a medium denticle row somewhat
higher than the lateral rows and a broadly flared posterior basal cavity.
These authors (1938) recorded species only from Upper Devonian strata,
Subsequently several vorkers recorded it from Middle Cevonian strata but
Bultynck (1970, p.112-3) has noted the differing aspect of such forms and
enumerated the essential differences Letween these and [, synmetricus S.S.

S———

In the latter, the bowl is situated relatively posteriorly and is not more
than half the total unit length, and is also clearly rounded. Furthermere,
the general form is very slender, never massive, and, as mentioned.‘the
median denticles are higher than the laterals, Middle Devonian
representatives, according to Bultynck, differ in these respects. Thus,
with Bultynck (1972) having raised to specific status I. introlevatus,

I, symmetricus can be considered as typically Upper Devonian,

In 1938, Branson & lMehl also erected I. curvatus (p. 162-3, pl.26,
figs. 23-6). =~ The oral expression of this species was almost identical to
that of I. symmetricus and as these authors noted in the description, the
median denticle row'lay'distinctly above .the laterals; I. curvatus was also
confined to U Devonian strata according to their chart (p.156). Glenister
and Klapper (1966, p.805) ccnsidered I, curvatus to be a junior synonym of
I. symmetricus because the diagnostic asymmetrical hasal cavity of the former
resulted "from lack of preservation of part of the cavity margin", This
is not fully evident from the figured fypes, which also differ from
I. symmetricus in their relatively long blade (three to four denticles as
opposed'to two.) Because forms with truly asymmetrical cavities do occur in the
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literature, Glenister & Klapper chose to place such forms in open nomenclature,
calling them I. sp.A (see their synonomy list).

Icriodus symmetrfcus BRANSON & MEHL
" Plate-34, figs, 1-13; 20

* 1934 Icriodus symmetricus n.sp. - BRANSON & MEHL, p.226, p1.13,figs.1-3.
. 1938 Icriodus symmetricus BRANSON & MEHL - BRANSON & MEHL, p.161, pl. 26,
figs. 1-3. :
1951 Icriodus sp.- HASS,. p]..l,' fig. 17. .
. 1957 Icriodus symmetricus BRANSON & MEHL - MULLER & MULLER, p.1106,
pl. 138, figs. 1-3; pl. 142, fig. 8.
. 1967 Icriodus symmetricus BRANSON & MEHL - GLENISTER & KLAPPER,p.805,
- pl. 95, figs. 4,5. ' :
? 1967 Icriodus cornutus SANNEMANN - CLARK & ETHINGTON,p. 37-8, pl. 3 figs.3,4.
. 1967 Icriodus curvatus BRANSON & MEHL - CLARK & ETHINGTON,b. 38, pl. 3, fig.13.
. 1971 Icriodus symmetricus BRANSON & MEHL - SCULCZEWSKI,p.23, pl. 7, fig 5,74,

Diagnosis: Slender icriodids with subparallel platform margins, well aligned
median and lateral denticles joined by transverse bridges, and a median
denticle row connected by Tongitudinal bridges and clearly higher than the
lateral rows. The aboral flare is rounded and asymmetrical, being greater
on the outer side; it is between a third and a half total unit length,

Remarks: The single cotype illustrated in aboral view by Branson & Mehl
(1934, p1.13, fig.3) has a symmetrical basal flare though this is apparently
broken. Their cotype figured in oral view (fig. 1) is in accord with their
description "..one side usually more conspicuously flared than the other",
As with other species of Icriodus, I. symmetricus has been given wide
interpretation in the past, though the above diagnosis provides a distinct
set of diagnostic characters. The diagnosis also embraces I, curvatus
sensu Branson & Mehl. I agree with Glenister & Klapper (1966) in
“considering I. curvatus as a junior synonym. I, curvatus sensu other
authors (e.g. see Bultynck 1970, p.103-4) is not considered to be the same. .

The studies material from Plymouth includes specimens from several
different stratigraphical horizons which have the following characteristics
in common:- ' '
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1. - Well aligned denticles connected by both transverse and
longitudinal bridges.
2. Median denticles clearly rising above the lateral rows. -
3. Rounded aboral expansion which begins further anteriorly on
the outer side and which commonly extends further laterally
on the inner side, . i '
These specimens, which are considered to constitute a coherent group,
differ in the following respects:-
1. Curvature of axis.
2. Number of denticles per unit length,
3. Relative height of median and lateral denticles.
4. Relative length of blade. . '

These variations are manifest in at least two morphotypes. The first,

herein called morphotype 1, corresponds to I, symmetricus sensu most authors,
.In Plymouth this appears to be more common at a lower stratigraphic level, {i.e.
in the M, asymmetricus Zone. Morphotype 2 corresponds to what many authors
have called I. curvatus. This is associated with the first morbhotype in the
A. triangularis Zone; it is possible that the two are natura]Iy assocciated

in the latter as a class III symmetry pair sensu Lane (1968,p. 1259-60). L

Morphotype 1
Plate 34, figs.1-5, 11-13,20

This form is characterised by a straight to curved longitudinal axis

and usually subparallel platform margins; more rarely the latter are
biconvex. The lateral and median denticles are well aligned and are
connected by both well developed transverse and longitudinal bridges. A
growth point is not well differentiated, the denticles of the anterior
platform lying in prolongation of those of the middle platform, There may
be some variation in the spacing of the transverse denticle rows, but
generally they are close and number about 5 - 7. The laterals may be
occasionally unpaired posteriorly,

The blade is composed of about two denticles mostly fused and lying
on a Tevel with the median denticle row. The latter bears longitudinally
elongate denticles partially fused into a high crest which clearly rises above
the smaller, more discrete laterals in a posterior direction. The posterior
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border is straight or slightly inclined posteriorly. The basal expansion
“is typical of the group. '

Specimens from the suppos ed restricted area of Radford Quarry are
small and generally have a straight axis and relatively lower median denticle
row.  Occurrence: Samples 117,:Radford Quarry; DS1, Durnford Street;
~ 77c, Fisons Quarry, Cattedown; C4, Barn Pool, near CreMyl.

Morphotype 2
Plate 34, figs.6-10

This form tends to be more slender than morphotype 1 and is always
curved, sometimes strongly so, so as to be distinctly concavo-convex in
oral view, Two important points of difference are the fewer number of
denticles (4-5 as qposed to 7-8), and the distinctly longer blade which is
.composed of at 1east-three5fair1y discrete denticles and is commonly at least
equal in Tength to half the. platform. Transverse bridges are not always
éo clearly developed as in morphotype 1; Rare specimens have irregular denticle
arrangement near the posterior and/or anterior ends of the unit (e.g. fig.8).‘
The height of the median denticle row is comparable in the two forms. )

This form is comparable to many forms designated I. curvatus in the
past. It should be stressed however, that the aboral configuration is
' “identical to morphotype 1.

Occurrence: Samp]e 77a, 77c, Fisons Quarry, Cattedown; DS1 (?), Durnford Street.,

Icriodus n.sp.aff.l. alternatus
Plate 33, figs.10,14-16,22, 23

Diagnosis: Icriodus charactefised by a very short growth point and round,
discrete (sub) alternate denticles.

Description: The axis is straight but may be incurved at the anterior end..
Margins s1ightly biconvex to subparallel. The growth point is very short

and composed of only a sing1e'dentic1e,'in continuation of the median

denticle row. The middle platform consists of 4 - 5 discrete denticles in
each rbw. The medians in the central part of the platform are large and round
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in cross-section, and those inboth directions, smaller and laterally
combressed. The lateral denticles are generally round in cross section
and of equal size; the posteriormost one or two may be slightly elongate
transversely and directed s1i chtly anteriorward. In small specimens the
denticles are alternate but tend to become subalternate in later growth
stages. Occasionally, the -spacing of the denticle rows is irregular, the
anterior denticles being further apart than the postefior ones.

- The blade is composed of three denticles, partially fused-ahd increasing
in size posteriorly. They are higher than the platform denticles in some
specimens., ' ' '

Aborally, the gully expands progressively posteriorly to a point a little
behind the unit midlength, beyond which the basal expansion is apparently .

symmetrical,

Remarks: The form is distinctive and unlike any established form species,
It appears to be restricted to the Lower asymmetricus Zone.

Occurrence: Samples WK1, WK2, Western King.

Form genus: Palmatolepis ULRICH & BASSLER-

Type speéies:Pa1matolepis perlobata ULRICH & BASSLER 1926

Remarks s Pa]ﬁatolepis is restricted to the Upper Devoniah. If evolved
from Polygnathus at the base of the interval and thereafter went through
rapid and varied evolution giving rise to quite different morphological
expressions., Detailed phylogenies have been worked out by Ziegler
(1962a,b), Helms (1963) and Muller (1956, 1962) and the first named author
zoned the Upper Devonian of Germany (1962a) by means of the genus
(predominantly) though this work continues (e.g. Sandberg and Ziegler 1973).

Palmatolepis is ‘ery well known and it is not felt necessary to deal
with the taxonomy of the group herein, except for those forms which appear
to be new, Suffice it to say that six characters have been considered of
taxonomic value in differentiating between species:
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. ﬁ]atform outline

Oral ornament

Pesition and character of outer lobe
Character of blade carina

Position and character of parapet if developed
Profile of the posterior platform

N B W RN
-

- It should be noted that the lobe, when deveioped (or the concave
side of the carina anterior of the azygous node), is outer (Orr and Klapper
]968, p.1071); much of the. literature contains descriptions using.the
converse. T ' '

The .multielement Palmatolepis is believed to involve a type 1 apparaths
(A] -smithiform, A.2 = angulodiform, A, = scutuliform; 0, = nothognathelliform,
N =palmatodelliform by Klapper and Philip (1972, p.100) whereas Ziegler
(1972, p.94) prefers the platform element (s) on its own.

Palmatolepis aff. Pa, transitans MULLER
Plate 29, fig. 8

* 1956 Palmatolepis transitans n.sp. MULLER, p.18-19, pl. 1, fias. 1,2,
vV non 1970 Palmatolepis transitans MULLER - KIRCHGASSER, p. 344-5, pl, 63,

figs. 1,8 (= Pa? disparalvea),
. 1974 Palmatolepis transitans HULLER - ZIEGLER, p.309-10, pl.1, figs. 1-3

(see synonomy).

Diagnosis: see Ziegler 1973, p.309-10.'

Remarks: A single specimen from Western King may be a juvenile of this
form-species. The straight carina, and not well differentiated lobe are
characteristic, though the ab<wence of a carina development posterior of
the azygous node is not. |

See also Ziegler 1973, p.309.

Occurrence: Sample WK 5, Western King, Palmatolepis cf. Pa.transitans
(one specimen )from sample 135, Barn Pool,nr. Cremyl.
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In Germany,’fg;'tranéitans ranges from the base of the L. asymmetricus
Zone into the A. triangularis Zone.

~ Palmatolepis n,sp.a
Plate 29, fig. 10

Pemarks: ~ A single specimen from the Plymouth Limestone is peculiar in
several respects. The e1ongate—ova1 and apparently symmetrical platform
bears a central azygous node which also marks the posterior termination of

a fairly high ca}ina. The pﬁatform surface bears transverse ridges and,
occasionally, aligned nodes. Aborally, at the midpoint of the platform,

the keel is interrupted by-the abruptly expanded anterior edge of a parallel-
ogram- shaped basal cavity. The posterior edge of the cavity meets the keel
abruptly nearly one quarter of the platform length from the posterior platform
tip. The outer edge parallels the keel and lies between one third and one.
half of the distance from the latter to the platform margin.

The specimen is not well préserved but clearly differs from any

previously described, The platform shape is polygnathoid, the position
and asymmetry of the basal cavity is suggestive of Schmidtognathus, while
“an azygous node is a diagnostic character of Palmatolepis,

Occurrence: Sample H1, West Hoe, Plymouth. ?Lowermost asymmetricus Zone,

Palmatolepis? durnfordi n.sp.
Plate 29, figs.1,2,5,cf.17; aff.P1.30, fig.4

Diagnosis: A form which differs from other species of Palmatolepis in.
lacking an azygous node and in possessing an asymmetrical basal cavity. The
platform is broad, thick and bears coarse nodes. A lobe is indicated but
not always well differentiated; the carina may be distinctly sinous.

Description: The platform is about as broad as it is long and is usually
strongly asymmetric, being broader on the outer side where a lobe is
indicated, The latter is not always well differentiated, The inner
platform margin is regularly curved and meets the blade at the same position
as the cuter mafgin. The platform is arched in profile, more strongly so

anteriorly, and bears an ornament of quite coarée nodes which may be
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transversely elongate or aligned.

The (rarely preserved) blade is short and composed of numerous,
mostly fused denticles of equal height. Posteriorly, the platform rises to
meet the carina which is progressively lower in that direction, At, or a
1ittle in front of, the p]atfdrm midlength, the denticles of the fixed blade
are replaced by Tow, broad, fused nodes which become increasingly discrete
in the posterior half of the platform and disappear before the posterior
tip. The blade is distinctly sinuous.in some specimens.

Aborally, a large basal cavity is situated at mid-platform. This
is strongly expanded laterally on one side (the outer) and attains its
maximum width near the anterior end of the cavity. :

Remarks: This new form is questionably placed in Palmatolepis on the basis
of the incipient lobe development and blade sinuosity. Unlike other
palmatolepids, it lacks an azygous node and a distinct lobe development.
These latter characters are also variable in the early palmatolepid
representatives.Palmatolepis transitans and Pa. punctata, though in their-
aboral configurations these two species are typical of the form-genus,

i.e. bearing a minute pit. Pa? disparalvea was also questionably assigned
to Palmatolepis because of its unusual basal cavity. In ggﬁ'disgaralvea

the lobe is well differentiated and the cavity lies further posteriorly

(see also Remarks under Poiygnathus nismj) .

A single-large specimen (p1.30, fig. 4) from the same sample as those
figured appears to have an azygous node and also has a clearly developed lobe.
The ornament of this form consists of strong radial ridges and aligned _
nodes and as such is similar, though, perhaps predictably, more extreme than in
the small specimens, The basal cavity of this specimen is obscured by a
basal attachment so its nature is not known, If the latter is asymmetrical
and thus if this form does represent a late growth stage of the same species,
then the inclusion of Pa,? "durnfordi in Palmatolepis s.s. may be more justified.

Occurrence: Sample DS1, Durnford Street, Plymouth,
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'Form genus: Polygnathus HINDE

Type species: Polygnathus dubius HINDE 1879 (subsequent designation,
MILLER 1889, p.520). '

The neotype of Polygnathus dubius_ is the lectotype of Polygnathus
foliatus figured by Bryant 1921, pl. 10, fig. 16. See Huddle 1970, p.1030-3
for comprehensive discussion of the genus, Huddle 1968, p.37 for synonomy.

In multielement terms, Klapper and Philip (1971, 1972) considered
Polygnathus to be involved in two of their_mu]tie]ement families, .
the Polygnathidae and Cryptiotaxidae (see Foreword). Within the former, two
genera vere distinguished - Polygnathus and the Upper Devonian Mesotaxis,
these differing in their 0], A, and N elements. This distinction separates .
some of the widely differing forms assigned to the form-genus, though further
separation must still be possible (see Remarks under the "linguiformid" group).

Ziegler 1972 (p.93, 96) suggested that Polygnathus may have been associated in

an apparatus devoid of ramiform elements. The symmetry transition demonstrated
by some polygnathids may support this conjecture since it seems reasonable to
include together some Such forms (e.g., See Po. mucronatus, Po. serratus)

though this is not to say that ramiform elements are not associated.

Polygnathus aff. Po. aspera HUDDLE. 1934
Plate 24, fig. 2

aff.*1934 Polygnathus aspera n.sp. - HUDDLE, p.104, p1.8, figs. 45-6.

Description: Large, broad, massive, flat and flexed platform. Outer margin
s mostly regularly convex, the inner margin is nearly straight. The
posterior one seventh of the platform is somewhat pinched and twisted
laterally. A carina is represented by a thick, fused, irregular ridge

more or less straight and central in the anterior half but turning inward

and Tying nearer to the inner margin in the posterior'half. In the



et

- 108 -

posteriormost part of the platform the carina breaks up into nodes and

cannot be clearly traced, but appears to be turned outwards. On its

inner side, and at the posterior tip of the platform, there is a smooth, shallow
depression. '

The oral surface of the platform is ornamented by strong perpendicular
ridges which tend to bte divided posteriorly into laterally elongate nodes.
They are generally separated from the carina by narrow, shallow adcarinal grooves,
though some do meet it. The anterior platform margins are turned strongly
downwards in front of the first divergent ridges which make an angle of about
45° - 50° with the fixed blade. The free blade is not preserved.

Abora]]y'there is a diamond shaped pit situated a third of the platform
length in from the anterior end. A keel extends to near the blunt

posterior end where, reflecting the carina, it is lost. Anteriorly, a

wide-flared furrow equal in width to the pit is developed,

Remarks: This form differs from Po. aspera HUDDLE insomuch as the latter
tends to be somewhat more elongate, Also the différence in the height of
the posterior platform on either side of the carina, as described by Huddle,
is not clearly a feature of the unit, though the depréssion is thought to be
analogous., '

In common with the holotype, this specimen is (relatively) very large
and is associated with Po. tuberculatus with which a relationship is strongly
suggested by the general form of the platform (compare aboral views too).

The specimen may represent a late stage, gerontic development of Po.
tuberculatus, but it is retained here for the present.

Polygnathus aspera was found to be very rare in the Lower New Albany
Shale. The single specimen from Plymouth comes from the upper part of the

varcus Zone,

Occurrence: Samb]e 36, Mount Wise,
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The'Po1yqnathus'asymmetricbs'group

Diagnosis: Polygnathids with 1long, often broad, platforms covered with
numerous small nodes. A short free blade continues on the underside of the
p]atform as a sharp keel which is interrupted by a basal cavity situated in
the anterior half of the p]atform.

Remarks: ‘Ziegler et al. (1964, p.422) considered the lectotype of

Polygnathus dubia to be an indeterm1nate fragment and that therefore-the

f1rst available name for B1schoff and Ziegler's concept of this form species
was Polygnathus asymmetrica. Huddle (1972, p.5) discussed Hinde's (1879,
p.362-4, pl.16, figs. 6-17)} type of the multielement Polygnathus dubius

which he considers to be a food-ball, The lectotype of Polyanathus dubius
chosen by Roundy (1926, p.13) was judged by Huddle (1970, p. 1031) to be
suggestive pf Polygnathus foliatus BRYANT, the lectotype of which (Bryant 1921,
pl.10, fig. 16) was designated by Huddle (1970, p.1032) as the neotype of
Polygnathus dubius.

Bischoff and Ziegler (1957) recognised two subspecies - (now called)
Polygnathus asymmetricus ovalis and P, asymmetricus aéymmetricus. These
are differentiated mainly on their platform outlines which may be gradational.
There appears to be some difference in the stratigraphic and geographical
ranges of the subspecies but there are discrepancies in range charts (compare
Bischoff and Ziegler 1957,p.135, table 5; Ziegler 1962b,table 2).
Po. dengleri seems to be a-related form.

A study of material from S.W. England, Belgium and Germany and an
appraisal of published illustrations indicated further division of this
group is desirable and biostratigraphically useful. Distinction is primarily
~ based on the form of the basal cavity.

"~ The holotype of Polyanathus asymmetricus has been illustrated in oral
view only (Bischoff and Ziegler 1957, p1.16, fig. 20). In the only syntype
shown in aboral aspect (pl1.16, fig.18) the basal cavity appears to be minute
and situated at a point two thirds of the total length of the platform from the
posterior tip. This development is typified in the specimen illustrated by
Ziegler 1958, pl. 1, fig.10a, |
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The holotype of Polygnathus asymmetricu$'ovalis js figured in
Ziegler 1958, pl.1, fig, 2 a-b'(by subsequent designation of Ziegler and
Klapper 1964, p.422). This has a relatively large, slightly asymmetrical
based cavity situated somewhat further posteriorly than in the nominate
subspecies, though still anterior of the p]étform midlength. Other
specimens assigned to Polygnathus asymmetricus ovalis (e.g. Ziegler 1958,
pl.1, fig. 3), on the basis of a relatively symmetrical platform outline,
have a pit development characteristic of P. asymmetricus asymmetricus.
Such specimens have a more quadrate outline and a more robust appearance
and are here included in the latter taxon. It is thought that the character
of the aboral surface provides a meaningful distinction between the two
subspecies. Most illustrated specimens of E, asymmetricus ovalis have a
symmetrical tear-shaped cavity,

Many illustrated specimens are not shown in aboral view and are
questionably placed in synonomy on the basis of their overall shape and oral
configuration. '

Polygnathus nismi sp.nov. is a related member of this platform complex.
This is characterised by a large, strongly asymmetrical basal cavity situated
at mid-platform length. The shape of the units tends to reflect that of the
laterally expanded cavity and thus one side of the platform is larger;
especially in juveniles. This tendency for the platform outline to
reflect the shape of the basal cavity is seen in the holotype of Polygnathus
asymmetricus ovalis, which is, in some respects; transitional towards
Polygnathus nismi and thus atypical of the species (sensu most authors).

Po.dengleri is quite distinct in its typical form, but Sculczewski(1971)
has figured some specimens which have a much broader platform and are thus
very similar to Po,_ asymmetricus, The asymmetrical basal cavity of these
forms do in fact suggest rather Po. nismi. Some of Kirchgasser's (1970)
specimens of Po.dengleri have broader than usual platforms.

There appears to be inter-gradation between all these aforementioned
forms.



[ [

Polygnathus asymmetricus asvmmetricus  BISCHOFF & ZIEGLER 1957

* 1957

. 1957
1958

. 1958
1959
1963

. 1966

? 1966

1967

. 1967

. 1970

. 1970

v. 1970

. 197

. 1971

. 1972

. 1974

Plate 28, fig, 16, cf,13

Polygnathus dubia asvmmetrica n.sp., - BISCHOFF & ZIEGLER p.88-9,

p1.16, figs.18,20-22; pl.21, fig.3. |

Pelyarathus dubia dubia HINDE - BISCHCFF & ZIEGLER, pl.21, fig.2 (on]y).
Polygnathus dubia asyrmptr1ca BISCHOFF & ZIECLER - ZIEGLER, pl.1, '
figs. 4,5,6,8,10a-b.

Polygnathus dubia dubia HINDE - ZIEGLER, p1.1, fig.3a-b (only). fig.3.
Polygnathus dubia asymmetrica BISCHOFF & ZIEGLER - KREBS, p.384, pl.1,
Polygnathus dubia asymmetrica BISCHOFF & ZIEGLER-HELMS, tekt fig.2,fig.2.

Polygnathus asvmmetrica asymmetrica BISCHOFF & ZIEGLER - GLENISTER
& KLAPPER, p. 828, pl. 88, figs. 6, 7.

Polyanathus asymmetrica asymmetrica BISCHOFF & ZIEGLER - FLAJS, p.230-2
pl. 26, figs. 1-3, 8,9 (non figs. 4-6= Polygnathus nismi sp, nov.).
Polygnathus dubia asymmetrica BISCHOFF & ZIEGLER - CLARK & ETHINGTON,
p.61, p1.7, fig.18.

Polyanathus dubia dubia HINDE - CLARK & ETHINGTON p.60-1,

pl. 82, fig.14, (non-fig. 15 = Po]ygnathus dengleri) .
Polvanathus asymmetrica asvmmetrica BISCHOFF & ZIEGLER - SEDDON(b),_

pl. 10, fig. 2. .
Polygriathus asymmetricus ovalis BISCHOFF & ZIEGLER - SEDDON (a), pl1.13,

figs. 16,17 (only).
Polyanathus asymmetricus asymmetricus BISCHOFF & ZIEGLER- KIRCHGASSER,

p.345-6, p1.63, fig., 9.
Polyanathus asvmmetricus asymmetricus BISCHOFF & ZIEGLER - SCULCZEWSKI,

p.45, p1.16, figs. 3,5 (non fig.4). o
Polygnathus asymmetricus asymmetricus BISCHOFF & ZIEGLER - KLAPPER

& PHILIP, p. 434, 449, fig. 3P (only).
Mesotaxis asymmetricus asymmetricus BISCHOFF & ZIEGLER - KLAPPER .

& PHILIP, p. 100, p1.1, fig. 20 (only).
Po]yqnathus asymmetricus asymmetricus BISCHOFF & ZIEGLER - UYENO, -

p.37, pl.3, figs. 1,4,6 (?3).

Diagrosis: A subspécies of Pb]ygnathus asyrmetricus with a bread, asymmetrical
and often subquadrate platform and a very small basal cavity.

W ¥

»



- 112 -

Cccurrence: Sample 117, Radford Quarry;
o cf. Sample DS1, Durnford Street. , ‘
Ziegler 1971 (chart 5) records Po. a. asymmetricus from throughout -
and restricted to, the asymmetricus Zone,

Polygnathus agymmetricus ovalis ZIEGLER -AND KLAPPER 1964
Plate 28, figs. 1-5, 7-10, 12-14, aff, 15

. 1957 Polygnathus dubia dubia HINDE - BISCHOFF & ZIEGLER, p.88, pl1.16,
' ‘fig 19; pl.21, fig.1. (non fig.2=? Po. asymmetr1cus asyrmmetricus).
. 1958 Po1yqnathus dubia dubia HINDE - ZIECLER, pl. 1 fig.1, 2a-b, 7a-b,
1963 Polvanathus dubia dubia HINDE - HELMS, text fig.2, fig.1.
? 1965 Polygnathus asymmetricus ovalis ZIEGLER & KLAPPER -~ ETHINGTON,
© . - p, 581, pl.68, fig.1 (oral-view only). :
.. 1966 Polygnathus asymmetricus ovalis ZIEGLER & KLAPPER —.GLENISTER
e & KLAPPER, p.828, p1.87, figs. 8,9.
. 1966 Po1yqnathue asymmetricus ‘ovalis ZIEGLER & KLAPPER - FLAJS, p 239,
o p1.25, figs. 1-3. : '
1965 Polygnathus asymmetrica ovalis ZIEGLER & KLAPPER - ZIEGLER (b), p. 57]
. pl. 5, fig. 6
. 1967 Polygnathus dubia dubia HINDE - CLARK & ETHINGTON, p.€0~ ], p] 7
B figs.14,15 pl.8, fig. 9 (non f1g 8= Po]ygnathus dengleri).
. 1967 Polygnathus dubius HIME - MULLER & CLARK, p.916, pl1.115,figs.5a-c, 6.
-, 1969 Polygnathus asymmetri aus ovalis ZIECLFR & KLAPPER - POLSLER, p.420,
pl.4, figs. 17,18, - : //"?§ET}.
1970 Polygnathus asymmetricus ova1is ZIEGLER & KLAPPER - SEDDON (b), pl.10,
. 1971 Polyanathus asymmetricus ovalis ZIEGLER & KLAPPER - SCULCZEWSKI,
- p.45-6, pl.17, figs. la-b, 2. S
"~ . 1974 Polyagnathus asymmetricus ovalis ZIEGLER & KLAPPER UYENO, p.37,
pl.3, figs. 2,5,7; pl.4, fig.1 (non fig.3 = Polyanathus sp.nov.).

D1agnosis A subspecies of Po1yqnathus asymmetricus with a symmetr1ca]1y
1ance01ate platform and a small tear shaped basal cavity.

Description: The platform is typicalTy symmetrically lanceolate, evenly and
gently arched, and tapers to a point. The blade is very short (about one
~ _sshventh total unit length), Tow and deep and continues posteriorly as a carina,
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the individual nodes of which are relatively large and discrete. The oral
surface bears small nodes or granules which tend to become transversely aligned.
Aborally, a small basal cavity is located a little anterior of the platform

- midlength. There is a sharp keel and a broad crimp.

Remarks: Most of the specimens of Polyqnathus'asyﬁmetricus from Plymouth

are considered to belong to this subspecies. Much of the material is
fragmentary, all of it is very fragile and most is also tectonically deformed,
The variety in platform symmetry is judged to be the result of this deformation
and dislocation., Aboral configuraticﬁs,;the form of the carira and the ornament,
provide a fairly constant criterion for group identity. The course of the
carfna, though often obviously affected by tectonics, cccasionally shows a
sinuosity or even a lateral displacement (e.g. p1.28, fig.12) which suggests

a tendency toward Palmotolepis, though an azygous node is never developed.

The platform ornament uéua]]y shows a good transverse alignment, especially

. anteriorly, and this is sometimes pronounced enough to produce an irregular
platform margin (e.g. p1.28, fig.7). Sometimes the ornament is completely
random as in fig. 9, p1.28, a specimen which also has a dovmarched and twisted
posterior tip. This is probably due to deformation though to what degree this
is respbnsib]e for the trough shaped platform of the specimen figured on pl.28,
fig. 15, is debatable; this latter specimen also differs in the pronounced
extension of the carina posteriorly, a festure which characterised Polygnathus
n.sp. D sensu Pollock 1968. The specimen figured by Seddon 1970 (a) (p1.13,
figs. 14,15) appears to be transitional to Po. nismi sp.nov,

Occurrence: Samples WK1, WK2 Western King; Sample DS1, Durnford Street;
Sample 117, Radford Quarry. In Germany, Ziegler 1971 records Polygnathus
asyrmtricus ovalis from the base of the Lowermost asymmetricus Zone up to a
level near the top of the Upper asymmetricus Zone, ' *
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Polyqnathus dengleri BISCHOFF & ZIEGLER
 Plate 28, figs. 6, 11, 19

* 1957 Polygnathus dengleri n.sp.-BISCHOFF & ZIEGLER,p.87-8, pl.15,
figs..14,15,17-24; pl.16, figs. 1-4.
. 1965  Polyarathus dengleri BISCHOFF & ZIEGLER - ZIEGLER (b),p.671-2,p1.6,
figs. 1 - 6. -

. 1967 Polygnathus dengleri BISCHOFF & ZIEGLER - CLARK & ETHINGTCN,

- p. 60, p1.7, figs. 3,8. / figs.3,7.
. 1967 Polygnathus dengleri BISCHOFF & ZIEGLER - HULLER & CLARK,p.916,p1.115
. 1968 Polygnathus dengleri BISCHOFF & ZIEGLER-ORR & KLAPPER,p1.139,figs$.5-7.
. 1969 iggggnathus deng?er BISCHOFF & ZIEGLER- POLSLER, p. 42] pl.4,

_ 14,
v. 1970  Polygnathus dengleri. BISCHOFF & ZIEGLER - SEDUON(a),p.739,p1. 13,f135 20-3,

v. 1970 Polyanathus dengleri B ISCHOFF & ZIEGLER - KIRCHGASSER, p. 348-9,
pl. 63, fig.2;p1.65, fig.4; pl. 66, fig.2.

non1971 ‘Polygnathus dengleri B IS (HOFF & ZIEGLER - SCULCZEWSKI, p.48,pl1.16
figs. 1,2,6,7. '

<

Diagnosis: A species of Polygnathus with a loné, narrowly ovoid platform with
upturned ma§gins. An often strong platform ornamént of transverse ridges is
separated from a high carina by shallow adcarinal grooves. A free blade is
relatively short and high, Aborally, an oval basal cavity is situated in the
anterior half of the platform. |

‘Remarks: Polyanathus dengleri differs from Po. asymmetricus in its narrower,
trough~-shaped platform, high blade and carina and adcarinal grooves, 'Plymouth
specimens have rather longitudinally e1ongated basal cavities. Some small
Specimens here assigned to Po. asymmétricus, have similar platform outlines

and upturned margins (e.g. pJaté 28, figs. 14,15), but the latter character is
Judged to be due to tectonic deformation; the posterior carinae of the latter
specimens are typical of Polyanathus asymmetricus. The specimens illustrated
by Sculczewski, as noted by him, are much troader than is typical. Some

also have an asymmetrical basal cavity (see Po. nismi).

Occurrence: Samples WK1, WK2, Western King. In Germany, Ziegler (1971)
records Po. dengleri from within the Lowermost to the top of the Lower

asymmetricus Zone.
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"Polvgnathus nismi n.sp.
Plate 29, figs. 3,4,6,11-15, cf. 16

P . 1949 Polygnathus dubia HINDE - BECKMANN, p.154-5, pl.4, fig.4
"~ (P1.1, fig.3 appears to be transitional from Po., a. ovalis),
. 1966  Polygnathus asvmmetrica asymmetrica BISCHOFF & ZIEGLER - FLAJS,
p.230-2, p1.26, figs. 4-6 (only; fic.7 appears to be transitional).
. 1968 "Polygnathus n.sp.c - POLLOCK, p.438, pl.62, figs.28,29,35.
aff. 1968 Polygnathus asymmetricus ovalis ZIEGLER & KLAPPER - MOUND,
' p. 504, pl.69, figs. 4,5.
1971 - Polygnathus deng1er1 BISCGHOFF & ZIEGLER - SCULCZENSKI, p.48, pl.16
, fig. 2 (only).
p. 1973 Polygnathus asymmetricus - MOURAVIEFF & BOUCKAERT, p.94-5.
p. 1974 . Polygnathus asymmetricus - MOURAVIEFF, in BOUCKAERT & STREEL,F, p;Z.

Diagnosis: An atypical polygnathid with a broad, flat, slightly asyvmmetrical
platform, a low, occasionally slightly sinuous carina, and a relatively large
asymmetrical basal cavity., '

Description:” The unit is slightly to strongly asymmetrical in plan view

and slightly to moderately arched in lateral view. The blade is fairly deep
and short, about one fifth of the total unit length, and consists of 3 - 5
mostly fused denticles which tend to increase in height anteriorly. The

carina becomes progreséively Tower posteriorly in conjunction with the broadening
of the denticles into fused nodes which attain their maximum deve1opmént just
posterior of mid-platform, where there are two nodes invariably larger than all
others. Posterior of that point, two or three discrete, smaller denticles,
increasingly separated, mark the discontinuous prolongation of the carina.

In some (about half) the specimens the carina is slightly sigmoidal and hés

an arcuate curvature (the concave side being outward) a little anterior of
platform midlength. ~ Adjacent to and opposité this arc,. the outer platform

is slightly depressed, and/or 1ies lower than the inner side. This point also
marks the greatest width of the unit end ray be marked by'Strong lateral growth.
-Thus the outer platform is invariably broader than the inner, the difference
being especially pronounced in juveniles. Posteriorly, the platform tapers
evenly to a point, while anteriorly the platform margins are smoothly rounded
and stretched downward to meet the blade at more or less opposite points,
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The ornament consists of fine granules which may become fused into ridges
marginally and anteriorly, especially in larger specimens. '~ The ornanent
on the inner and outer sides is not necessarily the same. Aborally, the
unit has a large asymmetrical basal cavity, the centre of which is situated
at mid-length, The shape of the cavity is approximately triangular. It is
strongly expanded laterally at its anterior end, extending toward the
maximum development of the outer platform. Posteriorly, the expanded side
of the cavity tapers irregularly towards a point one quarter, or less of
“the total platform length from the posterior tip, in such a way as a fold
is often developed. The inner margin of the cavity is evenly arcuate.
The depression on the oral surface of the outer platfcrm corresponds to a
position immediately anterior of the basal cavity. The keel is grooved
anteriorly under the blade.-

Remarks: Po. nismi lies closest to Po. asymmetricus from which it
differs most obviously in its larger and strongly asymmetrical basal cavity. -
(see also Remarks under Po. a. ovalis). The platform shape varies frcm ones

very similar to Po. asymmetricus ovalis to others comparable to Po. asymmetricus

‘asymmetricus and even to Palmatolepis transitans. The lack of a well
differentiated azgous node excludes the new species from Palmatolepis and yet
the cavity is not dissimilar to Palmatolepis ?-disparalvea ORR and KLAPPER 1968,
a species which was questionably assigned to the latter genus also because of
its large asymmetrical basal cavity., Although Pa? disparalvea does not always
possess a well developed aspous node, it is characterised further by a well
developed lobe, coarser. ornamentation and the extreme development of the basal
cavity which also 1ies relatively further posteriorly than in Polyanathus nismi.

The genus Schmidtognathus ZIEGLER is by 'definition (Ziegler 1965, p., 661),
characterised by an asymmetrical basal cavity, though in fact only in the type
species S. hermanni and to a lesser extent in S. pietzneri, is such-a cavity
well exhibited. These differ from Polyonathus nismi in their slimmer,
syrmetrical platforms and longer free blades as well as in the relative shape
and position of the basal cavity. Furthermore, in "Schmidtognathus, the

lateral expansion of the cavity is central relative to the whole cavity rather
than anterior and it is not related to platform asymmetry.
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. An asymmetrical basal cavity is also a character Of'gg}'dissimilis

HELMS & WOLSKA,  This Famennian polygnathid is much slimmer.and has upturned
platform margins. Palmatolepis?  durnfordi sp. nov. has a cavity very similar
 though often more pronounced, than‘PolyqnathUS'nismi but differs in possessing
a usually markedly- sigmo1da1 carina, outer lobe and a coarser ornament; the
former unit is a]so thicker and more robust.

Specimens designated Po. dengleri by Sculczewski have a much broader

- platform than is typical of the species and some also have an asymmetrical

basal cavity. - They differ from most répresentatives of Po. nismi in'the ,
anteriorly upturned platform margins and also in the coarser ornament.

They may also be slightly older than the former.

Occurrence: Sample DS1, Durnford Street Plymouth.

“Elsewhere: - Sample 8, sect1on II, Saskatchewan Gap - the Maligne Formation
-(Some discrepancy exists here : Po1Tock 1968, pl. 62, figs. 28,29,35 =

_ U‘A Dv.1844, cites the Perdrix Formation, whereas on p.438 the two specimehs
-are noted as coming from the Maligne Formation. Since Section II does not
“appear elsewhere other than in relat1on to the Maligne Formation, this is assumed
correct.) ‘ ' '

~ Samples 4,5,7,9,28,29,31,33 (=51, 52, 54, 56, 23, 24, 26, 28 sensu Mouravieff,
personal communication) Nismes, Belgium, '

Samples H15, H33 Hon,Belgium; MRZ 7 Martouzin - Neuv111e, Belgium
Probes 9' and 11° Kansel profile, Graz, Austria (F]aJs)

A1l these OCCurrenceé appear to be in the Middle asvmmetricus Zone,

Sculczewski's specimens appear to come inrpart from the Lower asymmetricus Zone
- Wietrznia I (28, 52), and in part from the Upper asymmetricus Zone - =
Stuthowice (15). These are not,however,necessarily .referable to Po.aff.Po.nismi,

Mound's figured specimen clearly has an asymmetrical basal cavity.,thpugh'it may
be considered as transitional since this is relatively small, No.l well,
Calstan Winterburn, Duvernay Fm, (A. triangularis Zone) :
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The Polvonathus costatus Greup

In 1971, Klapper crec ted this group to include several forms

- characterised by a regularly curved outer margin, and a platform narrower

than the radius of this curve. Additionally, the posterior platform

bears an ornament of nodes (which may become transversely aligned or partially
fused) or ridges, which are separated by adcarinal grooves from a carina |
which extends at least into the posterior third of the platform. The aboral
surface of these forms is characterised by a small pit located about ha]fWay‘
between platform midlength apd the anterior end of the platform.  Thus
conceived, the group embraceé the following: -

Polvgnathus costatus patulus KLAPPER 1971
Polygnathus costatus costatus KLAPPER 1971

Polyanathus pseudofoliatus WITTEKINDT 1965

Polyanathus eiflius BISCHOFF & ZIEGLER 1957

The first three forms are considered to form a phylogenetic series,
the gradation being reflected both morphologiéa11y and stratigraphically.
The last two also grade into each other and are connected by Polyanathus aff.
Po. eiflius described by Klapper (1971, p. 63) from the New York Lower Middle
Devonian. ' ' ’

The Polygnathus costatus group differs from the Polyqnéthus 1inquiformis
group in the lack of transverse ridge developmént on the posterior platform.
As noted by Klapper (1971, p.62) it is not possible to dis stinguish all forms
of Polyqnathus Tirquiformis on the bas1s of the platform outline (see also
discussion of Polvanathus 11nqu1form1s qroup) Polyanathus linquiformis

cooperi has a similar outline and forms trans1t1ona] from Po. costatus patu]us

are. known.

Polyqnathus costatus costatus KLAPPER .
aff. Plate 9, figs. 11,12,15; Plate 14, fig.9

* 1971 Polyanathus costatus cost atus sUbsp; nov. - KLAPPER, p.63, pl.1
figs. 30-36; plate 2, figs. 1-7 (includes synonomy).
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Diagnosis:- A polygnathid of the Po. costatus group in which the carina is
continuous to the posterior end. The platform is widest in the posterior third
~and tends to be somewhat constricted near the anterior.end.

Remarks: Several, mostly fragmentry, specimens from a sample at Neal Point

may be related to Po. costatus costatus. This subspecies differs from Po. c.

- patulus in having an overall narrower platform, a larger éérina, narrower adcarinal
grooves, a more constricted anterior platform, and closer spaced, more numerous
ridges on the platform margins. The Plymouth specimens differ in having a
narrower platform and re1ative]yllitt1e outer Tateral expansion of the posterior
‘platform. A small form (p1; 9, fig.11) shows no curvature of the outer margin
whereas in 1arger'forms'this characteristic feature of the group is demonstrated.
A complete specimen (pl. 14; fig.9) has a blade with anteriorly inclined
denticles; this is also longer than in Po. costatus. |

. Occurrence: Sample NP15, MNeal Point, nr. Landulph.

‘Po1ygnathus pseudofoliatus WITTEKINDT
 Plate 10, figs. 1-10, 14, 17

. 1957 Polygnathus foliata BRYANT - BISCHOFF & ZIEGLER,p.90, p1.4, figs.1-4. |
p 1957 Polygnathus xylus STAUFFER - BISCHOFF & ZIEGLER, p.101,pl1.5,fig.11. '
. 1965 Polygnathus n.sp. - BULTYNCK, p. B70, pl. fig. 6a-b. 1 |
* 1965 Ppolygnathus pseudofoliata n,sp. - WITTEKINDT, p.637-8, pl.2,
figs. 20-23 (fig. 19 is transitional to Po. eiflius). |
. 1966 Polygnathus sp. nov. B - PHILIP, p.158-9, pl.2, figs. 4-9.
. 1966 Polygnathus xylus STAUFFER -~ BULTYNCK, pl1.2, figs. 3a-c.
. 1970 Polygnathus pseudofoliata WITTEKINDT-BULTYNCK, p.127-8, pl.14,
figs. 1,2,5,7,8 (non fig.3 = Polygnathus eiflius). | u
. 1970 Polygnathus pseudofoliatus WITTEKINDT - KLAPPER, PHILIP & JACKSON,
| p. 664, pl.3 figs. 7-19. L
;'11970 Polygnathus xyla STAUFFER-BULTYNCK, p1.15, fig.5 (only).
. 1971 " Polygnathus pseudofoliatus WITTEKINDT-KLAPPER, p. 63-4,p1.2, figs.8-13.
. 1971 Pélygnathus~p§gudofo1iatus WITTEKINDT - ORR, p.52-3, pl.4, figs. 18-22,
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Diagnosis: 'Polygnathid of the Polygnathus costatus group with a free blade
a third to a half of the total unit length and a platform which is
constricted anteriorly and bears transverse ridges or nodes. - -

Remarks: The Plymouth material includes a variation in platform outline , This
invo]vés“a-moderate (p1.10,fig.8) to a strong (p1.10,figs. 3,7) outer platform

flare, and a variation in the anterior platform margins from steep and opposed
(p1.10, figs.1,3) to strongly asymmetrical with the outer margin less sharply
inc]ined'downward (p1f10, figs. 4,10). Some forms have strongly denticulate
anterior platform margins bordering the deep adcarinal grooves (e.g. p1.10,

figs. 1,9). These latter two variations are comparable with those found in the
stratigraphically younger Po. varcus group. - A1l the studied specimens have a
nodose ornament on the flattened posterior platforms but the tendency to aliqnment
is oblique (p1.10,fig.6) or longitudinal (p1.10, fig.4),if at all, rather than
transverse, as Klapper (1971, p.63) has indicated. More often the nodes are
réndomTy distributed, but this is a relatively unimportant character of the form.

All the_specimens share adcarinal grooves which extend thé.full length
of‘thé platform but which are clearly sha]]owef posteriorly, the deeper
anterior grooves being ' due to the constricted, upturned platform margins.
This character distingdishes even small specimens of Po1yqnathus‘xy1us (see
remarks under same). The ontogeny of BQSpseudofn1iatus appears to involve
the lateral enlargement of the posterior platform, the establishment of a
continuous posterior carina and slight anteriorward platform growth resulting
in a pit which lies relatively further posteriorly (p1.10,figs. 14-8-3). The pit
in all the studied material lies further anteriorly than is typical of the
costatus group sensu Klapper (1971) (see diagnosis)._

In the spec1mens preserved with blades 1ntact the latter are about
of the total unit length and the blade denticles are highest a little =
poster1cr of the anterior end,

Po. pseudofo11atus 1ies closest to Po. costatus costatus wh1ch 1t
succeeds strat1graph1ca11y both in New York and in Belgium,
o : . The two are distinguished, according to Klapper
(197] p.63- 4),by the re]ative1y Tonger blade and greater anterior platform
constriction in Po. pseudofoliatus. S
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As discussed by K]apper (1971, p. 63)‘Egg'eiflius can only be maintained
if one uses the combination of both platform outline and rostral ridge
development in order to distinguish this form from the related Eg: pseudofoliatus,

Polygnathus strbngi STAUFFER'dfffers from Po. pseudofoliatus in the
symmetrical biconvexity of the posterior platform, .

Po, pseudofoliatus differs from the Late Devonian Po, dubius (fofmer]y
Po. foliatus)in it's wider platform, greater anter1or constriction and
re1at1ve1y Tonger free blade.. '

The distinction of Polygnathus xylus is discussed under that form,

Occurrence: Sample CR3, Cattewater Road, Princerock; Samples PS3, PS4,
Plymouth Power Station, Princerock; Sahp]es 44 (1), 44 (3), Teat's Hill Quarry,
Coxside, The form has been considered indicative of the late Eifelian to
early Givetian (e g. Ziegler 1973, p. 375). In Be1q1um it has been recorded
-mainly from Upper Couvinian levels and sporadvca]]y up to the varcus Zone

(1n Bouckaert & Stee1 1974). .

Polygnathus cristatus HINDE
cf. Plate 29, fig, 9

* 1879 Pd1ygnathus cristatus n,sp. - HINDE, p.366, p1.17, fig, 11.
. 1947 Polygnathus cristatus HINDE - YOUNGQUIST AND PETERSON,‘p.251, p1.38,fig.11.

. 1957 Po]ygnathus cristatus HINDE - BISCHOFF & ZIEGLER, p.86-7, p] 15,
 figs. 1-13, 165 pl. 17, figs. 12,13,

. 1964 Polygnathus cristata HINDE - ORR, p.13- 14 text.fig.4, pl. 3, figs.4-8,10.
1965 ° Polygnathus éristata HINDE - ZIEGLER (b),p. 670-1,p1.4,f1gs.17-23;

p] 5, figs. 1,2,5. -

1967 Polygnathus cristata HINDE - ADRICHEM BOOGAERD, p.184, pl1,2, fig.41.

. 1968 Polygnathus cristatus HINDE - ORR & KLAPPER, p1.139, figs.1-4, 8,9.

V. 1970 Polygnathus cristatus HINDE - KIRCHGASSER, p.346-7, pl1.63, figs. 3,7,10.
. 1971 Polygnathus cristatus HINDE - ORR, p.48, pl.6, figs. 1-2.

Remarks: A sing]e\fragment of a broad platform conodont corresponds closely
to Po]ygnafﬁus cristatus in the presence of Tongitudinally aligned, coarse

nodes.
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Occurrence: In Plymouth, sample H1, Hest Hoe, In Cermany, the form is
known from the base of the Upper hermanni-cristatus Zone to the top of the
*iddle asymmetricus Zone according to Ziegler.1971 (chart 3).

The “linquiformid" Group

- Considered together here are the mainly Middle fevonfan suite of
polygnathids characterised by a posterior process wh1ch is flexed downward
and inward and which ccmmon]y bears transverse rldges.

Apart from - Polvgnathus linguiformis subspp., one may include
the early Devonian forms Eé, dehiscens and Po, foveolatus and the Upper
Devonian Po. semicostatus and Po, brevis.  Po. cattedowni is newly described
from the Middle Devonian. '

The description of these forms utilises thé distinction made by Bultynck
(1970, p.126, footnote 1). This involves the distinction between the
posterior process - the tongue, and the anterior platform. Distinction is not
in all cases simple since the om sometimes passes imperceptibly into.the
other, and transverse ridge development is also variable.,  However, unless
qualified, the following descriptions use this distincticn, |

Polyanathus dobrogensis MIRAUTA ]970, described from North Dobrogea ,
Hungary, may be a related form. This 1is very similar to Po. linquiformis but
differs in lacking a tongue devel pment. Mirauta's line diagrams
(1970, p1.3, figs. 6-11) are very similar to juvenile spec1mens of
Po. linquiformis which also lack a tongue, but because there is no 1nd1cation
of scale, it is not possible to be sure that the form is a synonym.

Polyanathus paravebbi CHATTERTON 1974 has a very similar platform outline
but is characterised by a carina vhich extends (always) to the posterior tip.

e S 4 e

to some forms, but these ]ack the tongue dcve]opment.
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Polygnathus cattedowni n.sp.
Plate 17, figs.1-5

Diagnosis: A polygnathid with a linguiformid tongue, a high carina which rises
well above the flat platform, and a large, anteriorly situated pit with broad
and thickened margins,

:Description: The platform is alnost completely flat and has more or less
straight, parallel margins. - The anterior inner platform margin is less
sharply turned toward the free blade and meets it further anteriorly than

the outer, The outer platform tends to be broader than the inner, but both
demonstrate a large degree of variation both in width and in ornament. The

* latter may be absent of consist of marginal nodes, sometimes large and pointed.
There are shallow, relatively wide adcarinal grooves.  Posteriorly, the tongue
is constricted and flexed downward and inward (all to a variable degree).

The tongue is nearly as wide as the platform and tapers to a point in
narrow (juvenile ?) specimens but is bluntly rounded in larger forms. A few
specimens are Taterally twisted terminally. The ornament of the tongue is
variable but appears to always involve transverse ridges which are curved so
as to be convex posteriorward. The ridges may connect-marginal nodes and
may be interrupted by an incipient or discontinuous carina; short
intercalated ridges and nodes are common marginally.

~ The free blade is between one third and one half of the total unit
length and is deepest'at the downward arched anterior end. It bears 7-9
long, pointed denticles, highest and widest at the anterior end (except the
anteriormost one) and progressiwely smaller and lower posteriorly, The
denticles tend to be inclined posteridrward. Traced onto the platform, the
denticles become increasingly fused and lie lower, but nevertheless remain
well above the platform. In the smaller forms, the denticles of the carina
are relatively large and tend to persist further posteriorward, whereas the
carina of the large forms diminishes progressively and disappears near the

beginning of the tongue.
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Abora11y,'a pit is situated a little behind the anterior end of the
platform. This has wide and §11ght1y raised 1ips which extend half the
‘platform width on either side, and posteriorly to platform midlength or beyond,
A sharp keel is developed in the posterior part of the unit while anterior
of the pit, a furrow extends beneath the blade.

Remarks: The studied material includes two forms: narrow specimens with
strong tongue ornament and relatively large carina denticles, and broad forms
with a relatively subdued carina., These are thought to be, respectively,

' juvenile and adult ferms, théugh a gradational series is lacking, and so
additional material may indicate otherwise.

' This form-species is quite distinctive and confusion with other species
is unlikely.  Polygnathus linquiformis is clearly distinguished by its aboral
configuration., - Polyagnathus variabilis BISCHOFF & ZIEGLER is similar in some
respects but usually has a strongly reduced platform and no tongue deve]opment.
One specimen in particular ( pl1.17, fig.5) puts one in mind of Bglygnathus
Kockelianus BISCHOFF & ZIEGLER with its twisted aspect (possibly exaggerated
in this case by deformation), but the two are otherwise quite different. One
rotes however that Bultynck (1970, fig.16, p.122) considered Po. linouiformis
to have given rise to Po. kockelianus (during CQZC‘times) and records transitional
forms from the later Couvinian. The relative height of the fixed blade / carina
is similar to Po. angustipennatus (e.qg. Bischoff & Ziegler 1957, pl.2.,fig.18).

Occurrence: Samples PS4, Plymouth PoWer Station, Princerock; Samﬁ]e 20,
Gasworks Quarry, Cattedown. Polygnathus cattedowni is found in what is
cors1dered to be an obliquimarginatus Zone association.

Polygnathis linguiformis HINDE 1879
Plates 18-24 (partim)

* 1879 Po]yanathus 11nqu1form1s n.sp.~HINDE, p.367, pl.17, f1g. 15.

Original description (cf Hinde 1879 p.367)-
)"Plate elongate, one extremity produced into a tongue-like projection,
bending downwards; the sides of the plate curving upwards forming a central
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trough, from the bottom of which the keel (read carina) rises beyond the
sides of the plate and has an expanded crenulated crest (= blade). The
anterior tongue-l1ike projection has several strongly marked transverse
ridges; the lateral surfaces have a few scattered tubercles.”

D1scuss1on Hitherto, four subspecies of Po1ygnathus'1inguiformis have been

recognised

In 1965, Wittekindt erected two subspecies (herein given form-specific
status - see on), Po. 1. mucronatus was character1sed by the lack of transverse
r1dge ‘development on a strongly reduced tongue and Po.l.transversus was unique

in possessing diagonal rows of nodes on the anterior platform. Eg_l_linguiformis
was maintained as corresponding to Hinde's original concept. Philip and

: dackson (1967) recognised three subspecies, including the nominate subspecies,

and stressed the differing aboral configurations and the mid-p]atform cross-
sections. Because of the very different nature of the former character

in the two new forms, Klapper (1969, p. 13,15)- elevated Po, fovealatus and Po.
dehiscens to spec1f1c level, The trough shaped outer platform noted by

Philip and Jackson (text, flg. 3c) remained an essential character of Po.l,
lingquiformis.

In 1970, Bultynck distinguished three morphotynes of Po.l.linguiformis:
°<,,j s and 'K .  These differed in a number of respects, including the
degree_of curvature of the outer border and relative flatness of the platform,

Po.1.cooperi was established by Klapper (1971) for forms with much
flattened platforms, curved outer margins and tongues with relatively
irregular transverse ridge development.

. The worhhoTogical variation of "Polygnathus linguiformis” has been
repeated]y noted in the 11terature. Stauffer (1940, p.430) mentioned that
the "plate varies in depth and steepness of the sides" and Stewart and Sweet
(1956, p.271) wrote of the “"considerable variation in length, degree of
aboral deflection, and amaunt of twisting of the posterior process".  More
recently Polster ( 1969, p.423-4, text fig.1) demonstrated the variability .
in the oral configuration of the tongue. Consequently it is to be expected
that some subdivision is possible and, as BUltynck (1970) has shown,
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stratigrephically valuable. However, an analysis of the current form
taxonomy of this large group reveals an unsatisfactory situation involving
inconsistencies and contradictions, partly unavoidable and inherent in

the nature of form taxonomy, but capable of clarification and improvement,

" The difficulties stem in part from Witteandt s original division.
The 111ustrat1ons of his three subspecies indicate that they have very
Tittle in common, sharing only a downward and 1nward def1ected posterior
portion and a similar aboral pit development, Fortunate]y the latter
character can be used to rule out frbm‘further discussion forms which
belong to the larger grouping of 1inguiformids - i.e. Po, fovealatus, ‘
Po. dehiscens, Po. cattedown and Po. semicostatus. However, given that
a carina is developed in some forms of Po. lincuiformis there is an.
immediate difficulty in excluding from this concept, forms with similar
aboral configurations and platform outlines, e.g. Po. parawebbi. In
possessing a posterior_cafina, EQ,;}, mucronatus sensu Wittekindt is
perhaps the most atypica]-subsﬁecies, but to exclude from Po. linguiformis
forms with carina development would also invo]Ve, in part, Po.l.cooperi.

IS

Since a flange-like outer platform margin is typical only of the 7
nominate ‘subspecies (and not even all the morphotypes), there remains 1little.
genera]vcriterion for the group identity in Hinde's original concept. To
exclude all forms other than Po. 1. linguiformis from the species would
appear to be rather negative as it doesn't provide for any of the
relationships which clearly exist. The Plymouth material includes forms
which are considered to be clearly related to Po. 1. mucronatus sense
Wittekindt but which do display distinct transverse ridge development.
Consequently, aroup identity can be maintained by a diagnosis (see on)
embracing subspecies which involve transverse ridge development,

Within Po. 1, linguiformis, a similar difficulty is met with, A
diagnosis involving flange-like development of the outer platform margin
excludes the o< morphotype'of Bultynck. There appears to be no other
character of the present three morphotypes which hold them together and
distinguish them from the other forms of Po. 1inauiformis. Po. 1. cooperi
in common with the o< morphotype, has a relatively flattened platform
and a curved outer border. Having noted th1s 31m11ar1ty, the author has

considered that these two forms should, perhaps ‘be related, perhaps as
~separate subspecies. Thus Po.l. linauiformis would also have a more precise
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meaning and, ih fact, correspond exactly to Hinde's original diagnosis.

Until an examination of further material is possible, one has decided

to leave this for the moment. In any case, it would seem appropriate

~ to give Polygnathus linaquiformis a high taxoromic status in order to provide-
for the wide range of stratigraphically meaningful variations without
resorting to morphotype differentiation of subspecies. A higher taxon
relating the "linguiformid" group might also be desiratle. For the

moment, besides clarifying the relationships within the group, a preliminary
step in this direction is necessitated by the concurrence of "subspecies"

of Po. linguiformis in the‘same fauna (see Foreword on Taxonomy).

The Po]yqnathué linguiformis Group

. This group includes relatively elongated polygnathids with the

. posterior part of the platform bent downwards and inwards. This part,

the tongue, typically bears transverse ridges, though some species

" embrace forms with carina development. - The aboral surface is characterised
by a small pit situated in the anterior half-of the platform, '

-

" Thus defined, the concept embraces the following forms:

Polygnathus linauiformis cooperi KLAPPER 1971
Polygnathus linguiformis linquiformis HINDE 1879

o< morphotype BULTYNCK 1970

J3 morphotype BULTYNCK 1970

J morphotype BULTYNCK 1970
Polygnathus linguiformis group nova forma 1
Polygnathus linguiformis group nova ferma 2
Polygnathus mucronatus WITTEKINDT 1965

- Polygnathus serratus . .n.sp.. '

Polygnathus transversus WITTEKINDT 1965

Polygnathus dehiscens PHILIP & JACKSON and Polvanathus fovealatus PHILIP
& JACKSON are distinguished by their much enlarged basal cavities and,

in the latter, the more posterior position of the pit. Polvgnathus
cattedowni ' n. sp, also has a very different aboral development with a

large "swollen" pit near the anterior platform margin. The Famennian’
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homeomorph Polygnathus semicostatus BRANSON & MEHL is very similar to
some forms of the Polygnathus linouiformis group from which it is
distinguished most readily in the form of it's basal cavity, this
appearing as a slight depression in a thickened part of the keel,

Forms with a sometimes comparable p1atform outline - Polyanathus
~ parawebbi CHATTERTON, Polygnathus costatus KLAPPER, Polygnathus webbi
STAUFFER and. Polygnathus dobrogensis MIRAUTA are distinguished by their

lack of transverse ridge development poster1or1y.

Morphological variabi]ity. _Within the group, morphological variability

is great and the above divisions may be somewhat artificial in being based ,
on the extremes of this variability. Also involved is an assessment

of the relative significance of the various characters for taxonomic
differentiation, a]ways difficult and unavoidably biased toward the mater1al
under study. Furthermore, the subdivision here proposed involves form
species only. lthile it is acknowledged that a mu1t1e1ement‘taxonomy may
eventually modify these divisions, it is thought that, particularly from

a stratigraphical point of view, they are of value in providing some
distinctions within what may be an essentially intergrading complex.

The morphological variation involves the following characters:
relative length of the tongue vs, platform; degree of downward and inward
deflection of the tongue, particularly as manifest in the course of the
outer border; flatness of the platform and obversely the persistence
of an outer platform trough and flange development; the ornament and
profile outline of the platform margins; degree of constriction of the
tongue; degree of taper and oral, lateral and terminal outline of the .
tongue; development of transverse ridges on tongue; size and height of.‘*;;;
blade denticles; persistence of carina and position of its termination;
relative size of pit and degree of anterior furrowing aborally. The
thickness and general robustness of the units if also variable, though
this provides one of the most constant features within the recognised :

L4

subspec1es.

" In a study of morphologi @l variability it is useful to consider
a “central morphotype". Po. 1. linguiformis X" morphotype is the
most suitable such form and the variability considered with respect to
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this has many parallels with that described by Dreesen & Orchard (1974)
for Po. éemicostatus; thes e authors recognised seven trends, in
addition to the central type - morphotype 1. Following their enumeration
thus:- :
Trend 2 involves the'irregular splitting of the transverse ridges
of the tongue (e.g. p1,19, fig.4; pl.22, figs. 1.5). The course of
the ridges my be straight, curved or chevron-shaped.
~Trend 3 involves the constriction of -the tongue at the poster1or
end of the platform. This may be exaggerated by lateral flare of the
‘ platform (e.q. p1.22, fig.7). It is one of the principal characters
of Po. mucronatus (e.g. pl. 23, fig. 5); at the other extreme we have
Po.1.cooperi, _ . : :
Trend 4 involves the fusion of marginal nodes with those of the carina
to form irregular transverse ridges (e.g. p1.18, figs. 13,17).
| Trend 5 involves the upturning and thickening of an anterior platform
© _margin into a pseudocarinal crest. True rostral development is occasionally-
- developed. The inner platform of gg,l,lﬁnauiformis commonly shows this
‘trend, and it is evident on either or both sides in Po. serratus. - Po.
transversus bears true rostral ridges. '. | )
Trend 6 - A pathological disturbance is as probably responsible for -
those forms in which the carina deviates from its normal course and ends
at or near the platform margin, though Po.1.linguiformis ©< morphotype
‘is characterised by a carina whith terminates very near to the inner
margin. A11 members of the Po. lwngu1form1s group. have a carina which
11es nearer to the inner side.

' Trend 7 involves the asymmetrical thickening, widening,ahd flattening

of the platform margins. (e.g. p1.19, fig.4; pl.22, fia.8).  Lateral

thickening of the platform margins is a trend associated with the robust

nature of the ornament in Po. mucronatus. The platform of Po.1.cooperi

and Po.1.nova forma 1 is flattened without being thickened, whereas that of

Po.1. nova forma 2 is both flattened and thickened. '
Trend 8 involves the development of an incipient carina on the

tongue. Dreesen and Dusar (1974) separate those specimens with a

true carina development as a new species (Po.sp.a).”  In Po.l cooperi,

Po._mucronatus and Po. serratus, a carina may be variably developed.

(e.g. p1.23, figs. 3,5,6; pl.24, fig.6). A weak incipient carina is

sometimes present on the anterior part of the tongue in Po.l.linguiformis .

(e.g. pl.21, fig.7,8,10), but within the revised concept of this subspecies, .
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no specimen has been observed with a true carina development though such
is not excluded.

Another trend in "Po.linau iformis" appeérs in the literature,
i.e. a tendency for the platform to be anteriorly restricted with
respect to the laterally flared posterior platform (e.g. Ziegler 1956,
pl.7, figs. 11,12; Bryant 1921, p1.11, figs.7,8). Such a platform
outline also character1ses Po. garawebb i and Po.l.cooperi (see also
p] 18, f1g 16) '

within the_group theaﬁroposed division is based on the form of
the platform, as distinct from the tongue, and the nature of the passage
of the one into the other. The oral configuration of the tongue 1is
not here considered of primary importance, though its relative length is
probab1y significant.

, Juvenile specimens of "Po. linquiformis" are fewer in number than

adult representatives in the Plymouth faunas. Although théy exhibit some
variation, all have some features in common. ' Early growth stages" |
(e.g. p1.18, figs. 3,4,7,8) are characterised by a very small or absent

tongue development and consequently a carina which persists to the

posterior end. - The inner platform is very reduced,'and the pit is relatively
large and situated near the anterior platform margins.

~Klapper and Phillip (1971) and Chatterton (1974) have described the
multielement Polvqnathus linauiformis. This involves the type 1
apparatus of Klapper and Philip (see Foreword).One will notice that. the
compound elements illustrated by Chatterton (1974, p1.2, figs. 15-21) are
somewhat more "bar like" than those figured by K]apper and Philip (1971,
fig. 2, p.432).
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Polyqnathts Tinauiformis cooperi KLAPPER

* 1971 Polvanathus linauiformis cooveri subsp.nov. KLAPPER, p.64
pl.1, figs. 17-22; pl.2, fig.21. (includes synonomy).

Ciagnosis: Ferms of Po1yqnethls Tinguiformis in which a flange-like
outer margin is not developed. - The platform is consequently
relatively flattened. The outer margin of the platform meets that of
the tongue in a curve. The tongue bears a variable development of

transverse ridges.,

Remarks: This diagnosis, essentially unchanged from Klapper's original

would seem to embrace Po.l.linguiformis < morphotype BULTYNCK

since this form is also characterised by a smoothly curved outer border'

and a platform lacking the flange development of the outer margin,

These features may relate the morphotype to Po.l.ccoperi rather than to

Po‘1 Tincuiformis, which it would thus be tending toward. Similarly

the specimen figured by Klapper (1871, p] 3, figs. 13 14) as Po.1.1lirguiformis

X morphot/pe ("unusua] specimen with a round outer margin") may also
be related and one notes ‘that the outer platform margin of this spec1men
is equally, if not more, flattened than the ho]otyne of Po.l.c ooger1
(Klapper 1971, pl.1, fig.17).

Po.1.linguiformis OX morphotype has a 1imited range within the
Eb1g1an Couvinian (rare in Co1c, Co 2b1- Il" i.e. within the corniger
Zone It is alsc recorded from the New York succession by Klapper who
found it atove his first polygnathid fauna'which vas characterised, in
part, by Po.1.cooperi. This latter fauna is considered to be equivalent
to the upper part of the corniger Zone (see zonation review), so the

ettt crattn.

C< morphotype would appear to range above this latter zone in New York;
both are, however, low Eifelian/Couvinian species.

‘Some specimens from Plymouth - from the varcus Zone - are also
characterised by an evenly curved outer border and relatively flattened
platform, These have a greater tongue development however and in any
case clearly have a different Stratigraphical meaning (see Po.1.nova forma 1),
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‘The relatively flattened platform and the evenly curved outer
border distinguish Po.1l.cooperi from most other members of the group.
Po.1.transversus has a similar platform outline but bears rostral ridges.

Polygnathus lingquiformis 1inquiformis HINDE 1879

" Plates 18-22 partim

Diagnosis: A subspec1es of Po1ygnath05 linguiformis with a _

trough- shaped outer p]atform resulting from a strongly upturned flanqe-
like margin. The inner platform is relatively flattened at mid Iength
Jjust anterior of the strongly downward and inward deflected tongue,

the outer margin-.of which is usually clearly differentiated from that of
the platform. - The carina term1nates at, or near the first transverse
ridge of the tongue. ‘ '

Remarks: The above diaquosis gives the subspecies a more precise meaning
than hitherto. Of the three morphotynes recoqn1sed by Bu1tynck the
Couvinian forms o< and /3 deviate s]1qht1y and are considered as atyp1cal
It may be that they should be given subspecific status and/or related to
other members of the Polygnathus Tinquiformis group- (see also Remarks

“under Po. linquiformis). If they were, the }{ morphotype would be the
only representative of Po.l.linguiformis and the latter concept could be
considered as equal to the former, as it was originally. To take the
~conjecture further, if Eg,l;coogefi were to be given specific status,

Po. linguiformis would be reserved for the Eg,l,]inguiformis. Hinde's
.original Po. linquiformis does appear to correspond -to the X' morphotype
of Bultynck. The value of such a revision>can only be assessed after

the study of further material however, For- the moment, Eg,l,linguiformis~
~is retained to embrace‘Bu]tynék's morphotypes, only one of which,

the "K , is represented in the Plymouth faunas.

The /3 morphotype BULTYNCK 1970 (p.126, p1.10, fias. 3,6-8) is
characterised by a short, broad and somewhat flattened platform, relatively
Tow in the inner anterior part, and a laterally expanded outer platform
margin abruptly turned posteriorly toward a short tongue. It has a
very limited stratigraphi @l range in the Belgian Couvinian, being found
found only in the interval Co2bII.  See under Po.l.cooperi for details |
of the O<  morphotype.
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Po._mucronatus differs in the more symmetrical development of the
outer and inner platform margins, in the usually strongly constricted tongue

/and the occasional persistence of a carina to the posterior tip.
Po. transversus differs in its flattened platform and in the presence of

rostral ridges.

Po.1,cooperi also differs in the former respect, in the

short tongue development and, in common with Po.l.nova forma 1, in the
evenly curved outer platform margin.
platform and tongue and coarse marginal ornament.

P]ate 18 figs.1,2,4-6, 9,10,13; P1.19, figs., 3,7-12;

Po.1.

forma 2 has a flatter, more robust

i morphotype BULTYNCK

P1.20, fig.6;

pl.16, fig.16.

Pl 21, figs. 1-11; P1.22, figs.1-6
* 1879 Polyanathus linguiformis n.sp. - HINDE, p.367, p1.17, fig.15.
p 1921  Polygnathus lincuiformis HINDE - BRYANT, p.25, pl.11, figs.1,3,4,6.
1934  Polyanathus linguiformis HINDE - HUDDLE, p.95-6, pl1.8, figs. 4,5.
1938 Polvgnathus sanduskiensis n.sp..- STAUFFER, p. 438,'p1 53,figs.27,36,37.
1940  Polygnathus sanduskiensis STAUFFER - STAUFFER, p.430,p1.60 f1gs 82,89,
. 1956  Polygnathus linquifermis HINDE - HASS, pl.4, figs.16,17.
.+ 1957  Polygnathus linguiformis HINDE - BISCHOFF & ZIEGLER, p.92-3, pl.1,
figs.1-3,5-9,12-3; pl.16, figs.34, 35; pl.17, figs.1-4.,
. 1957  Polyanathus linguiformis HINDE - RHODES & DINELY, p.365-6, pl.37,
figs. 17-19, 21. o -
. 1959 = Peolyanathus linguiformis HINDE - HASS, Pl . 50, fig. 11. ‘
. 1960 Polygnathus linquiformis HINDE - SPASOV, p. 71, pl.1, figs. 17,18,
1962 - - Polygnathus linguiformis HIMDE - REICHSTEIN, pl. figs. 17,18,
. 1962 Polygnathus.linquiformis HINDE - BARTENSTEIN & BISCHOFF, p.47, pl.3,
~ figs. 18, 7 19, 20, | \(on1y).
. 1963 Polygnathus linquiformis HINDE - SCHRIEL & STOPPEL, p.87, pl.3, fig.11
1964  Polyanathus 1inquiformis HIMDE - ORR, p1.16,18, pl.4, fig.8.
. 1965 Polygnathus lincuiformis HINDE - BULTYNCK, p.B68-9, pl.fig.3.
. 1965  Polvanathus linauiformis MINDE - ZIEGLER, (2)p1.1,figs. 7,10 (only).
. 1967 - Polygnathus linguiformis HINDE - CLARK & ETHINGTON, p.62-3, pt.7, fig.10.
. 1867 Polyonathus Tinouiformis HINDE - WIRTH, p.229, pl.22, figs. 3,4,
. 1969  Polygnathus linguiformis linguiformis HINDE - PEDDER, JACKSON & ELLENOR,



. 1969  Polyanathus linguiformis 11ngufformis HIMDE - KLAPPER, pl.6, figs.31-34.

. 1970 * Polvegnathus lirquiformis lirquiformis HINDE § morphotype nov.
- BULTYNCK , p.126-7, pl1.11, figs.1-3,6; pl.12, fios. 2,3,5.
. 1971  Polyanathus lincuiformis linquiformis PINDE - SCHUMACHER(a), p1.10,fig.11,
.1971  Polyanathus linquiformis HINDE X’ morphotype BULTYNCK- KLAPPER,
p.64, pl.2, figs. 18,19,22-27, 30-40; pl.3, fig.15,
. 1971 Polvanathus lincuiformis HINDE - UYENO & NORRIS, p1.3,fig.10 (only).
. 1971 Polvonathus lincuiformis linquiformis HINDE - ADRICHEM BOAGAERT,
, p. 184, pl.2, fig.44 (only). o
.- 197 EQIyqnazhgg;Tincuiformis linquiformis HINDE- ORR, p.51,p1.5,fia.3.
1974 ~ Polygnathus Tinguiformis linguiformis WINDE - CHATTERTON, p.1472-3,
~ pl. 1, figs. 20 - 24, |

Description: This morphotype is charaéterised by the flange-like development
of the outer platform margin which is regularly upturned so as to produce a
trough extending the full length of the platform.  In contrast, the inner
platform, which is somewhat shorter, is sharply upturned in the anterior
half so as to produce a deep adcarinal groové; but flattens out completely
posteriorly. Typically, the outer platform margin-is straight but may be
slightly undulose and/or finely serrate, the ornament, if present, consisting
of numerous fine perpendicular ridges which disappear rapidly toward the carina,
The innerlplatform bears a high, usually serrate, ridge anteriorly which tends
to 1ie subparallel to the fixed blade or converges towards it in a fashion'
suggestive of a rostrum. The flattening of the posterior portion of the
inner platform is accompanied by a lateral expansion, occasionally extreme,
which produces a convex border. The oral surface.of this portion of the
platform cemmonly bears~node§ randomly distributed and occasionally fused into
irregu]ar'ridges. o ' '

‘The flat tongue varies between a third and a half of the total platform
and tongue length, and.is clearly differentiated from the platform by a
downward and inward deflectiom. The degree of deflection is variable, as
is.the length, terminal sharpness and regularlity of the taper. ' 1In '
obligue side view, the outer border of the unit is angular at the platform/
tongue junction and this point is often marked by a postero-lateral expansion
of the platform inmediately anterior of the tengue. This point marks a
change in the oral ornament. Transverse ridges appear in the central-part
of the platform in which the carina is only incipiently developed, if at all.
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The course of the inner platform margin changes immediately posterior

of the flattened nodose part and thereafter transverse ridges cross the
entire width of the tongue. The ridges may be straight, sinuous or
chevron shaped and may be continuous or irregular and broken. A true
carina is never developed.

A free blade is a little over a quarter of the total unit length
and bears up to nine laterally compressed, pointed denticles fused to near
their tips. The posterior three, immediately anterior of the platform
margins, are typically higher and much larger than the others which diminish
in height and sizé to the éniérior’ehd, thus producing, in profile, a
regular upward conVexity; Traced on to the platform, the denticles decrease
in size, height and discreteness posteriorward, extending into the posterior part
of the platform (s.s.) as a row of Tow, fused nodes which always 1ie nearer °
to the inner margin, and which terminate at the anterior end of the tongue.

The aboral surface of the morphotype is characterised by a small
triangular pit situated at mid-platform length. Posteriorly a sharp keel
extends to the posterior tip of the unit, while anter1or1y a narrow furrow extends
on to the unders1de of the blade.

RemarkS:‘ Thus described, the morphotype has a more precise meaning than
previously but nevertheless it remains the most commonly figured form of
Polygnathus linguiformis in the literature, as the synonomy 1ist demonstrates
(only those forms clearly belonging here are included). The concept still
embraces a wide range of morphological variability as is demonstrated in the
description and plate fi qures. |

Within the Plymouth material it has also been observed that pseudorostral
development in the inner anterior platform, lateral expansion of the posterfor
inner p]atform'and nodose .ornament of this latter part, is more commonly found
in high Givetian forms. - On the othe hand, short transverse ridges may be
encountered on the posterior inner platform in low Givetian (and earlier) forms
which may also have a sharper, more abrupt tongue.deerction on the outer
side. It is not known whether these observations are applicable elsewhere.
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-Polvanathus linguiformis forma nova 1
Plate 23, figs. 6,7 -

aff. 1965 Po1y§hathus ]inguiformis Tinguiformis HINDE - WITTEKINDT,
‘ - - p. 635-6, pl.2, f1g 1. , :

aff. 1971 Polygnathus ]1ngu1f0rm1s linguiformis HINDE 5 morphotype BULTYNCK
- KLAPPER, p. 64, pl1.3, figs. 13-14 (only).

Pescription: Forms in vhich the platform margins are regularly curved and
relatively flattened. Platform ornament consists of strong transverse ridges
which extend a1most to the carina from which they are separated by shallow
adcarinal grooves. The ridges continue on to the tonaue which is about equal
in Tength to the platform from which it is not well dlfferentlated An
1nc1p1ent carina is developed in one specimen.

Remarks: Several specimens from Richmond Walk belong to this ‘new form. They
lie close to Po.l. linauiformis o< morphotype from which they differ in so
-much as the carina of the latter terminates very near to the inner platform
margin. Po. linguiformis cooperi differs in having a smaller tdngue
development and a laterally expanded outer platform margin (similar to the

.Eg. costatus group and Po. parawekbi) - In other respects this form resembles
the above two, but it clearly has a different stratigraphical meaning. The
.specimen illustrated by Klapper has a very short tongue and a much flattened
.platform (see also Remarks under Po.l. cooperi), but one wishes to make the
comparison here, .

Occurrence: Sample 28, Richmond Walk. Varcus Zone association. Mittekindt
i1lustrates a comparable specimen from what may be a comparable level,
certainly Givetian at least (Benner Quarry, Bicken - unspecified level),
Klapper's specimen is from the Early Middle Devonian, :
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Polygnathus 1ingu iformis nova forma 2 ”
P1. 20, figs. 1-5; aff.P1.18, figs.11,12,17,19

1956 Polygnathus linguiformis HINDE - ZIEGLER, p.103-4, pl.7, figs. 15-18(only),
. 1957 . Polygnathus 1inguiformfs HINDE - BISCHOFF & ZIEGLER, p.92-3, pl.1,fig.4;
- pl.16, figs. 32,33; pl.17, figs. 5,6 (only).
1962 Polygnathus lingquiformis HINDE - BARTENSTEIN & BISCHOFF, p.47, pl. 3,
- fig. 20 (only).
.- 1965 Polygnathus 11rgu1form1s 11nqu1form1s HINDE - WITTEKINDT, p 635-6,
- pl.2, figs. 10,12 (nan-fig. 11 = Po.1.forma nova 1).
1965 . Polygnathus linquiformis HINDE - ZIEGLER (a), p1.1, figs. 8,9.
aff.1969 Polygnathus 11ngu1form1s HINDE forma nova - PEDDER JACKSON & ELLENOR,
‘ p.259,266 , pl.16, fig. 17.
aff.1970 Polygnathus linguiformis 11nqu1form1s HINDE X' morphotype nov., BULTYNCK

p. 126 7, p1.12, fig 1 (only)

Description: Forms of 'Bg} linguiformis characterised by an ornament of coarse
transverse ridges which ‘extend to near the carina, and which producé a distinctly -
serrate outer platform margin, The inner platform a]so bears a coarser ' ;
ornament. The tongue is tumd strong]y downward and 1n mature forms 1is
thick, broad and equal in length to the platform. The transverse r1dges of
the tongUe is not generally marked by a distinct change in the curvature of
the outer border but rather by a chang 1n the marg1na1 ornament.  Aborally,
the pit is relat1ve1y 1arge amd the keel w1de1y furrowed anter1or1y. S

. Remarks: A few small specimens from P1ymouth (p. 18 figs. 11, 12 17) are

| thought to be juvenile forms of this morphotype, which is not a late growth
- stage of other forms. Included together are spec1mens from several
different strat1graph1c31 levels. It may be that further subdivision will

be possible.

In the thickened platform margins and robust tongue, some forms
(p1.20, figs. 3,5) approach Pa.1. forma nova illustrated by Pedder et al.

" from the late Givetian. Specinmens which are most readily comparable with
the Plymouth material from the varcus Zone (p].ZO, figs. 1,2,4,7) are those
illustrated by Bischoff & Ziegler, Wittekindt, Ziegler and Bartenstein and
Bischoff - which mostly come from a comparable level. A single specimen
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illustrated by Bischoff & Ziegler (fig. 4) comes from the U. Eifelian
Gunter8der Lst. but is quite similar. Bultynck illustrated a Couvinian

form which is transitional in a sense from his.X morghotype.

Apart from the stronger ornament, this form differs from Po.1.linquiformis
the nearest member of the group, in the thick tongue with its regular )
transvérse ribs which tend to "curve around" it, the sometimes thickened
platform margins, the greater regularlity of the outer platform margin and,
in the Plymouth specimens, in the size of the basal cavity and degree of
anterior furrowing. (Compare pl. 20, figs. 1 and 6). In this latter

- respect, they are ﬁearer to Po. mucronatus and Po.serratus , which differ in
the stronger marginal ornament and posterior constrictions of the tongue.:

Occurrence: Samples 20, Gasworks Quarry; 32, Mutton Cove.

-Polyanathus mucronatus wITTEKINDT“
Plate 23, figs. 1,3,4,5

p. 1957 Polvgnathus lirguiformis HINDE - BISCHOFF & ZIEGLER, p.100
pl.17, fig.8; pl.19, fig. 18 (only);(?p1.16, figs.30-31, juv.).
* 1965 Polygnathus linguifomis mucronata n.subsp. - WITTEKINDT,
p. 636, pl.2, figs. 13,15, - -
. 1967 _Polygnathus linguiformis mucronata WITTEKINDT - ADRICHEM BOOGAERT,
p.184, pl. 3, fig. 2.

aff. 1967 Polygnathus lincuiformis ssp.~WIRTH,p.229,01.21,Fig.26:p1.22,fig5.1,2.

. - 1969 Polyanathus linguiformis mucronata .. WITTEKINDT - POLSLER, .
. s p. 424, pl.3, figs. 1 - 3. _ ' SRS
non 1971 Polygnathus Yingui formis mucronatus s.1. WITTEKINDT - UYENO & NORRIS,

pl. 3, figs. 4a - b (= Polyanathus parawebbi),
non 1972 Polygnathus linguiformis mucronatus WITTEKINDT- MCGREGOR & UYENO,
pl. 5, figs., 22,23.

Description(revised): A rather robust Tlinguifcrm polyagnathid with coarse
marginal platform ribs separated from the carina by rarrow adcarinal grooves.
The tongue is strongly constricted and reduced to a variable degree. A

carina may be developed posteriorly.
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Description: The platform is thick and marginally upturned. The sides

are steep and strongly serrate. Coarse ridges extend perpendicular to

near the carina from which they are separated by narrow adcarinal grooves.'

The latter do not deepen greatly anteriorly but are rather fairly constantly
developed throughout. The outer platform is both wider. and longer than

the inner platform but both sides are otherwise similar in development. The
outer platform margin, traced from the anterior end, is more or less straight
initial]j‘but is strongly deflected inwards at a péint taken to be the beginning
of the tongue. The inner margin is more regular, but the constriction of

the tongue is usUal]y evident,

The tongue is between one third and one half the total (platform and
tongue) length and tends to be very narrow, pointed and rather thick with an
oval cross section. The tongue déve1opment is rather variable: in forms
with more strongly reduced tongwes, the latter has subparallel sides, while
in others the taper is stronger. Typically, the-tongue Tacks continuous
transverse ridges but bears a cariné However, other forms, here included,
bear regular transverse ridges development and intermediate types with both
a reduced carina and interrupted ridges are represented.

The free blade is about equal in length to the tongue and bears 6 - 9
sharp, oval (in cross section) denticles, which are Tongest and highest at
the mid length of the blade. - Traced posteriorly, the fixed blade ¢continues
as a low fused carina which may extend to the posterior tip with 1ittle
change, - Alternatively, the carina may be represented postericrly by a row
- of discrete nodes, which may or may not extend onto the tongue, or,
in an incipiént form, as a narrow . longitudinal ridge. By virtue of the greater
development of the outer platform, the carina tends to 1lie nearer to the
inner margin. | | '

Aborally, a thick lipped, slightly asymmetrical pit is situated a little
anterior of the platform (minus tongue) mid -Tength. A sharp keel extends
posteriorly, wh115t anteriorly, a relatively wide furrow with (in common with
the p1t) somewhat raised edges, can be traced onto the underside of the b1ade.

‘Remarks: Wittekindt's subspecies is herein raised to specific .level for
reasons mentioned previcusly. The concept of Po. mucronatus is also
broadened to include forms both with and without a carina, and conversely
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without and with continuous trans erse ridge development posteriorly.

This deviates somewhat from VWit tekindt's concept of the form but brings
together specihens, from the samé.popu]ation, which are clearly related in
their general robust nature, platform ornament and in their cross section.
These characters, perhaps surprisingly, are the most constant features of
the units whereas the carina development and general outline is not.

(see also remarks under Polygnathus linguiformis).

Occurrence: Sample 36, Mount lise; cf. Sample 28, Richmond Walk.

This subspecies has a limited range in the uppermost Givetian. Wittekindt
recorded it from the varcus and transversus Zones, and the other examples are
from comparable levels in Europe. - According to Ziegler (1971, Chart 2),

the (unspecified) "subspecies" is indicative of the upper part of the.

varcus Zone.

In Spain: Probe 112, 115, Quinto Peal (Wirth)

, Sample CAL4, Gildar-Montd area, Cantabrian Mts. (Adrichem Boogaerd)
In Austria: Probe 5/104A, E/124P, Findenig, Carnic Alps (Polé]er)
In Germany: Meggener Lagerkalk, Fhenish Schiefergebirge (Bischoff &1Ziegler)

_Polvanathus serratus n. sps
P1. 23, fig.2; P1.24, figs.6,7

Diagnosis: Polygnathid with general linguiformid shape but differing from
other forms in possessing coarse tuberculate marginal ornamentation separated
from the carina by adcarinal,grooves which deepen anteriorly.  There is no
trough devé]opment. A posterior carina may be developed.

Descriptioﬁ: Unit is typically el mgate and narrow with a clear distinction
between an anterior, somewhat flat, platform and a posterior downward and inward
deflected tongue. The platfcrm is narrowest at the anterior end wherenit's
margins aré'strongly denticulate, relatively steep and separated from the fixed
blade by deep adcarinal grooves. Posteriorly, the platform marginé flatten

out and the cuter platform in particular is much breader reaching its maximum -
development a Tittle anterior of the abrupt deflection which marks the

beginning of the tongue. The ornament of the outer platform is marked by
elongate nodes or tubercles tending to ridges which 1ie a little in from the
margins and are separated from the carina by shallow adcarinal grooves in the
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posterior part of the platform, The same 15 true,-though to a lesser extent,
for the inner platform,

The tongue is between a quarter and a third of the complete (p]atfdrm
and tongue) length. This is narrow and tapers progressively to a point.
The ornament varies from somewhat irregular transverse ridges with no carina
extension beyond the platform (p1. 24, fig.7), through a form (p1.23, fig. 2)
with transverse ridge development punctuated by an incipient carina, to a form
(p1.24; fig. 6) in which the carina continues uninterruoted as a row of
fairly discrete nodes and in which there is no cross-ridge development, but
rather irregular marginal nodes (if at all).

The blade(only preserved in one spec1men) is deepest anteriorly and
bears seven sharp denticles of approximately uniform size and height (except
_ for the anteriormost) fused to near their tips. They decrease slightly
" in height as the blade is traced in a posterior direction onto the platform,
‘but drop abruptly to be continued as a carina one th1rd the d1stance along
the p]atform

"Aborally, these forms have a diamond shaped pit which is situated in
the anterior half of the platform at a point telow the change in height of |
the fixed blade. Posteriorly a sharp keel continues to fhe'posterior end
of the un1t, while anteriorly a groove extends from the pit onto the underside
of ‘the b]ade. '

Remarks: In common with.Po. mucronatus included together here are forms with
very different oral configurations of the tongue. However, the three
figured specimens have almost identical outlines and platform ornament and
are clearly re]ated

Po. serratus 1ies closest to Po. mucronatus from which it is distinguished_
by the form.of the posterior platform. The margins of the latter are upturned
and sculptured into coarse ridges, whereas the posterior platform of the
former is relatively flat beneath the tubercles and nodes which lie in from the
margins and rise above them, | |

Occurrence: Sample 36, Mount Wise.
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Polyanathus transversus WITTEKINDT
aff. Plate 24, fig. 5

* 1965 Polygnathus lincuiformis transversus - WITTEKINDT, p.636-7, pl.2,
| figs. 16-18. | - |
1969 Polvanathus linguiformis transversus - POLSLER, p.424, pl.2, figs.9-11.

Diagnosis: A linguiform polygnathid differing from all others in the develcpment
of one cr more diagoral rows of nodes in the anterior part of the platform.

Description: The unit is flat, evenly arched and slightly turned inward
pesteriorly., A tengue is not clearly differentiated since the outer border
tends to be evenly curved. The anterior platform bears one or mere diagonal
rows- of partially fused nodes rising above the surrounding platform and equal
~in height to the fixed blade with which it/they make an angle of about‘30°;

* deep adcarinal notches separate these. The rest of the platform carries

-an ornament of coarse ridges and elongate, partly fused nodes lying roughly
perpendicular to the carina from which they are separated by shallow and
narrow adcarinal grooves. The posterior bart of the unit typically bears
uninterrupted transverse ridges, but a carina may be variably developed.

The'free blade is typically short and bears sharp, mostly fused
denticles of equal height., Traced onto the platform, they become relatively
lower and increasingly fused. Posteriqr of the rostral development, their
~continuation is marked by a row of fairly discrete, rounded nodes. This
carina typically persists to the first transverse ridge of the posterior
part of the unit, but may extend beyond.

The aboral surface of this form bears a small pit with weakly raised
edges situated anterior of the midline of the (whole) platform. A keel
is developed to the sharp posterior tip, and anteriorly a narrcw furrow extends
to beneath the blade.

Remarks: Po. transversus is herein given specific status (see Po. linaquiformis).
The single specimen from Mount Vise differs from the holotype in three

respects: the development of a posterior carina, the longer free blade, and in
the thicker lipped pit and furrow. Furthermore only one row of nodes is
présent on the anterior platform. Wittekindt's figured specimens have one on
each side of the carina, whilst Polsler illustrated a form with a total of
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threé, so this is a variable character, though, by definition, the most
diagnostic. Polsler's specimens (from the Austrian Carnic Alps) also

appear to have a longer carina development than the types, and by analogy

with Po. mucronatus and Po. serratus (as herein described), the presence of a
posterior carina may perhaps be considered as a variable character. - The
aboral configuration is not unlike other members of the Po. linguiformis

group from Plymouth. The relative length of the blade is less easy to
incorporate into the concept of the species, hence the aff. designatidn.

The aboral character of:the P1ymouth specimens is very similar to
that of Po. tuberculatus with which a relationship probably exists (see
Remarks under the latter). In fact the specimens of _Po. tuberculatus
(= Po. bryanti) figured by Wittekindt are not dissimilar from this form
partich]ar]y in the carina development.  Although Po. tuberculatus also
has diagonal ridges anteriorly, the character of the platform and ornament
%s much more robust, and since the Plymouth specimen is more readily
related to "Po. linguiformis" than the "typical",specimens'of Po. tuberculatus

(compare P1. 24, figs. 4,5,6), it is included here.

Occurrence: Sample 36, Mount Wise.

Po. transversus was recorded by Wittekindt from the uppermost Givetian,
where it was restricted to the zone named dfter it. The specimens of .
Polsler (2 specimens from his samples 5/104A (?) and E/124, Finlenig) and the
Plymouth form come from comparable 1eve1§. 1t is not recorded from North
America. '

Polyagnathus latus WITTEKINDT
- Plate 9, figs. 2,3

* 1965 Polygnathus lata n.sp. - WITTEKINDT, p.635, p1.2, figs.6,8,9. “

Diagnosis: The platform is about one and one half times long as broad. In
lateral view the unit is strongly arched; the posterior part is turned inward

slightly. = The outer margin is strongly convex, the inner margin is convex
in the anterior half but straight posteriorly. The platform is broadest
anterior of the midpoint.
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~ The oral surface of the platform is covered with strong, closely
spaced, transverse ribs which are separated from the carina by narrow,
shallow adcarinal grooves. The anterior platform margins are curved
downwards and meet the blade, (?) further to the anterior in the inner

side.

" The free blade is very short and increases in height anteriorly. -
It bears denticles, oval in cross section, fused except for their small
pointed tips. Traced onto the platform, there is a slight inward deflection
-of the carina at a point,posterior of which it is represented by more ‘
discrete, rounded nodes, wh%ch extend to the posterior end of the platform.
Fborally, a small pit is located about midway between platform midlength and
the anterior end. It is rounded and has raised margins with extend anter1or1y
on either side of a furrow; a keel runs posteriorward.

Remarks: Only fwo specimens have been fourd and although both are incomplete
they are placed here because of their distinct nature'aﬁd'close similarity
to Wittekindt's types, Since both lack the blades and posterior platforms
the descr1pt1on of these characters are based on the figured types. - The two

specimens appear to represent a juvenile and adu]t growth stage, but are
otherwise very similar.
Occurrence: Sample NP2, Neal Point (2 specimens). ‘This appears to be a

Very rare form. Wittekindt found only 10 specimens, his holotype coming from

-the Benner quarry, Bicken, No other record appears in the literature,

though Bultynck recorded one specimen of Polvanathus cf. Po. latus from the
'enil section in Belgium (in Bouckaert & Street 1974, E. p.15, sample 57).

‘Wittekindt (1965, tbl.. 1, p.626) recorded Po. latus from, and
restricted to, his eiflia Zone = Lower obliquimarginatus Zone. Bultynck's
specimen comes from a comparable level. ’ ‘

Polygnathus aff. Po. latus WITTEKINDT
Plate 9, fig. 1

Remarks: A single broken, but complete specimen has been retrieved which is
quite unique jn several respects. In particular, the platform bears an
ornament of irregularly sinuous, discontinuous and bifurcating, transverse
ribs which in some cases extend to, and join the nodes of, the carina, At
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the posterior end of the platfom, the ridges deteriorate into irregularly
connected nodes. In profile, the thin blade is triangular in shape due to
the strong posteriorward inclination of the indistinct denticles, these

being almost entirely fused. Furthermore, the anterior platform development
is strongly asymmetrical.

In the general shape and strongly arched nature of the platform, the
relative length and height of the free blade, the carina and adcarinal groove
development (in part), and in the aboral configuration, the specimen is
considered to lie close to Po. latus. .

Occurkence: One spebimen from sample 20, Gasworks Quarry, Cattedown, Plymouth.

Polygnathus n.sp.aff.Polygnathus porcillus STAUFFER
Plate 9, fig. 6

aff. 1940 Polygnathus porcillus n.sp. - STAUFFER, p.430, pl.60, figs. 86-8.
. 1970 Polygnathus linquiformis 11nqu1f0rm1s HINDE - BULTYNCK p. 125 7,
p1.10, figs. 1,2,5.

- Diagnosis: This form is characterised by an inward turned posterior tip

and an asymmetrically developed platform, the outer side of which is larger

and extends further posteriorly and anteriorly. The platform margins bear

a nodose ornament separated from the carina by adcarinal grooves. The anterior
end of the platform lies perpendicular to the blade which is between a third

and a half the total unit length. A relatively large basal cavity is

situated near the anterior end of the platform.

Remarks: This form differs from Po. angustipennatus s.1. in the asymmetry
of the platform and in the posterior deflection. It is excluded from

Po. linguiformis because of the clear carina extension and lack of a tongue
development, the nature of the anterior platform margins, the general

form of the blade and the re1at1ve1y large basal cavity. (compare with

pl. 18 same magnification).

e (sub) triangu]ar shape of the platform and the posterior
extension of the carina in particular are considered to relate it to
Po. angustipennatus s.1. '
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Bultynck (1970, fig.16, p.122) considered Eg,'anqustipennatus to
have evolved from Po. linquiformis during the mid Couvinian (Cay ).
He figures specimens of Po. 1. lirauiformis (p1.10, figs. 1,5) which Tack
a tongue develcpment and he doesn't exclude the possibility of them being
the first stage in such a development. The author has seen numerous
examples from the Zwischenschicten Limestone of Blauer Bruch, Germany
(kockelianus Zone). - The author considers that these forms represent a
distinct stage 1in the phylogeny of Polvanathus and deserve specific
status.

Stauffer 1940 described Po1yanathué porcillus ﬁ,sp.'from the clay aktove
the Cedar Valley Limestone of Austin, Minnesota. The btlade of his types
are missing, but the form of the platform is very similar.  An examination
“of these may reveal that this is the same form. |

Occurrence: Sample 39, Richmond Halk (South). The form would appear to be
- mid to late Eifelian in age. Stauffer's fauna was derived and mixed.

The Polygnathis robusticostatus Group

- Klapper (1971) recognised this group to include the intergrading series
of Polyanathus robusticostatus, Po, anqusticostatus, Po. anaustipennatus, and

Po. intermedius.

The group embraces units with a reiativeiy straight axis and a variable
but symmetrical, platform developrent. This is large and broad in Po.
robusticostatus while at the other extreme, it is only incipiently developed
in Po. intermedius. The carina terminates at the posterior end of the
platform in Po. robusticostatus but extends backward of this point in other
. forms. Platform ornament is generally coarse and separated from the carina
by adcarinal grooves. The free blade is usually between a third-and a hé]f
unit Tength, and the pit is located between the midpoint and the anterior end
of the platform. ‘ o

The author is in agreement vrith k]apper in consfdering that some of these
forms would fall into synonomy in a broader concept of intraspecific variation.
The difficulty in confidently ass igning illustrated forms from the literature
into one particular category makes one question the value of retaining all
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these form species. The author has considered the feasibility of a three
fold division of the group which may be more readily maintained.

Polygnathus robusticostatus - forms with large platform developments
and a carina which terminates at the end of the platform.
Polygnathus anqustipennatus sensu lato-to embrace all those forms with
a relatively small, but distinct platform development and a carina which

clearly extends posterior of the platform. _
 Polygnathus intermedius - to include those specimens having only-an .

incipient platform development. .

Before such a scheme is adopted, the author feels it is very important

. to assess the ontogenetic development within this group. This has not been
possible with the material herein studied,but illustrated specimens would
seem to indicate that the ontogeny of an individual probably involves at least
two of the recognised form species. The multielement association of these

| fdfms-may also involve more than the single morphotype. )

f

Polygnathus angustipennatus BISCHOFF & ZIEGLER sensu lato
Plate 9, figs. 8,10,cf. 4 ’ :

| * 1957 Polygnathus angustipennata h.sp; - BISCHOFF & ZIEGLER,
© p.85, pl.2, fig.16; pl.3, figs. 1-3. '
1962 Polygnathus anaustipennatus BISCHOFF & ZIEGLER - BARTENSTEIN & BISCHOFF,
" p.47, pl1.3, figs. 22-4.
1965 Polyanathus anqustipennafa BISCHOFF & ZIEGLER - BULTYNCK,
p. B67, pl. fig.5.
. 1965 Polvgnathus n.sp.A = SCHRIEL & STOPPEL p.88, pl.3, f1gs Sa-d.
. 1965 Polygnathus angust1pennata BISCHOFF & ZIEGLER - WITTEKINDT,
p. 631-2, pl.1, fig. 14. ' '
1965 Polygnathus angusticos tatus. n.sp. - WITTEKINDT, p.631,p1.1, fig.15 (only).
1866 Po]ydnathus angustipennata BISCHOFF & ZIEGLER - BULTYNCK, p.B198-9,
 pl.1, figs. 1-6. | | B
1966 Polygnathus ancustipennata BISCHOFF & ZIEGLER - PHILIP, p. 157,
~ pl.1, figs. 15,16. ~

1966 Polygnathus sp.nov.A - PHILIP; p.158, pl1.1; figs.1-2 (only).
1969 Polvanathus anqustipennatus BISCHOFF & ZIEGLER - SKALA, p.260, pl.1,fig.9.
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1969 Polygnathus anqustipennatus BISCHOFF & ZIEGLER - PEDDER, PHILIP &
. JACKSON, p1.15, figs. 10,12. : '
1970 Polyanathus anqustipennata BISCHOFF & ZIEGLER - BULTYNCK, n.124,

. pl.17, figs. 3-6, 9,10; pl1.18, fig.1,non-p1.17,figs.7-9=Po.intermedius.
1971 Polygnathus aggustipénnatus BISCHCFF & ZIEGLER - SCHONLAUR,pl.4,figs.7,8.
1971 Polygnathus anqustipennatus BISCHOFF & ZIEGLER - UYENO & HORRIS,

pl.3, fig. 2. .
1971 Polygnathus n.sp.A SCHRIEL & STOPPEL - UYENO & NORRIS, p1.3, figs.3a-c.
1971 Polygnathus sp.A - SCHUMACHER (a), p. 62, pl1. 10, figs. 5,6.
1971 Polyanathus angustipennatus BISCHOFF & ZIEGLER - KLAPPER,n.65,p1.3,fig.27.
1972 Polyanathus anqusticostatus WITTEKINDT - BOOGAARD, p.6, pl.1, fig.b.
1972 Polyanathus anqusti costatus WITTEKINDT - COPR, p.47, pl.4, figs. 12-17,

Description: Specimens of Polyanathus angustipennatus are characterised by a
relatively small platform beyond which a carina clearly extends .posteriorly.
The platform bears marginal nodes which tend to become transversely elongate
in specimens with larger platforms. Platform margins may be biconvex but are
commonly more or less straight and parallel tefore turning fairly sharply to
meet the carina at a point between two and five denticles in front of the

posterior end of the unit.

The platform margins are weakly to (more commonly) strongly upturned so as
to‘broduce deep adcarinal grooves, and an often strongly denticulate profile.
The platform is centred on a point posterior of'the unit midlength, The
denticulation c1éér1y changes at a point above the anterior end of the platform.
Posterior of this point, the carina denticles are larger than those of the’
free blade to the anterior. . The denticles of the blade tend to become
higher anteriorly to a maximum height at the third or fourth denticle before
the anterior end, though such a blade development is not always evident.

The free blade is usually aktout half the tofa1 unit Tength.

Aborally, a pit, relatiwly larger in smaller specimens, is located at
the anterior end of the platform or a little posterior of that point.

Remarks: This above description embraces some specimens previously assigned
to Polygnathus angusticostatus. The latter and Polvgnathus aggustipennétus
have often been confused in the literature because of the inadequate criterion
for their separation. Admittedly gradational, the two forms have only been




- 149 -

reliably separated on the'basis of the relative length of the free blade.
This is here considered inadequéte because of the dependence of this
character on the extremely variable platform development, and the otherwise
jdentical form and variation demonstrated by the specimens previously
separated on that basis. The relative length of the free blade is also
variable in Po. robusticostatus which is separated on the basis of the
larger, more strongly ornamented platform and the absence of a posterior
carina extension,  Furthermore, in Po. robusticostatus, the change in the
size of the "blade" denticles often comes at a point posterior of the front
of thevplatform, rather than at the front. (see Remarks under Po. ‘
robusticostatus gp.) | '

The high anterior blade denticles have been cited by some authors

 (e.g. Klapper 1971, p.65) as a di stinguishing character of Po. angustipennatus.
Bischoff & Ziegler's types are thought to be extreme in this respect since

not all specimens have such a blade development and sorme specimens previously
assigned to Po. angusticostatus (e.g. Orr 1972, pl.4, figs. 12-14) also have
such a blade, ‘ ' |

Only three specimené of Po. anqustipennatus s.l.. have been found in the
Plymouth Limestone. None are well preserved and each is unique in some
respect, ' but all conform with the above description.

'The specimen illustrated on Plate 9, fig. 8 1is very similar to that
from the Timor Limestone figured by Pedder et al. (1969, p1.15, fig.10) and,
to a lesser extent, to that from the Detroit River formation figured by
Orr (1972, pl.4, figs. 15-17).

Occurrence:  Sample 10 (cf.),Cattedown Quarry; Samples D15,D16,Drakes: Island,
The form is considered to date from the late Eifelian : bidentatus and

Kockelianus Zones (Wittekindt 1965 , p.627).
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Polygnathus tuberculatus HINDE
Plate 24, figs. 1-4

* 1879 Polygnathus tuberculatus n.sp. - HINDE, p.366, p1.17, figs. 9,10.
. 1921 Polyenathus tuberculatus HINDE - BRYANT, p.25-6, p1.12, figs. 7-9.
1928 Polvanathus tuberculatus HINCE - HOLHES, p.18,p1.7, fig.18

(cop. HIMDE 1879).
. 1933, Polvcnathus tuberculata HINDE - BRANSCN & MEHL, p. 148, pl.11,

fig. 2 (non fig.9 - Ancyrodella rotundiloba) (p.cop. HINDE 1879).
. 1934 Polygnathus bryanti. n.sp. - HUDDLE, p.97-8, pl1.8, figs. 9-10.

? 1956 Polygnathus sp.A - HASS, p.18-19, pl.4, fig. 19.
1965 Polygnathus bryanti HUDDLE - WITTEKINDT, p.632-3, pl.1, fia, 22-25,

Diégnosis: Polygnathid with a massive, broad, strongly tuberculate platform.
Anteriorly, ceep adcarinal grooves senarate the blade from high, subparallel

ridges.

Description: Platform tends to be irregularly sube]]ipticaf in outline, being
broadest at midlength. MNear the posterior énd, the platform is pinched so

as to produce an incurved tongue-like projection. Aﬁterior]y, the platform
margins taper progressively to meet the blade at equal points on the inner and

outer sides. In plan view, the axis is gently curved anteriorly and strongly

incurved in the posterior half of the platform. In side view, the thick unit
is quite strongly arched, the plane of the platform changing abruptly at
-midlength.

The blade, which is deepest at the anterior end, is equal to between one
third and one half of the overall unit Tength. There are about eight stout
blade denticles, fused to near their pointed tips and decreasing in height
pregressively posteriorward. The latter continues as a mostly fused carina
to the middle of the platform, at which point it is. represented by discrete
ncdes equal in height to the adjacent ornament.  Posterior of this point the
carina may be represented by a row of tubercies which, however, may be obscure

and discontinuous in large specimens.

The oral surface of the platform is ornamented by nodes and tubercles
which coalesce to form ridges,these tending to converge toward the centre., In

the anterior part of the platform the oral ridges (one or two on both sides) lie
subnarallel to the blade and are separated frem each other by deep grooves,

particularly adcarinally.
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Aborally, a small, thick lipped, diamond shaped pit is situated half
way between platform mid-length and the anterior platform margin.
Posterior of the pit, a keel is developed but in large specimens, as in the
carina development, this may be indistinct at the posterior end. /Anteriorly,
the keel is strongly grooved, a wide furrow extending forward under the blade.

Remarks: The deep adcarinal "notches” in the anterior part of the platform

may be responsible for what Hinde originally described as "a partially detached
lobe on either side of the central line". This is not to be confused with
Ancyrodella. Hinde figuked twcmspecimens, one in oral view and the other in
aboral view (1879, p1.17,figs.9 and 10 respectively), and he noted that "the
surface of the reverse side is smooth". SubsequentTy, Bransdh & Mehl (1933,p1.11, .
fig.9) figured the "yn-numbered co-type" of Hinde, which is not clearly the same’
specimen; their specimen has two well developed secondary keels and is.clearly
an Ancyrodella. However Bryant (1921) was in "no doubt" that Hinde's fig.10 was
the reverse side of "Polygnathus rotundilobus"(= Ancyrodella rotundiloba),though
it is difficult to understand why Hinde failed to note the presence of. keels,

Polyanathus bryanti HUDDLE was erected on the minor distinction of the
lateral deflection of the "anterior" (read posterior) portion of the plate and
carina; in other respects this is identical.,

The specimens described and figured by Hinde, Branson & Mehl, and Huddle
were all large and closely comparable with the illustrated Plymouth specimens.
These are characterised by a carina which does not extend to the posterior tip
but rather is developed only in the anterior two thirds of the platform. MNo~
young growth stages of this form had been figured in the earlier works and
thus some doubt surrounds the designation by Vlittekindt of his figured specimens
to this taxon. Wittekindt's specimens all bear a carina extending the full
length of the platform and separated from the coarse tuberculate ornament by
adcarinal grooves. The latter deepen anteriorly and separaté tuberculate
ridges from the blade, as in the holotype; the units also conform to the type
species in other respects. Thus it seems reasonable to suppose that the
posterior carina development was lost in the later growth stages and that
Wittekindt's specimens (though the magnification is not given) are the only
earlier stages hitherto figured. A single, smaller and poorly preserved
specimen from Plymouth supports this. -
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The relationship of Polygnathus tubarculatus with Polyanathus
Tinguiformis group has been indicated by Wittekindt (1965, p.633). The
juvenile forms of the two are similar and it is suggested that the latter
gave rise to Po. tuberculatus possibly by way of forms such as Po. serratus.
A comparison of the aboral configurations supports this conjecture.

Some specimens of Polyanathus ordinatus (Bischoff & Ziegler 1957, pl.18,
figs. 25, 26, 28) have comparable platform shape, robustness and strong
~anterior adcarinal grooves and ridages.  They apparently differ only in the
nature of the ornament which.is predominantly nodose, the nodes tending to
te aligned antero-posteriorly. Bryant's type of Po. ordinatus (1921, p1.10
figs. 10,11) is very much slimmer and more elongate. '

Occurrence: Sample 36, Mount Wise, Plymouth,

" Polyanathus tuberculatus has been recorded previously only from the
Genundewah Limestone of New York (Hinde, Bryant), the Lower A]bény Shale of
Indiana (Huddle) and in Germany, from the upper part of Wittekindt's
transversus Zone (Syring and Benner Quarries). It thus has a limited range
about the Middle/Upper Devonian toundary. ) ' |

The Pol vanathus varcus Group

Klapper, Philip & Jackson (1970) presented a revision of the Polygnathus
varcus group based on the study of the type material of Stauffer (1940) and -
comparative material from N. America, Germany and Australia. As noted by
these authors (p.651), much of literature in which "Eg. varcus" has been
identified includes illustrations of an inadecuate nature for confident inclusion

~in synonomy lists.

Definition: Polygnathids with narrow parallel-sided platforms with deep
adcarinal grooves extending the full length. - The platform which may be smooth
or may bear low nodes, generally terminates a little anterior of the carina.

In Tateral view the blade is Tong and subquadrate. ‘

Discussion: Within the group, species have been differentiated by the
relative size of the platform, platform ornament, position of the basal cavity,
and the nature of the anterior terminations of the platform. Klapper 93_31:
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have used these criteria to distinguish four forms, Polyanathus varcus
STAUFFER and Po. rhenanus KLAPPER, PHILIP & JACKSCN are characterised by
smooth, unornamented platforms whereas Po. xylus STAUFFER and particularly
Po. timorensis KLAPPER, PHILIP & JACKSON have platforms bearing marginal
nodes.

The P]ymouth material includes many forms which appa}entiy belong in
the varcus group, including over 250 simple polygnathids from a locality at
Mount Wise (plates 11-16, partim). A major difficulty arising in the
study of this fauna, is the lack of a complete blade in many of the
~ specimens. Hence distinctions based on the relative platform/blade length
are not always possible to make. However, discrete free blades are common
in the fauna and these, together with a comparison of platforms of specimens
~ with and without attached blades (the blades of some illustrated forms’
became detached prior to photography) support the validity of the distinctions
made below, | '

The majority of specimens from Mount Wise have a platform which bears
marginal ornament.” Strictly, this would exclude assignment to eiiher
Po. varcus or R. rhenanus,thouch it must be stressed that, in the studied
material, development of platform ornament éppears to be in part onteogenetic
since few juveniles bear distinct nodes. Furthermore, specimens assigned
to these two form-species, including the types, tend to be rather small,
whereas the Mount Wise forms are on the vhole, relatively large and rcbust;
" there is the pbssibi]ity of eco]ogical adaptation . This withstanding,
adherence to the scheme of Klapper et al. provides Po. timorensis as the
most suited concept to describe the majority of the polygnathids. Po. xylus
is characterised by steep anterior trough margins, unlike most of the forms.

The'basal cavity is always at the anterior end of the platform.
Variation in its position from the Junction of the platform and blade to one

at a point just posterior of this, also appears to be ontogenetic. No
studied juvenile has a pit in the latter position, and larger specimens .

demonstrate 1ts progressive (apparent) migration posteriorly. Klapper et al.
seem to have recagnised this in regard to Po. xylus, but for no other. In
the adult specimens, apparent variation in this character arises from the
variaticn in relative positions of the anterior platform margins and in the,
degree of lateral flare of the cavity lip (as well as in the orientation

of the illustrated specimens).
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Platform symmetry, specifically that of the anterior trough margins
(see Klapper g;_gl} 1970, p.652) is a highly variable character in the
studied material. Po. varcus and Po. rhenanus are distinauished by the
opposition of the inner and outer margins in the former, and the greater
lateral and anterior extent of the outer margin of the latter. Po. xylus
has steep, usually opposed margins. These three polygnathids also have
opposed geniculation points. -~ Po. timorensis in contrast to the three above
forms, is a relatively broad.concept in these respects‘Eince, by definition,
it embraces all variations in these characters, though the ho1otypg (Klapper
et al. 1970, pl.1, figs. 7-10) has opposed anterior platform margins and
longitudinally staggered genicu]ation points. :

In Po. varcus and Po. rhenanus, the free blade is about two thirds the
total unit length, in Po. xylus and Po. timorensis it is about a half the total
‘length. In many of the ornamented P]ymouth specimens, the blade is nearer
- the former in this respect. There is some evidence that the relative length
of the blade also varies during ontogency (see remarks under Po. timorensis

Po. xylus).

The Plymouth material would appeér to warrant the separation of an
additional form species within the varcus group,but suggests a redefinition
of other forms'is necessary. The original intention of K1apper and others
revision was to facilitate a more refined definition of the varcus Zone. Thouqh
the distinctions here propoéed are based principally on the fauna from a
single locality, the study has necessarily involved an appraisal of the
variability within a single population and thus, these distinctions are
thought to have some substance and this may be reflected in such a
refinement. ‘ '

Thus; Po. timorensis is redefined so as to'onIy involve forms with
asymmetrically developed posterior platforms, but otherwise it remains
essentially the same. Po. biconvexus n.sp. is introduced to accommodate forms
~with strong platform ornament but with svmmetrica]]y developed poster1or
platforms and a relatively longer blade. = Po. rhenanus is maintained for small
smooth forms with asymmetrical anterior platforms but the possibility of later
growth stages being outside the present d1aqnosis is considered to be a rea] one,
Forms herein called Po. aff. Po. rhenanus may be such expressions. ’
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Similarly, Po. varcus is based on relatively small spec1mens. Large ornamented _
forms from Plymouth in association with small ones which correspond to

Klapper et al.'s diagnosis suggest that the concept should be broadened, at
least to include subdued platform ornament in later growth stages.

As presently defined, Po. rhenanus and Po. varcus differ only in the
relative symmetry of the anterior trough margin development. Insomuch as
Po. timorensis, and Po. biconvexus, involve variation from a symmetrical to
an asymretrical anterior platform development, one is forced to question the
validity of the distinction ‘hased on this character.. The occurrences of
Po. rhenanus and Po. varcus (see Klapper et a1 1970, p.655, 658) are not the
same, though both occur 0-0.12 m. below tre lower of two Terebratula pumilio

beds at Syring Quarry near Odershausen, Germany, and, if the concepts are- .
broadened as discussed, at Mount Wise, Plymouth. .In this latter fauna, some

forms are apparently transitional.

Polyan athus biconvexus n.sp. .
Plate 14,_figs. 1-3,5,7,8,10; P1.15,figs.5,63P1.16,figs.6,8

Diagnosis: A long, slim po]yonathidfwith a biconvex posterior platform, and 2
more or less stra1ght carina. Anterior trough margins are usually asymmetr1ca11y
developed and the geniculation po1nts are generally not oppos1te. The :
platform margins bear a distinctly nodose ornament. The free blade is about

two thirds the total unit length,  The basal cavity is situated at the
anterior end of the platform. '

N Remdrks This form is character ised by the presence of coarse margina1 nodes
which tend to become elonqated into r1dges ]y1no perpend1cu1ar to the car1na.
The p]atform marg1na are consecuent]y re]at1ve1y thickened.

The anterior trough devéiopment varies from near symmetrica] (e.q. pl.4,
fig. 1) to strongly asymrmetrical (e.g. pl.4, fig. 10) and the geniculation
points may be opposite (e.g.pl.4, fig.10) or not (e.g. pl.4,fig.8),

The posterior platform margins are stra1qht and paralle] initially and
then even1y curved and tapered to the pointed posterior tip.  Occasionally
the platform margins at the posterior tip are flattened and smooth '

(e.g. pl.15, figs. 5,6), - | |
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The b]ade may bte composed of upright or inclined denticles
demonstrating the Uéuallvariability of the varcus group. The carina may
terminate in front of the posterior end of the platform (pl1.14, fig. 8)
but usually extends beyond it.

Polygnathus biconvexus differs from Po, varcus and Po. rhenanus'in
the presence of strong platform ornament and often in the form of the anterior
platform.  Po. timorensis differs in the asymmetry of the posterior platform
and the're1ative length of the blade.  Po. xv]us is also distinguished by the
latter character and by the forny of the anterior platform margins.

- Forms designated Po. aff. Po. biconvex are_characterised by a rounded
posterior platform tip and a carina which terminates anterior of that "point”.
The spéc{men illustrated on p1.11, fig., 7 shows a tendency toward this type
of platform, ' |

Octurrence: Samplé 36, Mount Wise.

Po1yqnathus.rhénanus KLAPPER, PHILiP & JACKSON
Plate 9, figs. 18,19

. 1970 Polygnathus varcus STAUFFER - PEDDER, JACKSON & ELLENOR,pl1.16,fig.4(only).
* 1970 Polvanathus rhenanus n.sp. - KLAPPER PHILIP & JACKSON, f1gs 654-5,
pl.2, figs. 13-15, 19-22,

Diagnosis: °A form with a short, asymmetrical platform which is smooth except
for the carina and a node which may be present at the opposed geniculation

. points. - The blade is about two thirds the total unit length. 1In all growth
stages the basal cavity is at the Junct1on of the free b]ade and the anter1or
end of the platform. ' '

Remarks:. The specimens confidently placed here are small and probably juvenile.:
These strongly resemble the specimen illustrated by Pedder et al. (1970,p1.16,
fig. 4) as well as the holotype figured by Klapper 93_91; (1970, p1.2, figs.19-22)
which are also-relatively small specimens. A1l are characterised by a rather
short platform which in lateral view appears to grow out from the sides (as

indeed it dces) in such a way as to leave a deep posterior keel, the oral
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compliment of which, i.e. the carina, extends beyond the platform posteriorly.
‘The posterior platform is symmetrically developed but may vary a little in
‘shape, as may the form of the blade (discussed by Klapper et a] 1970, p.658).
 The unornamented platform and the position of the basal cav1ty have been

considered as diagnostic features of this form,

In Po. timorensis and Po. biconvexus the basal cavity is typically
situated posterior of the blade/platform junction but in small specimens it is
always at thevjunction, and thus the apparent posterior migration is ontogenetic. “
Klapper et al. make a peint of noting that the positjon of the basal cavity
in large specimens of Po. rhenanus is also at the junction.

Unfortunately, the Plymouth fauna which includes the typical Po.rhenanus
has yielded few larger growth stages for study. From Mt. Wise, some °
relatively large specimens come close to Po. rhenanus (p1.11, fia.4; p1.12,fig.2),
but these are in a fauna dominated by ornamented forms and completely
lacking small specimens comparable with the "typical" Po. rhenanus. Some
specimens occur in this fauna which conform in all respects other than in their
ornamented platforms. (e.g. p1.11, fig. 3). Whether or not large specimens
of Po. rhenanus bear a platform orrament (especia11y vhen viewed by a stereoscan)
is a question which is left open for the time being. It may be that Po.
rhenanus is essentially a "small specimen concept". . Until this is established
or refuted those specimens which do deviate in the ways discussed are placed
under Po. aff. Po. rhenanus. | |

" Occurrence: Sample 25, Richmond Walk; BF3 near Botus Fleming. See Klapper
et al. 1970, p. 655 for other occurrences.

Polyanathus aff. Eg; rhenanus
Plate 11, figs.1,3-5,10; P1.12, figs.1,2,9;
pl.16, figs. 9

. 1971 Polygnathus varcus STAUFFER - ORR, p.53, pl.5, figs. 4-8,

Remarks: Included here are thos forms with an asymmetrical anterior trough
development and blades about twe thivds the total unit length., They differ
from Po. rhenanus in three ways: the geniculation points are not always.

opposite, in larger specimens the basal cavity 1ies a little behind the



anterior p]atform marg1n, and the poster1or platform mdrg1ns may bear a nodose
ornaant '

The relative position of the geniculation points varies a great deal in
Po. timorensis and also in Po. biconvexus.  There is also some indication
that they do in Po. rhenanus and Po. varcus (g.v.) as well (see Klapper et al.
1970, pl. 2, fig. 22, 14, 3) though Klapper and others. (p. 654, 657)
state that they are opposite. :

The spec1man 111ustrated by Orr is very similar to some of the P]ymouth
material and a]so illustrates the d1ff1cu1ty of applylnq Kiapper et al.

scheme.

Occurrence: . Samples EF2, BF3, Lane section, near Botus F]emfng; 28, Richmond
Walks 36, Mount Wise. ' : o .

‘ Po]vrnathus timorensis KLAPPER, PHILIP & JACKSON
Plate 12,_f1g§. 7,113 P1 .13, figs. 1-11; P1 14 f1gs 4, 6 P1.15, f1gs 1-d 7 8

? 1965 Polyanathus xyla STAUFFER - WITTEKINDT, p.642, p1.3, fig.18 (only).
1970 Polygnathus timorensis sp.nov.- KLAPPER, PHILIP & JPCKSON, p.655~- G
pl.1, figs. 1-3, 7-10, text fig. 2 (see synonomy).

Diagnosis (revised)i A long, slim polygﬁéthid with an asymmetrically develcped
p]at‘orm The outer margin is weakly to strongly convex outward, as is the
carina, whereas the inner margln is straight or only weakly curved, Platform
margins ueual]y bear a nodose ornament. ' Anterior trough margins and -
gen1cu1at1on points are variable in development and in the1r relative pos1t10ﬂ
The b]ade is between a ha1f to three f1fths total un1t Ienqth

'Remarks ‘ The amended diagnosis excludes forms with symmetrica]ly developed
fposter1or platforms previously enbraced by the rather broad concept of
Polygnathus timorensis sensu K]anper et al, Included are forms with relatively
short and broad platforms and longer b]ades which were not embraced by the
orfqina1 diagnosis. Two morphotypes seem to be represented, both havinq'
‘characters whlch distinguish them from other members of the varcus group,

i.e. an asymmetrzca]]y developed posterior platform, * a sinuous carina.




- 159 -

In contrast to some other members of the varcus aroup, Po. timorensis
embraces extreme var1ab111ty in the deve]opment of the anterior p1atform
(compare p1.13, fig.10 and pl.14, fig. 6).. |

Very small specimens of Po. timorensis ( p1.12, figs. 7,11) are thought
to have rather flat platforms and incompletely developed carinae, yet display
a tendency to asymmetry in the posterior platform outline. (Note also the
position of the basal cavity). .

Large forms (e.g. p1.13, fig.10) and ones which correspond closely to the
holotype (Klapper et al. 1970, pl;l, figs. 7-10), have a relatively long and
narrow platform. The anterior margins are commonly opposite on either side
of the blade, though the outer margin may lay further anteriorward. In such
forms, the outer trough margin may be strongly flared laterally and, in side
view, long and gently dipping. The inner trough margin is generally relatively
short and steep, but may be equally developed. The genicu]afion points are -
generally not opposite (Klapper g;_gi: 1970, p.655), but this too is a variable
character. . Posterior of this point, the inner margin tends to be straighter
than the outer which is typically convex outward in the middle portion of the
platform, in part due to the greater constriction of the outer platform at
the geniculation point. The posterior third of the platform is tapered, more
strongly on the outer side, and terminates in a pointed posterior tip which

“is commonly twisted laterally.

The oral Sqrface of the platform posterior of the geniculation points
bears marginal nodes separated from the central carina by deep and narrow
. adcarinal grooves which extend to near the posterior tip and are deepest at the
anterior end where the margins are highest and steepest.

The free b1ade'is about one half of the total unit length and bears humerous
denticles which are of a variable nature. - In some specimens the denticles
are of equal size whilst others have smaller denticles irregularly intercalated;
the anteriormost denticles are generally smaller. A common tendency of the
blade denticles is for them to be longitudinally inclined in either direction.
Traced onto the platform, the fixed blade continues as a low mostly fused
carina which may deteriorate into rounded nodes posteriorly. The course of
the carina may be straight, but is more commonly curved or sinuous, reflecting
the irregular platform margins. The carina persists to a point a little in
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front or a little behind the postérior end of the platform.

“Aborally, the basal cavity lies at the anterior end of the platform
or a 1ittle behind that point. A keel runs posteriorly, and anteriorly
there may be a slight furrowing cf the underside of the blade.

Forms which are generally smaller overall have relatively shorter
platforms and blades about three fifths the total unit length (e.g. p1.13,
figs. 1-9, 11). The geniculation points in these forms are often opposed
and the anterior trough margins are typically asymetrically developed, but
again the variation is sometimes pronounced. The posterior platform is
characteristically asymmetrical with both the outer margin and the carina_beihg
convex outward,  This development is considered to relate these forms to
the larger, aforementioned specimens in which these characters are not so
pronounced, .Henbe‘it is suggested that the ontogeny of Po. timorensis
involves longitudinal growth of the platform in later growth stages to
produce the relatively longer, slimmer forms, |

Specimens referred to Po. aff. Po. timorensis (p1.16, figs. 2-4)
have asymmetrical posterior platforms and carinae which pass posteriorward
into irregular ridges and nodes covering the full width of the platform.
One specimen (p1.16, fig.2) is uniaue in having an adcarinal nede and a high
carina. Such forms as these must he viewed with the suspicion their rarity
warranté, but it is tempting to speculate .on the reasons for such extreme oral
ornamenf. One will only note here that the fauna from which they come include
such highly ornamented forms as Po. tuberculatus. Insomuch as the evolution
of conodonts appears to have involved the lateral spread of the units in order
to accommodate more oral ornament (Lindstrom 1964, p.15 ) these forms may,-
perhaps, be considered as advanced. o '

Occurrence: Sample 36, Mount Wise; MNP15, Meal Point, near Landulph (small

morphotype only).
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Polygnathus varcus STAUFFER
Plate 12, figs. 3,4, aff.6

* 1940 Polygnathus varcus n.sp. - STAUFFER, p.430, pl1.60, figs. 49,55,

(fig. 53 - Polygnathus sp.indet., free blade broken).
1970 Polygnathus varcus STAUFFER - KLAPPER, PHILIP & JACKSON,

p. 657-8, pl.2, figs. 1-3, 23-25. (See synonomy).
non1972 Polygnathus varcus STAUFFER - ORR, p.53, pl.5, figs. 4-8,
(= Polygnathus aff. Po. rhenanus).

Diagnosis (revised): A slim bo1ygnathid with a symmetrical platform one third
the total unit length.  Anterfor trough margins are equally developed and the
geniculation points are generally opposite. In small specimens the basal

cavity is at the junction of the free blade and the platform, in larger specimens
it may lie posterior of that point.

Remarks: Klapper et al. (1970, p.658) have stated that the short symmetrical
platform and the characteristic position of the basal cavity (at the hlade/
platform junction) remain constant throughout growth, The "large specimen" they
illustrate (1970, pl1.2, figs. 23-25) is still relatively small compared

with their Po. timorensis. A small specimen from Mount Wise (p1.12, fig. 4)
conforms exactly to Klapper and others' diagnosis.large associated specimens
(p1.12, fig.3) differ in having subdued marginal ornament, and basal cavities

a little posterior of the junction; the geniculation points are not necessarily
exactly opposite. It is thought unreasonable to separate these forms, hence

the revised diagnosis.

Some other forms (e.g. p1.12, fig.6) are very similar but have a slightly
asymmetrical anterior platform development, one which is not, however, as
strongly so as in Po. rhenanus.  Such forms could, perhaps, be considered as
transitional. It is not exc]uded that there is complete morphological gradation
between Po. varcus and Po. rhenanus. (See remarks under Po. varcus group).

Occurrence: Sample 36, Mount Wise.



Polygna thus xylus STAUFFER
Plate 9, figs.9,1,12; P1.10, fig.13; P1.11,fig.8

* 1940 Polygnathus xylus n.sp. - STAUFFER, p.430-31, pl.60, fig.54,66,72-4
(non fig. 42,50,65,67,69,78,79 = Polygnathus sp. indet).
non 1962 Polygnathus xyla STAUFFER - BARTEMSTEIN & BISCHOFF, p.48-9, pl.4, figs.8,9.
non 1965 Polyanathus xyla STAUFFER - BULTYNCK, pnl. figs. 4a-b.
1966 Polyanathus xylus STAUFFER - BULTYNCK, p. B199-200, p1 2, f1qs. 1,2.
(non fig.3 = Polvarathus pseudofoliatus).
? 1965 Polygnathus.varca STAUFFER - ZIEGLER(a), pl.1, fig.6 (side view only),
1970 Polygnathus xylus STAUFFIR - KLAPPER, PHILIP & JACKSCM, p.€59,60,62,64,66;
pl.1, figs. 4-6, 113 pl.2, figs.4,5,7-12,16-18. (includes synonomy)..
1970 Polygnathus xyla STAUFFER - BULTYNCK, p.131, pl1.15, figs. 2,8 ‘
" (non fig. 5 = Polyanathus pseudofoliatus). ‘ |
? 1971 Polvanathus xy]a STAUFFER - SCHONLAUB, pl.4, fig.11 (sidé view only).
1971 Polygnathus xylus STAUFFER - UYENO & NORRIS, pl1.3, figs. 8a - c.
1974 Polyanathus xylus STAUFFIR - UYENO, pl.4, figs. 6,8.

-

Diagnosis: A slinm polygnath1d with a smooth or (subduod) nodose p]atform marg1ns
The platform is about one half the unit Tlength and has steep anterior trougn
margins and opposed geniculation points. The basa] cavity is situated at the
anterior end of the platform in small spec1mens, and posterior of this po1nt in
larger specimens.

Remarks: The d1agnos1s is after Klapper et al (1970), who also discussed the
forms they placed in synonomy and the author agrees with most of their '
conclusions. As noted by K]apper et a] Po. xylus is distinguished from _
Po. varcus and Po. rhenanus by the re]at1ve]y longer platform and the steepgr
anterior trough margins. Both chavacters also differ in Po. biconvex and the
latter character differs in Po. timarensis. Uyeno 1974 (p.41) has noted that.
some juvenile specimens exhibit a blade s]ightly less than two thirds the

length of the unit, i.e. re1ative1y 1ongék than is typical.

Polygnathus strongi STAUFFER is not considered to be syncnomous. This
differs in the strong anterior constriction of the nlatform, the posterior
biconvexity of the flare, and the flatter, nodose posterior platform. -
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Juvenile specimens of Po, gxlgg_and Po. pseudofoliatus differ in that the
latter lacks deep adcarinal grooves posteriorly and the outer platform is also
s1ightly more expanded laterally. Klapper et al. (1970, p.666) note that
small specimens of Po. pseudofoliatus may possess a blade that increases
noticeably in height toward the anter ior end and cne infers that in this
respect they differ from Po. xylus. Elsewhere (p.653) these authors cite

the posteriorly decreasing height of the blade denticles as a distinguishingl
“character -of Po. xylus (in comparisonwith Po. decorosus) The blade of

Po. xylus would thus seem to be intermediate. Po. decorosus also differs in
its sagittate platform outline and distinct marginal nodes.

The specimens figured by Dowrs and Youngquist (1950) as Po. decorosus
(pl. 87, fig.3,4), Po. xylus (p1.87, figs. 15,16), Po. decorosus ( figs.23-26)
and Po.. stainbrooki (p1.87, figs. 19,20) appear to show a continuous transition
' frbm, respectively, a parallel sided platform, through siightly sagittate and

strongly sagittate platform outline to the extreme in which the carina is also
sinuous. l

- Al thé‘specimens stud ies are from thé M.'Devonian, and most aré‘sma11.
They share steep anterior trough margins, deep adcarinal grooves, a narrow,
parallel-sided platform, and a basal cavity‘situated at the junction of the
platform and blade. Platform margins are smooth (p1.92, fig.11) or bear
subdued nodes (p1.9, fig.12). The single large specimen (pl1.11, fiq.8)
illustrated also shows the above characters, but in addition has the strongly
denticulate anterior platform margins, whiéh characterise many forms from
the Plymouth Liméstone‘(e.g. see pl.11, and also Po. pseudofoliatus), and a
blade which is clearly higher anteriorly. This latter snecimen\is similar
to the one illustrated by Klapper et al. (1970, pl1.2, figs. 10-12) from the
Timor Limestone, Australia, and also to that figured by Ziegler 1965a and
included by Klapper et al. in synonomy with Po. timorensis.

Occhrence:Samp]es 20, .Gasworks Quarry, Cattedown; 28, Richmond Walk;
32, Mutton Cove; cf. 44 (3), Teat's Hill Quarry, Coxside;
cf. BF3, Botus Fleming; cf. NP15, Neal Point.
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Polyanathus aff. Polygnathus xylus
Plate 9, fig.13; Plate 10, fig.16

Remarks: These forms differ from Po. xylus in the asymmetrical development

of the platform. The anterior trough margins are steep but strongly staggered
and similarly the'geniculatjonvaints_are not opposite. The blade is not

~ regularly developed as in Po. xylus but, where preserved, is similar to that
sometimes demonstrated by Po. varcus and Po. rhenanus, i.e. an alternation of
Targe and small" dent1c1es (e.g. p1.10, fig.16).

The specimens included here are all small and have a basal cavity
situated at the platform/blade junction. Forms such as these may be the
precursor of the later Givetian Po. varcus s.1l. and may well have provided many
of the records of"Po. varcus"from low Givetian levels.

Occurrence: Samples CR3, Cattewater Road; PS4, Princerock Quarry.

Form genus: Spathogna thodus  BRANSON & MEHL 1934
Type species: Spathodus primus BRANSON & MEHL 1933

In multielement terms, Spathogmathodus has been described as belonging "to é )
typé 1 apparatus of sensu Klapper & Philip 1971. A spathognathodontan is the
P element in the multielement genera Ozarkodina and Pandorinellina, which differ

in their A3 elements,

Spathoanathodus bidentatus BISCHOFF & ZIEGLER
Plate 7, figs. 5,9,cf.8

* 1957 Spathognathodus bidentatus n.sp. - BISCHOFF & ZIEGLER, p.114-5, pl.6,
‘ figs. 8-10,12,13 (nonfig.11 = Po. intermedius). ‘
. 1962 Spathognathodus bidentatus BISCHOFF & ZIEGLER - BARTENSTEIN & BISCHOFF,

p.47-8, pl1.3, figs. 25-7,
. 1965 Spathoanathodus bidentatus BISCHOFF & ZIEGLER - WITTEKINDT,

p. 642, pl.3, figs. 16, 20 - 22.
. 1966 Spathoanathodus bidentatus bidentatus BISCHOFF & ZIEGLER - BULTYNCK
p. B201, pl1.2, figs. 11, 12, '
. 1966 Spathoanathodus bidentatus BISCHOFF & ZIEGLER - PHILIP, p.159,pl.2 f1g 1-3.
. 1969 Spathognathodus bidentatus B ISCHOFF & ZIEGLER - POLSLER, pl1.2, figs.1-2.




. 1969 . Spathognathodus bidentatus bidentatus BISCHOFF & ZIEGLER - PEDDER,
JACKSON & ELLEMOR, p1.15, figs. 3,6,7. )
. 1970 Spathognathodus bidentatus - BULTYNCK, p.133, p1.18, figs. 7,8«
. 1971 Spathognathodus bidentatus BISCHCFF & ZIEGLER - SCHONLAUB, pl.4, fig.9.
. 1972 Spathognathodus bidentatus BISCHOFF & ZIEGLER -BOOGAARD , p.7, fig.5.
. 1972 Spathoanathodus bidentatus B ISCHOFF & ZIEGLER - ORR, p.57, pl.4, fig.11.

Diagnosis: Spathognathodid with a symmetrical, elongate basal cavity developed
in and extending under, the posterior half of the unit. In oral view this is
triangular, being broadest at.ynit midlength and tapering‘posterior1y.

The oral margin is characterised by small, fused denticles in the anterior half
and longer, more discrete denticles posteriorly. In the latter direction,

the oral edge slopes downwards. '

Occurrence: Sample 44 (3), Teat's Hill Quarry, Coxside; 19 (1), Gasworks

Quarry Cattedown; PS4 (cf.), Princerock Quarry. The form is rare in the Plymouth
Limestone.  In Germany, Ziegler 1971 (Chart 2, p.253) records'S. bidentatus

from the base of the mid Eifelian bidentatus Zone throughout the remainder of the
L.M. Devonian and sporadically in the Lower ohlicuimarginatus Zone. In Belgium
the form appears in Cozd‘(equiva1ent to the upper part of the kockelianus Zcne)
and ranges through the low Givetian. In Australia, Pedder et al. 1969 recorded
it almost intd their varcus Zone (but see Devonian Conodont Zorations).

Spathognathodu s bipennatus BISCHOFF & ZIEGLER s.1.

* 1957 Spathognathodus bipennatus n.sp. - BISCHOFF & ZIEGLER, p.115-6,p1.21,fig.
1957 Spathognathodus cf. bipenmtus n.sp. BISCHOFF & ZIEGLER, \31

~ p. 116, pl.6, figs. 7a - b. _
. 1965 Spathognathodus bipennatus..BISCHOFF & ZIEGLER - ZIEGLER(a), p1.1,fig.11.

. 1966 Spathognathodus sp.cf. bipennatus BISCHOFF & ZIECLER - PHILIP, .
p. 159, p1.3, fig. 12. '
1966 Spéthognathodus cf. bipennatus BISCHOFF & ZIEGLER - BULTYNCK,
p. B202-4, p1.1, fig.13; pl.2, figs. 4-8.
. 1967 Spathognathodus bipennatus BISCHOFF & ZIEGLER - ADRICHEM BOOGAERD,
p. 186, pl.3, fig.2l. '
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. 1969 ’Spathoqnathodus bipennatUs'BISCHOFF & ZIEGLER - PEDDER, JACKSON
& ELLENOR, p1.76, figs. 8,10.

1970 Spathognathodus cf. bipennatus BISCHOFF & ZIEGLER Q.BULTYNCK.
p. 134, p1.18, fig.9; pl.19, figs. 1-5.

Diagnosis : Spathognathodid with a broad, flat basal cavity strongly
expanded laterally so as to project far beyond both sides of the unit.
The oral surface of the poéterior two thirds of the unit is broad and
bears marginal rows of nodes. The anterior blade is high and fused.

Remarks: This distinctive form-species demonstrates variation in the oral
configuration of the platform. Bischoff & Ziegler's types (from the
Givetian) are characterised by a central furrow or trough separating ;he
marginal nodes. A'single Eifelian specimen described by these authors
(§}tf. bipennatus) lacked such a trough. Philip (1966, p.159) described
S. sp.cf. bipennatus from the Moore Creek,Limestone of New South Wales
which he considered intermediate insomuch as the oral ornament was composed
rather of transierse ridges which faded medially. Similarly;vBultynck
(1966, 1970) described Couvinian representatives which had a limited
trbugh development restricted to the middle part of the unit. The latter
author favoured a confer designation because he felt that it might be
possible to distinguish between Couvinian and Givetian forms., A single
(Givetian) specimen from Plymouth (subsequently lost) differs from all

the aforementioned forms insomuch that the platform is icriodid-like.
There are three distinct rows of nodes. The median row clearly represents
the posterior extension of the blade, and is composed of six laterally
elongaté nodes followed posteriorly by four discrete nodes. Each lateral
row consists of three low nodes, followed posteriorly by five - six short
ridges and finally two marginal nodes. The posteriormost quarter of the
'platform is smooth and somewhat undulatory in profile.

There may well be grounds for stratigraphically meaningful morphotype
‘distinction but the lack of material and the variation'of the aforementioned
i1lustrated specimens suggest that, for the moment, these are best kept together
under a broad concept of the form species. ' |

Material: Sample NP 15, north of Neal Point on the Tamar, S.W. Cornwall. .
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Spathoanathedus trevis BISCHOFF & ZIEGLER
Plate 7, figs. 1-4, 6,7; cf. 14

* 1957 Spathoanathodus brevis n.sp. - BISCHOFF & ZIEGLER, p.116-7, p1.19,
figs. 24, 27-9. : ' '
1957 Spathognathodus ? sp.  RHODES & DINELY, p.367, p1.37, fig.11.
1962 Spathognathodus brevis BISCHOFF & ZIEGLER - BARTENSTEIN & BISCHOFF,
p. 50, pl.4, figs. 23-6.
1965 Spathognathedus brevis BISCHOFF & ZIECLER
’ ‘p. 643, pl.3, figs.'23-4. -
. 1968 Spathognathodus brevis BISCHOFF & ZIECLER
. 1969 Spathognathodus brevis BISCHOFF & ZIEGLER
| p.15, figs. 4,5. '
. 1969 Spathognathodus Erevis BISCHOFF & ZIEGLER
1970 Spathognathodus brevis BISCHCFF & ZIECGLER
figs. 11, 12. '
. 1971 Spathognathodus brevis BISCHOFF & ZIEGLER
figs. 5 a-b. '

WITTEKINDT,

SCHULZE, p.222,p1.20,fig.29
'PEDDER, JACKSON & ELLEHOR,

POLSLER, p1.2, figs.3,4.
SEDDON(a), p.748,p1.16,

UYENO & NORRIS, pl1.13,

Diagnosis: A short spathognathodid with a subquadrate basal cavity situated
at the posterior extremity of the unit. The postericrmost denticle is
largest and posteriorly inclined.

Description: The blade is short and more or less rectangular in profile, being'
about half as high (measured to the denticle tip) as long. There are
usually between nine and twelve centicles most of which tend to be of a

similar size though smaller intercalated denticles may he developed.

The posteriormost denticle is subcircular in cross-section and tends to

be larger than the others and to be inclined in a posterior direction.

The denticles of the blade anterior of the tasal cavity are oval in cross
section, upright at midlength and tending to be inclined anteriorward in

that diréctign} The denticles are fused to within one quarter of the total
unit height.

The basal cavity is subquadrate in cutline, is distinctly flared
laterally, and extends slightly beyond the back of the blade; it is twice
as wide as long. .The axis of this basal cup tends to be set at an angle
to the blade axis in sdch‘a way that it extends further backward on the outer
side. '



- 168 -

The posterior edge is straight, the lateral edges rounded, and the anterior
edges straight, the Tlatter meet the blade in a curve at a point one to
three denticles in from the end. A furrow extends along the aboral side
of the wit in front of the basal cavity.

Remarks: “This is an unusual but.distinctive spathognathodid. Variation
involves the number of denticles (e.g. see Bischoff & Ziegler 1957, pl1.19,
fig.24) and the inc]ination and size of the posteriormost cusp. The
specimen figured by Seddon (1970, p1.16, figs. 11-12) has an unusually large
cusp. Uyeno (1974, p.-42, pl.7, figs.’11-13; p1.8, figs. 4,9) described
Spathognathodus df, S. brevis from the Waterways Fromation of Alberta. This
differs from typical representatives of the form - species in the development
of a small denticle posterior of the largest one; thus the cavity may be in
front of the posterior end. Herein possibly 1ies the basis of meaningful '
morphotype di fferentiation.  The specimen referred to as S. aff. S. brevis
(p1.7, fig.14) is not well preserved but all the denticles cther than the
largest appear to be inclined anteriorly; the latter is,atvnically, large
and upright. This single specimen comes from suproscd high\Eifelian strata.
It may be possible in the future to differentiate stratiaraphically useful
morphotypes, though at the moment the form is herein considered to have a

-greater stratigraphical range than hitherto thought.

S. trianqularis BENDER is a Triassic homeomorph which differs in the
aboral profile. '

Occurrence: Samples 25, Richmond Walk; 36, Mount Wise; 32, Mutton Cove;
50, Coxside; - CR3 (aff.)., Cattewater Poad, Princerock; BF3, near Botus Fleming.

Both Wittekindt (1965, taf.1, p.627) and Ziegler (1970, chart 2) considered
Spathoanathodus brevis to range from the base of the varcus Zore. Pedder et al.
(1969, p.263, 265) record it from the Timor Limestone in association with
Po. pseudofoliatus, S. bipennatus and Po. eiflius, an association here considered
to be clder than the varcus Zone, i.e. more suitably placed in their kockelianus -
robusticostatus assemblage zone (Pedder et al. fig.2, p.245; sect.6, unit 10;
section 5, unit no.9). S. brevis ranges up to the Middle Po. asymmetricus Zone
(Bischoff & Ziegler 1957, taf. 4).
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Spathognathodus planus BISCHOFF & ZIEGLER
Plate 8, figs. 1,2,4, aff.7

* 1957 Spathognathodus planus n.sp. - BISCHOFF & ZIEGLER, ».117, pl1.19, figs.34,35.
. 1965 Spathocnathodus p]anus.éISCHOFF & ZIEGLER - WITTEKINDT, p.643-4,p1.3,fiq.30.
. 1969 Spathoanathodus planus BISCHOFF & ZIEGLER - PEDDER, JACKSON & ELLENOR,
pl.16, figs. 5,7.
1971 §pathbqnathodus planus BISQGICFF & ZIEGLER - ORR, p.57, pl.4, fig.23.

Diagnosis: Spathbgpathodid whiph is gently arched in profile and bears closely
spaced, inclined denticles, small in the posterior half and larger anteriorly.

- Remarks: The Plymouth material is identical to the German types. The form
differs from S. obliquus WITTEKINDT only in bearing more numerous and closer
spaced denticles. One specimen has small intercalated denticles in the
anterior part of the unit (S. aff. S. planus). The variability of this form
needs further study.

Occurrence: ‘Samples 36, Mount Wise; BF3, ﬁotus Fleming. In Germany,
S. planus is first recorded within the lower oblicuimarginatus Zone and thereafter

it persists throughout the Givetian.




PART III

FACIES AND ENVIRONMENTS
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Introduction

On the subject of Devonian carbonate complexes and their facial analyses
there have been a multitude of investigations. Many deal with the broad
distinctions betvieen 'non-reefal cartonate buildups' and'true reefal, rigid-
skeletal frameworks' and the macro-and micro-facial divisions within them.
Such works have relied heavily upon differences in faunal association and
the relationship of form to environment, particularly with respect to
stromatoporoids and corals. The distribution of reef building organisms is
not central to this study, but wherever possible, observations have-been made
on the gross morphology and Qenera] diSpoéition of the organisms,
especially in relation to other aspects of the sediments, and particularly
to the conodont faunas. - Much work remains to be done on the large group
of calcified organisms which contribute to the limestone mass, particularly
the denroid tabtﬂates, stromatoporoids, bryozoans and algae, between which
the distinctions are often obscure. | o

As far as the conodont distributions are concerned, a biofacial
approach is relatively new, but the distributional anomalies, which clearly
exist, are considered to reflect primary énvironmenta] preferences. These
are examined and discussed, in relation to inferences from other fossil and
sedimentary distributicns, though much work remains to be done in relating
these. ‘

In so much as the werk of the pa1aeoenyironmentalists are relevant,
their classifications are reviewed and discussed in relation to Plymouth
situation, and possible comparisons therein. In particular, the work of Krebs
(1968a,b,1969,1971) in Gemany, and-Lecompte (1961, 1968) and Tsien (1968,
1971) on the Belgium reefs are considered. : |

The Carbonate environment

Krebs and Mountjoy (1972, p.295) discussed the disparity in‘the
nomenclature of carbonate bodies and made a prfmary distinction between
the carbonate platform and the carbonate buildup. The carbonate complex
of Krebs (1967, p. 4819) involved both the bank or Schwelm facies and the
reef complex and appears to be equivalent to both the carbonate platform
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(or foundation platform) and the carbonate buildup of Canadian authors.

The open (non-rigid) skeletal communities of Jamieson (1969, p. 1308) can

be considered as corresponding to the former, though his rigid skeletal-

- frame accretions'appears to be a somewhat narrower coricept than the
carbonate buildup (see also Cook et al, 1972, footnote 7, p.440). Martin
(1972) has noted the need for a uniformity of expression, and introduced
four new terms.

Krebs (1968a, p.297-8) distinguished three types of "Massenkalk”
in the late Middle and early Upper Devonian of the eastern Rhenish
Schiefergebirge of Germany, namely the Bank type (Schwelm facies), Reef
type (Dorp facies )and Cap type (Iberg facies).

The Schwelm facies is an association of stromatoporoids and corals
not possessing the ecological potential to build a rigid, wave resistant
structure The Dorp facies ("true-reefs"- Krebs 1971, p. 46) is d1st1nquished
by the growth of organisms foming "biogenic structures" that rise gradually
over their surroundings resulting in a differentiation of the morphologically
rising structure into fore-reef, reef-core, and back-reef areas. - The Iberg
facies, which is developed in response to slow subsidence, usually consists
of "gray sparry calcite-cemented brachiopod crinoid limestones" often
interfingering with the surrounding "flinz"rfacies (=stagnant, anaerobic
shales); there is no back-reef time equivalent. -

It appears. that both in Germany and in Western Canada the Schvwelm or
bank facies is the initial development on top of which the Dorp, or reef
facies may, or may not, develop. The Iberg facies is of local sianificance
only. "The facies terms do not describe time - stratigraphic intervals,
but app1y to rock stratigraphic units. Each facies may develop in
different strdtigraphic levels ,.." - (Krebs .1971, p.46),

In his study of Belgian carbonate bodies, Tsien (1971 p. 121) has
adopted a term1no]ogy as follows:-

An organic reef - a massive Timestone body which is built
directly by organisms, '
A bioherm - an isolated, convex arched organic reef
- completely surrounded by shaly sediments.



Eit I T T T i,y — o — —

- 172 -

A biostrome - a tabulate or layered organic-réef; in later
stage of this reef development, the growth of mounds on the barrier
reef edge at the shelf margin may separate an open marine
developrent and a restricted marine environment. Bank or reef-bank
’f'all wave resistant limestone bodies which result from the activities
or organisms, from wave transportation and from sedimentation.

Reef—comp]ex - the ensemble of reef lisztones and their
related sedimentary rocks. '

It appears'that the organic reéf sensu Tsien is comparable with
the very restricted use of 'reef' by some authors, and is incorporated
within the Dorp facies of Krebs. The bank of Schwelm is probably equivalent
to the reef bank sensu Tsien and though the biostrome is similar in some
respects, it does appear to have a narrower meaning. . Agaih, the differentiation
of the latter into relatively open and restricted environments by the growth
of "mounds" would seem to have a parallel in the Dorp facies of Krebs,

- The 'Reef-complex'of Tsien appéars to be eauivalent to the'carbonate
complex'of Krebs,

The Be]giaﬁ workers have also used a scheme based on bathymetry'which
is worthy of note. Lecompte (e.g. 1961, 1968, 1970) established and used
to gréat effect the scheme, i.e. Zone profonde, Zone quiscente, Zone |
sous-turbulent, Zone subturbulent, and Zone turbulent, in order of
descreasing depth, each of which is characterised by particular facies (in
the original sense of the word - see Erben 1964, p.61). indicative of shelf
or.basinal environments. Thus a gradual buildup of a reef bank with
decreasing depth and increasing turbulence is characterised by particular
sediments and by associations of particular organisms in the same way as
the transition from Schwelm to Dorp facies and subsequent subfacial
differentiation has been recognised in Germany. An advantage of the
. bathymetric expression of tectonit evolution 1ies in the more direct
appreciation of both the vertical and lateral facies variations. In the
same way the tendency of the Belgian students is to talk in terms of
trénsgressive and regressive phases, of relatively stable phases and of
transitional phases, each characterised by events which may include
‘reefal' developments. »
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"The precise rhythm of the Hercynian movement which controlled the
different facies is much better marked by the organisms than by the sediments”
(Tsien 1971, p. 135-6). '

The distribution of organisms across various reef-complexes has been
demonstrated in many publications (e.g. Krebs 1971, fig. 7, p. 47; Krebs
and Mountjoy 1972, fig. 7-8, p. 305). There is much debate over the
significance of some forms, the environmental tolerance and the value
which can be attached to the absence or presence of others. The question
of whether of not stromatoporoid accumulations formed wave resistant, rigid
frameworks, is yet to be answered, but this is outside the scope of the

present study.

~Jamieson (1969; p. 1327-1337) has reviewed the Various'interpretations
applied to the Devonian 'reef' - faunas, whilst Tsien (1971, p. 136-145)
presented his .viéws on the wh o]e spectrum of contributing organisms.

"The Devonian carbmate complexes and shelf carbonates of Middle ‘
Europe reflect the palaeogeographic differentiation of the Variscan Geosyncline"
(Krebs 1971, p. 51). Krebs distinguished five types of carbonate complexes
(A, B], Bz,.B3, C) in Central Europe, these being variously developéd‘on
the external shelf on the Brabant Massif, within the Rhenish Trough on local
(volcanic) highs, and on the internal shelf of the south. - Krebs and
Mountjoy (1972, p. 297) also distinguished five types (1-5) of carbonate
bodies, seeming!y comparable to A, B],'B2 and C'p1us one more,

Type A (=1) are isolated carbonate complexes involving bank and
reef developments built on submarine volcanic rises within a basin or
geosyncline. '

Type B (= 2) are isolated carbonate complexes (bank and reef) at the
shelf or platform margin. - :

Type 7] (= 3) are isolated reefs on banks within the exterral shelf
or p]atform | ' o ' -
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Type By are biohermal reefs, (see above). These are developed only
on the southern flank of the Dinant Syncline in Belgium (stages Fogr Fops sz).

Type € (= 5) are extensive banks forming on shelves or platforms
and sometimes .interfering with littoral deposits.

. Type 4 of Krebs arid Mountjoy are buildups fringing a landmass.

Within the German.reef complexes, Krebs has also distinguished‘many ‘
microfacies.  Here is not the place to examine each, but suffice it to say
that he -outlined eleven facies types in the back reef limestones of the
eastern Rhenish Schiefergebirge (1968b), five of which he judged to be
intertidal and others subtidal. Krebs (1969) distinguished seven types of
fore reef limestones, and in the Meggen Reef environments he (1972) was
able to divide the complex into eleven microfacies, each characterised by
“§pecific bio- and litho~ characters.

Regional and structural context -

The deposition of the Plymouth Limestones took place in the Amorican
Province of the Variscan geosynclinal belt which extended eastwards embracing
the areas of North-west France, Belgium, and the German Rhineland. Further
eastward lay the Polish embayment,'and southward there was a sea connection
to the Barrandian basin, and to Spain and North Africa. Similarly, there
was clearly a sea link with North America, and this was probably trans-
Arctic rather than trans-Atlantic (House 1968, p. 1067). All these
connections are established by distinct faunal relations, and it is to be
expected that conditions which led to magna-facial differentiation, are
comparable throughout. ‘

The European tract, the Cornubian-Rhenish Geosyncline, lay to the south
of the 01d Red Sandstone Continent, the approximate shoreline of which is
well delineated. Parallel to this 1ie the longitudinal structural units
of the Variscan Orogeny, which are thus superimposed on the broad longitudinal
divisions of the geosyncline resulting from the southward deeping. To
the south, a landmass has been‘inferred}in.permany from the clastic '
nature of the sediments (the Franco-Alemannian Island), while in Belgium the
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Rocro1 and Stavelots Massifs are thought to have been sma11er islands
w1th1n the geosyncline.

In Germany, Erben (1965,p.55) recognised three belts trending (as the
coastline) roth]y north-eastwards. The northwestern belt was makgina]
to the 0.R.S. continent and was characterised by great subsidence and
accunmulation of a thick clastic sequence. Mithin this belt, the
geosynclinal floor was "broad1y corrugated" into a few longitudinal ridges
which were sometimes emergent (e g. Siegen ridge). A central belt was
characterised by numerous small submarlne ridges on which carbonate .
deposition took place while in between argillaceous sediments accumulated
in the basins; subsidence was slow. A southeastern trough was of a

uniform nature and within it an intermediate thickness of shales and carbeonates

with occasional sandstone intercalations accumulated. This tripartite
division of the Rhenish Geosyncline was effectively unaltered during the
Lower and éarly Middle Devonian, but during the Upper Devonian the wide-
spread transgression changed the picfure somewhat. The distribution of
the Rhenish and Bohemian (Hercynian) magna-facies, the esseﬁtial.differencé
between which is in the sediment type, itse]f related to the distance from
shore (sandy ‘and nearshore; muddy, calcareous and offshore, respectively), =
was transposed onto the above troughs in such a way that'the'Rhenish
magnafacies was at first widespread and progressively retreated northwards
as the amount of clastic material from the 01d Red Sandstone continent
decreased. A mixed facies was developed in places. This nerthward
transgression is well documented and can be similarly recognised in Belgium
and in South-west England (see Erben 1965; fig.2, p. 58 for the German
situation). |

Within the Belgium Devonian, Tsien (1971, p. 121) has noted the
existence'of a number of transversal axes of subsidence with alternating
"bulges" on which 'reef' formations are better developed. These cross the
longitudinal divisions of the Dinant and Namur Basins etc. (see Tsien 1974,p.8).

In South-west England the 1ongitudiha1 structural units trend east-west.
" A northern region of North Devon and West Somerset is comparab]e with the
northern belt in Germany insomuch as it is character1sed by a thick clastic,
near shore sequence. The Culm sediments mask the Central Devon region -
and consequert]y there is no 1nformat1on on the nature of the Devonian ‘rocks
here. '



‘In Cornubia there has been speculation about the existence of a
southern landmass. The Gramscatho greywackes of southern Cornwall are
thought to derive from a geanticimal cordillera rising in the south
(Simpson 1951, p. 61) and Braithwaite (1967, p. 318) posed the question
of whethér‘such an area is now represented by the Lizard, Eddystone,
and Start Point metamorphics. Marshall (1962, p. 19-20), from a study
of small structures, considered the Start Schists and the Lower Devonian
- Dartmouth Slates to the north, to be part of the same orogenic cycle,
and thus "..... for the schists to pre-date the slates, one must conclude
" that no major structural break.exists between the Silurian and Devonian
in South Devon". - The base of the Devonian is not seen in South west

England, though Sadler (1973, p.542) reports the Cedinnian Icriodus woschmidti
postwoschmidti Fauna from a limestone lense within the Roseland Volcanics of

of South Cornwall,

Hendriks (1959, p.254) regarded the Staddon Grits as having formed
on a ridge or geanticlinal schwell. Hendriks (1951 p.256,d292) considered
the grits to be a flysch deposit and linked them to the Gramscatho
flysch. Hendriks (1952) distinguished two regions in South West England:
the over ridden and the over-riding, the former being divided into a number
of geantridiral ridges of which the Staddon ridge'was one. It seems that
the Cornubian trough may also have been divided bty secondary longitudinal
ridges}_ Dineley 1968 (p.11) has described a second phase in the "Tectonic
timetable" of Cornubia characterised by the differentiation of the
geosynclinal area into deeps and shoals in'responSe to varving degrees of
doanarp."' As in Germany, submarine vulcanism, sometimes strong, is
associated with these mobiles belts and must have contributed to the
sha]1oWing in some areas. The intra-Devonian movements of the geosynclinal
- floor were epeirogenic and resulted in localised non-deposition or
occasioha]]y in erosion (Erben 1965, p. 56), as well as widespread volcanism.’

Léca] context

s

~In South Devon, the Dartmouth Slates, which are comparable with the |
non-marine 01d Red Sandstore, are the oldest Devonian rocks known and appear
to represent a relatively uniform continental phase preceding the marine
sedimentation of the over-lying Meadfoot Beds. South of Plymouth, the latter,
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dominantly argillaceous beds, pass northwards into the Staddon Grits,

These are, in the main, sandstones with subordinate shales and include
conglomerate bands apparently lying on erosion surfaces (Dineley 1961,.p.12).
Hendriks (1951, p. 281) consideréd the slates to the south of the Grits

in Bigbury Bay and those to the north in Jennycliff Bay were of an

identical age, a propos ition subsequently supported by the structural work
of Eyson’(1962, p. 209-10).  Hendriks (1951, p. 289) was in no doubt that the
Jennycliff / Staddon junction marked the base of the latter, reiterating

the view of the nineteenth century geologists. These horizons have
yielded Spirifer cultrijugatus, indicative of a Lower Couvinian or Upper
Emsian age (German usage) (Dine]ey 1961, p.13), whereas the surrounding
slates ( in the north, everything south of the "? Great Thrust" of Batten
Bay) were considered by Hendriks (1951, p. 281, 290) to be Siegenian -

or Emsian.  Thus Hendriks conceived the Staddon Synclinorium and later

she (1966) incorporated this in expounding her belief that there were four
‘unlike facies of Middle Devonian age in South Devon and Cornwall, the
Staddon Grits and the Plymouth Limestone being coeval. Dineley (1961,
p.12, fig. 4) thought there was a "strong possibility" that the Grits and
the shales of the Meadfoot Beds, were in part lateral equivalents.

~ Latterly, the Staddon Grits have been considered as no older than
Emsian (Goldring et al, 1968, p. 9), the northern margin teing the top.
Though the author is not aware of any palaentological evidence suppdrting
this, 1t does seem likely particularly in view of the conodont evidence
from the northern slate belt which indicates a high Emsian age in Rum
Bay and clearly places the Durness Point argillaceous limestones in the
low Eifelian. Hence there is northward younging hereabouts, but the
structure is so complex that no interpretation can be ruled out.

In terms of magnafacies, Erben (1964, p. 104) considered the Staddon
Grits, and, to a certain degree, the Meadfoot Group to be of Rhenish aspect,
whereas the grey slates with some horizons rich in crinoid ossicles were
~ trensitional to the Hercynian magnafacies, the advance of which resulted in
the 'infrafacial’ differentiation of the region. Thus in Cornwall,
the Trevone deepwater argillates (Gauss and House 1972) correspond to the
Badeholz infrafacies while the shallow water limestones of South Devon are
of the Koneprusy infrafacies type (see Erben 1964, tbl. 2, p. 103).
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Within the mid-Devonian geosyncline the areas of carbonate deposition
are centred on Plymouth and around Torbay (Newton Abbot - Torquay - Brixham)
as well as small isolated developments at Brixton, Yealmpton, Modbury and
Ugborough. It may well be that these carbonates arose in responSe to a
variety of factors which were not necessarily the same in all these centres.
Krebs (1971) has discussed the distribution of various carbonate comp1exés
in Central Europe and indicated some such differences (see carbonate environments).
The palaeoenvironmental situation of the carbonates has been variously '
interupted. Edmnonds et al,. (1969, fig.8, p.22) pictured the thick limestones
as occupying a position on the' edge of the shelf bordering the 01d Red '
Sandstone Continent though elsewhere (fig. 11, p.28 and p. 29-30) they
envisage areas of local shallowing, in parts associated with volcanoes, within
the "deep sea". Scrutton (1971, fig. 4, p.7 and oral communication 1974)
in his'study of the Torbay environments, recognises a restricted environment
to the north (Mewton Abbot area) behind the massive stromatoporoid banks
and bioclastic limestones southward and seaward (Torbay area). In contrast,
Braithwaite (1967, p. 318) favoured a southerly provenance, one of Tow
relief, including relatiwely high metamorphic¢ grade terrain, and at no great
distance. The latter author considered the Devon carbonates as a whole,
yet it is apparent that it is not possible to make generalisations about _
provenance. The Torbay complex would appear to have developed on the south
of an area of shallowing whereas available evidence suggests that within
the Plymouth carbonate complex, a restricted environment was developed in
the west- and south (-west) (see on). A picture emerges of local highs, or
geanticlines of authors. | '

The Plymouth situation

The transition from shale into limestone is seen only in one area of

- Plymouth, that is to the nort east, in Princerock and Saltram (see fig.18)

where there is:a small thickness of shale immediately to the south of the
presumed fault zone which brings down Upper Devonian variegated purple and
green slates to the north.  The southern margin of the limestone is in
faulted and plicated contact with slates and volcanics south of Mount
Batten while on the Cremyl (Cornish) coast a major break is inferred from
the preobable upward facing nature and Upper Devonian age of the limestones
there. To the east, the limestone appears to die out into shales, in part
calcareous, and volcanics, mainly tuffs. MWestward, the termination of the
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limestone is quite abrupt in the vicinity of the Tamar where volcanics
are widespread and where the Wearde Grit is also developed; beyond, the
Middle and Upper Devonian are developed in pelagic facies. '

_ “(The Limestone) rests on clayslate, alternating with it, at the place
of junction, in a remarkably distinct manner, tables of limestone, of a few
inches in thickness, and many feet in length, appearing in considerable
numbers, as may be seen at the western landing place of the Flying Br1dge
(Hennah 1824, p.9). : ~

Thus the transition froh'the dominantly argillaceous rocks are seen
on the'margin of the limestones in northern Princerock (SX 499543) and Laira
(SX 500543) west of the Plym. (fig. 9) and east of the Plym near the
entrance to Saltram Quarry (SX504543 ; fig. 8) and northwards in that quarry:
To the west, what appear to be the transition beds at the northern end of
Richmond Walk (SX 461544) are younger (fig. 13). .

The (1arge eyed) Laira trilobites (the first tr11ob1te 1oca11ty in
the area) are found some five metres below the earliest coral-stromatoporoid
'11mestones, in an association of small horn corals, frilly brachiopods, :
fenestellid bryozoans, OStracéds and occasional small tabulates - the-
'Rubenriffe' biotope ('Beet-reef') of German authors. According to C. Burton
(1971, written communication), the trilobite fauna contains elements of both
Rhenish (phacopids) and Bohemian (otarionid) aspect and probably lived in
conditions of turbid, rather muddy water of about fifty metres depth (dysphotic
 Zone). . Burton has tentatively dated the tr110b1tes as Middle-Upper Ems1an
or poss1b1y Lower Eifelian., This development may thus be equivalent in
‘age to the Staddon Grits in part in which case one envisages a gradual
deepening northwards from the latter. During_the Lower Eifelian, a facies
represented by pyritic, lenticular argillaceous Timestones and shales with
a fauna of smooth ostracods, dacryoconarids (Nowakia) microgastropods,
fenestellid bryozoans, micro-bryozoans, crinoid ossicles,

and conodonts, is developed at Dunstone Point (SX 489526) and at the southern_

end of Richmond Walk (SX 459540); the latter, which is brought up by a fault,
may be a Tittle younger. The conodents are almost exciustve]y jicriodids,.  The
faunal association is typically Bohemian (see Erben 1965, taf. 1, p.56)

and in some respects resembles the flinz-facies of German authors which '
characteristically develops in rather restricted environments with poor

water circulation, though one which is still open insomuch as normal



- 180 -

marine, pelagic organisms dominate. However, since tne bryozoans and crinoids
represent benthonic elements of the fauna, the bottom conditions were not
stagnant and were prbbab]y quite shallow, though in no way turbulent. These
argillaceous sediments and the contained fauna has elements of both the

"Zone profounde” and the "Zone quiescente" of Lecompte's (1968, pl.1V, p.26)
basinal bathymetric scheme. At Durness Point at least four metres of
these‘carbdnates represent the first limestone development of any

consequence in the area. This facies has not been found in the 'sublimestone'

,transjtibn beds of Princerock but it may be that the 'Beet-reef' developed

there is at a comparable stratigraphical level. If this were the case,

the area was deVe]opihg in the lowest Middle Devonian on at least two
different facial lines. Above the Laira trilobite-bearing slates and beneath
the limestone (which is thought to be Middle-Upper Eifelian in age) there

may éxist a structural break or perhaps a sedimentary hiatus; - alternatively,

. the shale sequence may be very condensed, but there is no evidence for this

either. It does, perhaps, seem more probable that the trilobite faunayis

older than the Lower Eifelian-in which case equivalence to the Staddon

Grits seems probable. This being the case, the transitional (Rhenish->
Bohemian) dark slates of Jennycliff Bay, to the south of Durness Point,
would either be contemporaneous, in which case there would be some:
justification,fok the idea of local "schwelles"; or, an unknown thickness
of shale is not (presently) represented beneath the Laira limestones. In
the latter case, there would also be some grounds for suggesting local shallowing. .

Northwards along the Mount Batten coast from Dunstone Point,
the section continues, with much faulting and plication, in dark shales,
volcanics and subordinate 1imestone beds and lenses, often crinoidal. The
bfown and pale green volcanics are often tuffs, sometimes vesicular, but
{nclude much sheared and highly altered materié], the original nature of
which is obliterated. Zaphrentoid corals occur occasionally in the slates

(see Smith 1951). Sauth east of Mount Wise (SX 458539) dark shales with

volcanic horizons are also known to the south of Richmond Walk. It may

be that these continue higher in the succession than in the east ( see later).
The volcanic horizons mark the latest phase in the activity which is well
documented through the Lower Devonian of the area. The volcanic belt strikes
cast-west. It has been traced by Ussher (1912) bordering the main limestone
outcrop to the east at Hocelake, Plymstock and beyond. To the west, thick
green tuffs are met with on Drake's Island (SX 467528; fig. 16) and in
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Cornwall along the Empacombe coast and in Southdovn Quarry (SX 435528).
‘Bordering the Hamoaze, there are many varied volcanics at Torpoint, Devonport
and Barne Barton (Ussher draws a northern 1imit to the volcanics at about
the line of the present toll bridge) while in the immediate vicinity the
Wearde Grit is developed (at the Lynher-Hamoaze confluence). There is no
evidence forthcoming for the agé-of these western volcanics, but on Drake's
Island, a limestone raft within the tuffs appeérs to date from the mid to
late Eifelian, so,allowing a little time for consolidation (probably rapid,
cf. Braithwaite 1967, p. 299) and subsequent incorporation, this puts a
Tower Timit on the age of these tuffs . Northward, tuffs are recorded
sporadically in the Togs of d{tches and boreholes compiled in the last
century (e.g. Ussher 1907, p. 59-61) from north of The Hoe and

eastwards there is also tuffaceous material near the base of , and .
mixed with, the Timestone in Princerock. The Tlatter - dark, thin-bedded
and argillaceous - are considered to be Upper Eifelian in age and thus

the age of the tuffs, both here, on Drake's Island and on the Mount Batten
coast, are thought to date from the Middle-Upper Eifelian.

It has been suggested by several authors that volcanism played an
important role in the formation, and maintenance, of shallow 'shoals'
on which the carbonates accumulated. The volcanism was probably also
responsible for the periodic destruction of organisms by poisons effusions,
‘the blanketing effect of the pyroclastic material and because of the
associated crustal movements. In Germany, type A carbonate complex
of Krebs 1971 is characterised by an under]ying volcanic bhase vhich is also
responsible for giving relief to these isolated rises within the basin.
Braithewaite (1967,'p; 315) suggested that "local highs on the sea floor
resulting from movements associated with volcanic activity may have
acted as centres of deposition”. . Richter (1965) considered that during
much of the Middle and Upper Devonian, volcanic activity interupted the normal
accumulation of sediments, and that only at times of reduced activity could
the biogenic Timestones accumulate. Richter's observations were made
in the Torquay area, as were those of Holwill (1966) who thought that the
tuff originated from subaerial explosions or forceful submarine activity
which blew ash into the air to be subsequently depositéd over a wide area.
The 'schalsteins' (diabasic tuffs) probably grade into, and interdigitate
with Timestone Tocally but these relationships cannot be established in
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Piymouth due to later tectonism. However, it is clear that immediately
nreceding and associated with the establishment of a carbonate environment
in south-west Devon, there was a period of widespread volcanism. This was
presumably related to the mobility of the geosynclinal floor which itself

may have contributed to the change in bathymetry which heralded the limestone
deposition. The (present day) distribution of the volcanics suggests a
centre of activity in the south; similarly the relatively reduced thickness
to the northindicates this was more removed from the source. Elsewhere

in Devon, volcanism of this age is known south of Newton Abbot (Mfdd]eton.
1960), though the extensive Ashrington Group is thought to be later (Tow in

Upper Devonian).

The Upper Eifelian is represented in Princerock by dark thin-bedded
or slaty, argillaceous limestones. . There is, especially in the lower
horizons, quite a Tot of interbedded shale and, though Braithewaite (1967,
p. 295) though_this might be a result of pressure solution of limestone
margins, the environment was certainly quite muddy.

Upward, the beds became increasingly more calcareous and the fauna more
prolific. Solitary Rugosa are the major faunal element but small
stramotoporoids and branching tabulates are common and. the former is found
encrusting solitary corals in some places. Pools of crinoidal debris are
common throughout but scme horizons contain quite large, articulated
columnals. Small brachicpods and sponge spicules are occasionally found
in the shales and amongst the microfauna vertebrate phosphatic debrfs,
occasional bryozoans, ostracods and dacryoconarids accompany a conodont
fauna dominated by the simple cone group, principally Belodella. This
concdont usually comprises about 50% of the fauna (see figs. 9, 19) but
maybe as much as 80%. Polyqnathus linguiformis, simple polygnathids,
icriodids and spathognathids arelminok but important constituents, vhich
appear to vary in relative numbers from place to place, but overall are
represented about equally. The environment represented here seems to

be one of low-medium energy, perhaps the under-turbulent Zone of the
Belgians. ‘ '

~ The lower limestones of Coxside (SX 485541) are'an equivalent
development in which one can see great numbers of Rugosa, éspecia]ly N
cystifers, as well as the cclonial 'Cyathophyllum' and tabu]afes (e.q.
Heliolites) set in a muddy matrix.. A little higher in the succession

e e A g e ket e P
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small stemmed fasciculate corals are common at one horizon. The cystifers
are large and generally haw a straight, cylindrical form while
stromatoporoids from these levels are small and dome-like. These sediments
and fauna also suggest a low energy, under turbulent conditions. The
Eifelian has not been proven elsearthere but in the eastern outcrop, the
limestones of Saltram Quarry'(SX 504543; fig. 8) and in the inverted

area of Hooelake, lateral equivalents are probably-represented by dark,
argillaceous, rather barren limestones. In Saltram Quarry, the fauna is

'1imited_to a little crinoidal debris and rare tabulates while at the base

of the succession at Hooelake, Amphipora is often the only fossil.

Evidently, these western and southwestern areas were somewhat restricted
environments. The Tatter horizons are seen again at Mount Batten and probably
extend through the Lower Givetian at least. . The environment, it appears, may
have been a back reef or sub lagoonal one and it dis notable that no

conodonts have been found in strata older than Lower Frasnian west of the

River Plym or south of the Cattewater (within the main limestone outcrop).

In the Lower Givetian, facial differentiation becomes clearer. ~ In
‘the east and southeast, argillaceous Amphipora micrites with occasional solitary '
Rugosa, tabulates and stromatoporoids with invaginated flanks dominate.
In Hooelake Quarry, the limestones become thicker bedded and there are :
occasional horizons rich in solitary rugosa. In Pomphlett Cuarry
(SX 504543) and in Saltram Quarry (SX 511545) Braithewaite (1966, p. 187;
1967, p. 298) has noted the occuwrence of muddy intraclasts which are cited
as indicating'erosion of consolidated carbonate mud synchronous with normal
Timestone deposition. '

Westwards, the Princerock succession continues southwards through
Cattedown in often richly fossiliferous, thin to thick bedded and finally
massive, limestones. The lower horizons in the Cattedown (SX 494539; fig.10)
and Esso (SX 493539; fig.10) Quarries contain local concentrations of bioken
and disarticulated shelly materﬁal and fine crinoidal debris., Such horizons
alternate rapidly with relatively unfossiliferous muddy micrite beds at the
base of which the occasional coral or stromatoporoid appears to be colonising
the preceding surface of bioclastic debris. Such alternation is evident through
much of the Cattedown section, and suggests a rapidly fluctuating environment.

" The sediments in the northern belts are dominantly pelsparites and calcilutites

(Braithewaite 1966, p. 185). Individual beds of detrital 1imestones
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locally show 'wedging' and two-wa grading: "Traceable over several metres,
the lack of orientated fossils and absence of internal depositional features
suggests the bed (s) was deposited as a unit" (Braithewaite 1967, p. 297).
The macrofauna often consists of broken (but not abraded) corals around which
up to three generations of stromatoproid and tabulates (Alveolites

commonly) have encrusted, also suggesting rapid, albeit subtle, changes in
the environment. In so much as these generations of 'encrusters' must

have been in continual competition, each dominating or declining in response
to slight changes in the environment, it is nevertheless clear that as a whole
they shared similar tolerances and all appear to have been prolofic.

Tsien 1974 (p. 23) considers the encrusting morphology is an adaptation to
increased salinity and decreased water circulation. Besides the
encrusting stromatoporoids, massive forms are common. These include
bulbous forms, the point of attachment to the substrate still evident,

small spherical 'tennis balls' which 1ikely arise from dislodgement of the
former, and large, expansive low 'mushrooms’. ‘That these, and associated
Thamnopora 'rasens', colonised a Substrate of bioclastic debris is evident,
but the degree of cohesion of that substrate is open to question. Often,
though not always, the contact is a_bedding'plane and Braithewaite (1967,

p. 294-6) has discussed the meaning and significance of these, but concludes
only that they are indicative of some change in the conditions of supply

or transport. They must certainly represent a real break in the continuity
of the organic pile, but there is no evidence for an intervening period of
erosion or emergence.

In at least two localities, (SX 495537; SX 493537) stromatoproids are
very important and appear to have developed to the exclusion of all else.
These 'bloc-riffes' of massive stromatoporoids come nearer to a true reef
development than any other known in Plymouth and they have seemingly
resisted the forces of transprt that have affected much of the
surrounding, locally prolific, organisms, though it must be stressed that
the sources of derivation were probably very close. The situation:
envisaged is one of periodic turbulence which had the effect of dislodging
organisms, sometimes breaking them, and gently rolling them over (hence
even encrustation by other orgaisms). Influx of muddier sediments
brought finer bjoclastic material from elsewhere (not necessarily very far)
and subsequently this provided a substrate for further colonisation; the
larger stromatoporoids were able to survive such influxes by virtue of their_
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greater size and by vertical, as cpposed to lateral, growth,

From the dark, thin-bedded, often bituminous, limestones of northern
Cattedown, conodont faunas are still dominated by Belodella but
Polygnathus linguiformis is locally abundant. Icriodids, spathognathodids and
simple polygnathids are also represented. Southwards, in the direction of .

_younging, the beds become thicler, less argillaceous and more fossiliferous

and it is these horizons in which stromatoporoids locally dominate; no
conodonts have been found but they are considered to be mid-Givetian.

To the west of Coxsidé, the 1imest6ne above prbven Eifelian strata
also becomes progressively less argillaceous but residues continue to be
pyritic. The limestones are thin bedded to massive, coarse biosparites.
The fauna includes articulated crinoid stems, lamellar Alveolites and
stromatoporoids, and_SO]itahycorals. Hennah (1824, p. 34)_records
"a most perfect specimen of Encrinite" from hereabouts. The size and form
of the macrofauna suggest an underturbulent condition. Conodonts are not
common but within the faunas retrieved, Icriodus is the dominant element
with Belodella and Polygnathus linguif armis of secondary importance. On
Drakes Island very similar conodont faunas have been yielded by the rather
dolomitised but probably identical limestones 1in the western part of the
island.

Further westwards, no evidence for the lTower Givetian is forthcoming
within the main Timestone mass but across the Tamar to the north, the
turbidite-1ike limestones of Neal Point (SX436613; fig.16) are considered to
date in part from this time (Matthews 1962, and herein).  These are
thin-bedded, argillaceous and pyritic limestones interbedded with shales in

‘which criconarids are found. Poorly preserved and fragmented tabulates

occur in some of the limestcnes whilst others have produced a conodont fauna
the composition of which is not unlike that of the limestone in northern
Cattedown.

Limestone deposition appears to have reached its maximum during the
upper Givetian. Proven strata of this age comes from Coxside, Richmond
Walk, Mount Wise and also from Botus Fleming, across the Tamar. Comparable
strata are inferred at Western King, southern Cattedown, in the Plymstock area,
at Hooelake and at Mounttatten. The vhole of the Hooe foreshore is also
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thought to be of Upper Giwetian age, as are the northern beds of Cremyl.

The southern limestones of Cattedown (e.g. Fisons Quarry, SX 495536;
fig.11) are thick bedded to massive, very pure, biomicrites. The fauna,
often prolific,is similar to the Tower beds with massive stromatoporoids
(expansive, dome like) alternating with coarse bioclastic horizons containing
coral, stromatoporoids and crinoid debris; 1less common are muddy horizons
with isolated <solitary Rugosa.  Thamnoporoids are locally abundant and
form rasens.  Southward, Amphipora becomes more important and this fills

some beds in the southernmost outcrop (SX 495535).,  No conodonts have
been found. ”

Across the Cattewater, similar beds are found at Mount Batten though

‘ here,'and at Hooelake, the Timestones are thinner bedded and more
_argillaceous. Eastwards, in Bedford (SX 504538; fig.8) and Pomphlett Mill
- (SX509538; fig. 8)Quarries, equivalent strata is also dark and argillaceous.

In the latter, there are local concentrations of abraded corals having the
appearance of current sorted accumulations..

Towards the west, the highest beds of Coxside, in Dead Man's Bay
(SX 486538), are richly fossiliferous biosparites which gfve way to thin
bedded, pink crinoidal limestones. lMasses of stromatoporoids and Alveolites
suggest a turbulent, agitated environment while Braithewaite (1967, p. 298)

-noted muddy intraclasts from hereabouts too. The conodonts include

Belodella, Ickiodus, Polygnathus linguiformis, Spathognathodus and simple
polygnathids, the latter being the most common in these not over-abundant
faunas. Along the Hoe foreshore, massive white weathered limestone, very
similar to that of southern Cattedown, is found. The eastern outcrop is
richly fossiliferous and bioclastic material is negligible whereas to the
northwest in the higher horizons this is common. | | '

The lowest beds of Richmond Walk (SX 461545; fig.13)are thin, irregularly’
bedded dark, argillaceous and pyritic limestones. Faurally, these are
characterised by Heliolites (or Callopora) and stromatoporoids in intimate
association, if not in situ , certainly not far removed from their growth

- positions. Both have a Tamellar form, though smaller ovoid Heliolites

(in two dimensions) are found within associated bioclastic beds. The latter
contains much fine crinoidal debris and solitary Rugosa vhich increase in
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size upward through individual beds, finally giving way to 'spreads' which
appear to colonise the surface of the debris. These black bitumous
limestones have yielded a conodont fauna in which Belodella is dominant,
and Polygnathus linguiformis, Spathognathodus and the simple polygnathids
are equally represented; the complete absence of Icriodus from the fauna -
and from all faunas of a Givetian age in the whole of this western area, is
considered to be of undoubted significanée. The macrofauna and sediments
suggests an argillaceous sub-turbulent environment. Southwards and
upwards the limestone becomes less argillaceous, thicker bedded and more
dominantly bioclastic in nature. Some horizons (best seen on the long
cast wall) contain large, massive, hemispherical stromatoporoids, unbroken
but obviously transported; one envisages them having 'floated in' to their
present position. The irregular form of some suggesfs the turbulent zone
of the Belgians, and it is thought that they originated in clear, agitated

_water and that they were subsequently transported into the quieter, muddier,

environment represented here. - The debris-rich ‘packstones' are probably the

'product of an even more turbulent environment; some fragments are coated

with stromatoporoids. Braithewaite (1967, p. 295) noted the wedge shape
of some of these beds and the fact that they lack internal Tamination.
Braithewaite (p. 297) furthermre suggests a series from in situ organisms
through stromatoporoid breccias to these detrital beds of Richmond Walk in which
the mud content is considerably diminished. He felt that the deposition
was not primarily the result of normal current activity, but he did not envisage
flood sheets. The greater breakage and degree of sorting, the Tow mud
content and the wedge-bedding indicate a large distance of transport, and
swift depositional currents (Braithewaite 1967, p. 302).

The brachiopod bearing horizons at the Dock Yard (no longer exposed),

| Mutton Cove (SX 453540) and Mount Wise (SX 455541; fig. 13) are thought to
represent local shell beds s imilar to those of Lummaton and Wolborough, and whi] t

those localities have produced a more varied macrofauna, the richness
of the conodont fauna from Mount Wise is much more abundant and varied.

Pelodella, the Polvanathus linquiformis group and the simple polygnathids

are about equally represented, but over half the fauna consists of bars and
blades; Icriodus is totally absent in a studied fauna of about one and half
thousand elements. 'Solitary corals, fenestellid bryozoans, rare bivalves and
gastropods and articulated crinoid ossicles are also found at Mcunt Wise
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which is considered to be a small lenticular, bank-like accumulation
within a relatively quiet environment. -A comparable

shelly fauna mentioned in the literature is in Stonchouse (=St. George§
Hall), east of Richmond Walk, but the locality no loncer exists for study.

In Western King, at Devils Point (SX 459533), the Upper Givetian is
characterised by a very different facies. These limestones are very rich
in solitary and colonial Rugosa, tabulates and stromatoporoids which often
fill the rock completely. The iimestone is quite muddy and crinoid ossicles
are scattered throughout. Alveolites occur as lamellar forms vhich sometimes
appear to have been rolled into spherical forms, so presumably the
environment was somewhat agitated though not as turbulent nor as shallow as
the contemporaneous Cattedown limestones. Except for a few fragmenfry
undiagnostic forms, no conodents have been found. Comparable levels are
. seen across the Hamoaze in northern Cremyl. '

Across the Tamar and into the basinal facies, the argillaceous, pyritic
Timestones of Botus Fleming (SX 409612) have yielded conodonts of high Givetian
age, This refutes Ussher's belief that these were of Upper Devonian age
(1907, p. 74). They contain an abundant fauna of stick tryozoans, smooth
ostracods, Nowakia and microgastropods, while small rugosa and crinoid
ossicles would appear to suggest derivation from a near reef source. The
conodont fauna is dominated by Belodella and while most of the other common
elements are present, Icriodws is not.. Some of the MNeal Point limestones may
be correlative too. |

The lowest horizons of Upper Devonian age are found in Vest Hoe (SX 474538)
and though the preservation of the conodonts is poor and reworking cannot be
ruled out, their position at the top of the massive limestones of the Hoe
suggests that this facies spanned the Middle-Upper Devonian boundary in
this immediate areca. To the west at Eastern King Point (SX466535) and in
Western King (SX461533) particularly, the proven Upper Devonian horizons are
lithologically and faunally different from those immediately below. The
latter (to the north) are thi der and pale grey with a fauna of solitary
corals and stromatoporoids, while those above contain Rugosa, lamellar
stromatoporoids and Alveolites and beds of pink crinoidal limestone. The latter
are thinner, morc argillaceous and are inter-bedded, with red shale.
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Conodonts from below the 'boundary' are few and undiagnostic, whereas from the
pink crinoidal matrix above, a rich fauna includes typical Frasnian forms.
Icriodus, Ancyrodella and the wide plated polygnathids are well |

| represented, simple polygnathids less so, and Belodella only sporadically;
higher in the succession Palmatolepis is also represented. - Some beds are
rich in Rugosawhereas others contain much debris in a red argillaceous
matrix. The lamellar stromatoporoids are often very long and they must be

in situ or only slightly transported. The environment envisaged is a
relatively deep one, deeper than most represented in the Plymouth Limestone,
in which the organismé were subjected to little turbulence though periodically
debris was introduced from a higher energy source: a seaward slope, or a ‘fore-:
reef' situation. This facies persists for approximately 20 metres, but
tdWards'Western King Point the beds become less argillaceous,thicker bedded

to massive and take on a more 'reefal' aspect. The highest beds here are

not dated by conodonts but are thought to be high: - in the Lower Frasnian.

Comparable horizons can be traced on the Cornish coast - the Barn Pool
Limastones (SX 456532), but here diagnostic conodonts are scarce and Icriodus
and partjcu]arly the simple polygnathids are dominant. Nothoanathella is
found to be an important constituent of some samples here. The Curnford Street
(SX 464536) cutting is in Frasnian Limestones too and a fauna from the top of
the section confirms the persistence of carbonate deposition into the Middle
Frasnian, These 1imestones are, noteably, pink and red. The southern
limestones of Richmond Walk were thought by Taylor (1950, p. 153-4) to be
Frasnian but conodonts from here are worn, fragmented and of Middle Devonian
aspect, and though these may be reworked, no coral evidence exists for Taylor‘s
assertion.” These limestones are pure micrites, highly recrystallised
but with scattered tabulates still discernible. In some respects they
resemble the lower beds of Eastern King,those below proven Upper Devonian

strata.

In Cattedown, it is not known whether the Amphipora - micrites persist into
the Upper Devonian. The same applies to the northern beds of Turnchapel
and Hooelake sequences which are very fine grained, pure and sparsely '
fossiliferous.
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In Radford Quarry (SX 505532) however, firm evidence for the Upper
Devonian comes from both ends of the inverted section. The lowest beds
equate with those of Yestern King. These are dark, reddish-grey, argillaceous
and thin-thick bedded Timestones with no visible macrofauna, except for
the occasional crinoid ossicle. In common with the Western King equivalents,
they are interbedded (albeit irregularly) with red shale. The conodont
fauna is dominated by Icriodus with the simple polygnathids of secondary
importance.  The presence of Ancyrodella and Polvanathus asymmetricus
may be fortuitous (? swept into this restricted environment by strong currents)
but enables the correlation to be made. Morthwards in the quarry, the
limestenes thicken and beccmes less argillaceous while the conodont faunas
are invariably poorly preserved simple polygnathids. -The northernmost
beds have yielded Palmatolepis and. Ancyroanathus, again poorly preserved and
questionably reworked. A few Famennian forms are incorporated in the fauna,
but unfortunately they are rare.

A similar Palmatolepis fauna comes from an isolated ( ? tectonically)
‘Timestone outcrop, in Hooelake Quarry (SX249653]; fig.6) 1lying below red
shales, in part calcareous. Here, the red shales have not yielded a conodont
fauna and the same applies to the green shales overlying the limestone
in Langshill Quarry(SX 499532; fig. 6), the one locality where the contact
is clearly seen., Unfortunately the limestone in the latter quarry has also
failed to produce any conodonts, so the age of this transition remains unknown.
The evidence from elsevhere is always from the red beds which permecate much of
the limestone, and date from a time when the limestone was probably being
subjected to widespread solution and subsidence.

The Fison Quarry conglomerate (SX 493538) was first described by
Braithewaite (1967, p. 313) who was unable to present an explanation for this
unique deposit. The grey, apparently unfossilifercus, limestone clasts are
vell rounded and set in a red argillaceous matrix which has yielded from
several points on the north face of that (disused) cuarry a sometimes prolific
conodont fauna of Middle Frasnian age.  This includes, in order of abundance,
Icriodus, Palmatolenis, simple polygnathidss Belodella and the Ancvro aroup;
the bars and blades tend to he smll and fragile. This deposit is much
younger than the containing limestones, thought to be of mid Givetian age,
and it is worthy of note that the clasts are, in contrast to the former,
non-fossiliferous which suggests that they too are spatially and/or
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temporally distinct. Braithewaite noted the essentially local nature

of this deposit and the association of possible slump structures. It is
herein suggested that this deposit represents a crevasse infill within the
older limestones. It is suggested that synsedimentary tectonics may have
resulted in the initial fracturing of the old ‘reef core' and that the
Timestone boulders possibly originatina from the same episode and having been
meanwhile rounded by erosion were subseauently incorporated within the mud
matrix during a further phase of crustal moverent at which time the whole
melange may have slumped down,

A younger stratigraphic leek within the Plymouth Limestone has been
described and discussed previcusly (Orchard 1975). These are the
discordant red shale 'dykes', breccias and infills of solution hollows
seen in Vestern King and also in Durnford Street. They date from ncar the
Frasnian/Famennian boundary and are considered to represent firstly the
results of widespread solution of the dead reef followed by early Famennian
subsidence, the vhole being finally modified by later tectonics. Just
when limestone deposition ceased and the reef destruction commenced is not
known exactly since a long period of erosion and solution is indicated by
the mixed conodent faunas of the youngest limestones. The red calcareous
shales would seem to signal the onset of subsidence in much of the limestone
outcrop, but then we have the anomalous situation of green shales directly
overlying the limestone in Langshill Quarry, with no apparent sign of
disconformity. The details are still in need of clarification, but it does
seemn that during the Lower Famennian, and probably throughout the Frasnian, parts
of the Plymouth arca constitued a shallow marine area which may have been
emergent during the later part of this interval. ‘

Evidence from the Torpoint area, vest of the Tamar (Gooday 1975 - see
fig. 3) and arecas north of the limestme (House 1963) indicate the establishment
of the deepwater ostracod slate' facies during the Frasnian. This
contrast is probably exaqgerated by tectonics but the evidence for a Plymouth
Schwelle is strong. Unforturately condensed successions Tike that of the
Chudleigh Schielle are not known, though the presence of the Vearde-Efford |
Grits within the Upper Devonian Slate belt may be easier to explain in the light
of the sugaested local highs at this time.



- 192 -

Environmental syronsis

In terms of Europesan models, the Plymouth Limestone can be considered
as a carbonate-complex (sensu Krebs) or reef-complex sensu Tsien, A
bank or reef-bank seems an appropriate description of the earliest limestone
development; 1in the German nomenclature, the Schwelm facies is recoanised
during the mid-late Eifelian and early Givetian. Later Givetian limestones
are biostromal (sensu Tsien) ard, although the development of true reef
subfacies within .a: Dorp facies is not established, the author considers
there to have been differentiation of the carbonate environment into
relatively open and restricted situations. That this was caused by the growth
of 'biogenic structures' comparable to a 'true reef' is not certain, though
such structures are relatively minor in the well known complexes, comprising
only a narrow Zone. In Germany, within the reef phase of the Massenkalk, Krebs
(1968) estimates the back-reef areas to be about 80% of the total.

Maximum 'reef' development was during the late Givetian/early Frasnian
at which time the limestone denosition had its maximum spread, apparently
appearing in the west for the first time (R{chmond Malk area). At this time,
the centre of deposition is thought to have been in the Hoe-Cattedown area
which could perhaps be considered as the 'reef-core's, These latter vere,
nevertheless, restricted in the sense of being back-reef. To the east and
south-east, the rather barren, argillaceous limestones are judged to
represent a semi-restricted contemporaneous situation, perhaps a sublagoonal
one. In this case, one is forced to conjecture the presence of a barrier
in that direction. No limestones are known further to the south or east
which could have been the counterpart of an atoll-Tike development 'containing '
these restricted environments,  If such was not developed, then an area '
of shallowing with a fringe-reef develonment might explain the distributions.
Hence one must lcok in the direction of Staddon for such an area.

Vestwards, the area of Richmond Walk and Mount Wise represent a deeper
water, further scavard environment which, in part, may have received much of
the bicclastic material from the surf-zone of the 'barrier-edge' perhaps.
Scanty information from the southwestern outcrops suggests shallower areas
in that direction too, but this is near the hinge zone of the Tamar vhere
subsequent tectonism has confused the picture.
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A sudden subsidence in Lower asymmetricus Zone times is most marked
in western King where the facies is a relatively deep one. That this
event was felt throughout the area is witnessed by the lowest horizons of
Radford Quarry, though here the environment was still relatively restricted.
Renewed reef growth 1is 1nd1cated by the higher limestones in both areas wh1ch
~ have yielded mid Frasnian faunas. The western area seems to have been the
more unstable and fluctuated somewhat as the shale beds and (?) megabreccia
horizons testify. The 'reef-core' at this time is thought to have been
undergoing erosion and collapse. A late Frasnian and early Famennian record.
from the western and eastern.outcrops suggests a prolonged phase of reef
destruction and solution in these areas.

In Germany, 'dead reefs' are known to have remained exposed until
mid Lower Carboniferous time (e.g. Krebs 1967, p. 304) before being totally
incorporated into the sedimentation area. Others have a reduced Upper
Devonian sequence (e.g. Attendorn). Similar reefs have been described
from Canada (Pollock and Fuller 1972). It is not known when the Plymouth
area was thus incorporated; that parts of it remained above the level of
sedimentation for some time after the latest suggested subéidence_cannot be
ruled out. Certainly a source for the reworked Upper Devonian conodonts
in nearby Carboniferous sediments has been demanded (Matthews 1966). The
German examples are of the B1 type of carbonate complex of Krebs. In
many respects, the Plymouth Limestone is comparable with this type which are
isolated developments at the shelf or platform margin. One will infer
from the situation envisaged that a position on the edge of the northern shelf
is excluded. The suggestion of a southern landmass, and thus a southern
shelf are difficult to prove or disprove, and must be entertained as a
possibility. '

Prior to, and during the early stage of, the development of the
Plymouth Limestone, volcanism was widespread and this quite likely
contributed to the establishment of a bathymetrically suitable situation for
reef growth, The type A complex of Krebs is built on submarine volcanic
rises within the basin or geosyncline. The amount of volcanism associated
with the establishment of 1imestone deposition in Plymouth is not considered
to be indicative of a volcanic rise. The rise is rather judged to be
primary in the sense of it being an area of shallowing of the sea floor.
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The idea of a longitudinal corrugation of the geosynclinal floor seems to
. be a reasonable explanation, certainly a Schwelle with its maximum relief
south of the present limestone outcrop would explain the dispdsition of
facies as presently understood. The possibility of a Staddon Schwelle
during Emsian time provides at least a geographical model for comparison.,
In Germany, the boundary between dead reefs with slow subsidence and

more mobile basins is often located at synsedimentary faults (Krebs 1971,
p. 55); such may have been the case in the Tamar area.
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Conodont distributions and biofacies

Introduction

The study of conodont palaececology is currently gaining momentum
(e.g. Rhodes 1973) as the distritution of conodont faunas are accounted for
in terms of environmental controls or preferences. Similarly, within a
particular species, biometric analysis promises to be of value: for example,
.Barnett (1971) identified eight characters of the. Silurian Spathoanathodis
remschiedensis and found that some reacted p]astlcally to a lagoonal °
environment, ' '

The distributional anomalies of conodonts has been accounted for in
different ways. During the laver Pa]aeozofc, and specifically, during the
Ordovician, Bergstrom (1973, p. 49) has considered that the distribution of
conodont faunas "may well provide one of the most striking {1lustrations
of. faunal provinvialism knovn anywhere in the geological record".

Bergstrom favours a climatic control to exp1qin this. Within the Upper
Palacozoic, Druce (1972) has recognised a number of conodont biofacies which
he relates to depth and, to a lesser extent, distance from land, Such a
bathymetric°zonation is supported to a degree by known distributions and also
more recently by the work of Chamberlain and Clark (1973). These authors .
found there to be a close correlation between the Carboniferous trace fossil
cormunities and the conodont faunas in the Oquirrh Formation of Utah.

Kithin the Devonian, the re?ationéhip between conodont distributions
and facies has often been overlooked, mainly bLecause of the success and
world-wide applicability of the zoml schemes. Ziegler (1960) demonstrated
the identical nature of the palmatolepid faunas in both the Rhenish and
Bohemian-Hercynian Provinces, the other faunal elements of which are almost
wholly dissimilar and mutually exclusive, Anoma11es clearly do exist,
however, and these have proven to be part1cu1ar1v evident in the Devonian
reef env1ronments

Previous work

Because of the widespread occurrence of'the Upper Devbnian Palmatolepis,
several authors originally supposed that sedimentary facies control of
conodont faunas vas minimal (e.g. Klapper and Furnish 1962, p. 2074;
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Mound 1968, p. 455).  Winder (1966, p. 1291) suggested that conodonts were
_ near bottom dwellers and Tived in'shallow shelf seas because of their '
‘numerically inverse relationship with radiolarians. He explained their
appareht independence from litholo g by suggesting that necktonic predators
passed the conodont elements as excreta.  These supposition§ and
‘hypotheses break down in the Tight of the distributional anomalies
which‘clearly exist.

Krebs (1959, p. 378) was the first to note the common occurrence of
the simple cone Belodella in near reef limestones. Similarly, Miller
(1962,p 187-9) noted the rarlty of conodonts in bioherms and biostromes
composed largely of corals, stromatoporoids, sponges and calcareous algae ’
and suggested that the abundance of Icriodus and”Belodus (=Belodella) in
near reef situations may be accounted for by the adaptation of these forms
to a benthonic, or near benthmic mode of 1ife. Muller and Clark
(1967, p. 904) thought that beth Icriodus and Polygnathus 1inguiformis
may have 1ived in a more shallow water environment than that represented by
~the faunal associations of the Squaw Bay 1imestone.

Seddon (1969) recognised two disparate but'contemporaneous conodont

~ sequences in the Devonian reef environments of the Cannlng Basin of Australia.
‘He found the European standard, or Palmatolepis sequence, was applicable in

the fore-reef and inter-reef areas whereas the back-reef environment was
characterised by an Icriodus sequence for which he constructed a parallel
zonation. To explain this distribution, Seddon introduced the concept of.a
- biological filter, through which Icriodus could pass but through which
Palmatolepis could not.

Seddon and Sweet (1971) proposed a vertical stratification of the
conodont communities and drew a parallel with the distribution of the modern
chaetognaths in which such a stratification is most pronounced. These

authors recognised a bathymetrical ly shallower community of Icriodus, Polvanathus

and the Spathognathodus stock and a deeper community of’Palmatolepis
and Ancyrodella.

Druce(1972)'recognised three biofacies, bathymetrically stratified
but incorporating a 'distance from land' factor. Thus he considered an
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upper ‘simple cone' community and an intermediate biofacies characterised by
simple icriodids, polygnathids and sbathognathodids; both of these faunas
‘increased in density landward. A third community included complex |
polygnathids, Palmatolepis and the Acyro group which were of fairly constant
abundance throughout the biofacies. Druce (1972,p.209) noted that the presence and
exclusiveness of the Belodella biofacies may have been caused by different

- factors (for example protection from predators) to those which caused the
other biofaciés, but he favoured a similar cause which he considéred, !
however, was unknown. Druce also noted that the biofacies were often manifest
in the lack of specihens rather tha their complete exclusion, the biologic
filter nat always operating at the same intensity.

Plymouth distributions:  discussion

In figures 5-16,(see appendix) the ratios of the conodont elements
ih each fauna has been depicted in relation to the sampled section and
-the related fauna (see fig. 4 for key). Similarly, figs. 18-21 illustrate
how the faunas relate in space and time.  The following is an individual
assessment of the main conodont groups in relation to proposed biofacies and
finally, the overall environmental picture.

Simgie cones

Most of the forms here ihc]uded are assignable to Belodella.
Coelocerodontus and Panderodus also occur, almost always in association with
Belodella. Acodina is only a very occasional component'of the Plymouth
faunas and, in contrast to the above forms, is never found without Icriodus.
There are insufficient grounds for relating Icriodus and Acodina in a
multi-element association as far as the studied material is concerned, but
the two may well belong in the same biofacies.

| As mentioned previously, Belodella has commonly been associated with a
néar-reef situation. = Seddon (1969, p. 735) related Belodella and Acodina,
and noted that they were rare in the Palmatolepis faunas and common in the

Icriodus (backreef) faunas, though always subordinate. Druce (1972, p.206)

~included the simple cones in his ubiquitous group during the earlier part of
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thair history but included them in his patchy distribution group during
the final period before their extinction. It is worth noting that during‘
the Ordovician, forms such as Belodus and Panderodus constituted a
somewhat limited community in.the North American Midcontinent (northern
subprovince). Druce (1972, fig. 1, tbl. 2) considered the shallowest
of his biofacies (I) as being represented by Panderodus, Belodella and
Acodina in, respectively, the Lower Devonian, mid Devonian,and Frasnian and

Famennian. Thus, simple cones may presumably be found in environments
from which all other forms are excluded,

In the Plymouth faunas, samples from the Middle Devonian Timestones all
contain a high percentage of simple cones. Belodella (mainly) commonly
comprises 50% of the total fauna, rarely less than 25% and sometimes 90% or.
more., Besides the Icriodus dominated faunas (see below), the simple
cones are rarely subordinate to the other groups, and where the percentage is
low (e.g. Richmond Walk area) it is due to a large number of bar and blade
elements.  Although all faunas are treated identically and so provide a |
constant model for comparison, it must be remembered that %n terms of conodont
assemblages the numerical ratios vould be véry different. Thus bars and
blades are, perhaps, more likely associated with Polyagnathus and
Spathognathodus but not with Ioiodis or Belodella. Similarly, it is
possible, though admittedly far from certain, that all but the simple cones
were most likely paired in assemblages, and consequently,.in terms of
conodont animals, there would be half as many as the individual element count.
In contrast, Belodella 1is thought to belong in a multi-element association
consisting of six pairs of this form (Lange 1968), and hence a twelve ‘
fold division gives the number of conodont animals. Suddenly, the simple
cone group ceases to be the domimnt group, certainly in the proportions
indicated by the numbers of single elements. The lack of Plymouth faunas
containing only Belodella rather sucgests that Biofacies I sensu Druce does
not exist. If it did, it is surprising that no such faunas have been found
since much of the Plymouth Lirmes tone is barren (in terms of conodonts) and
presumably in bathymetric terms, such a fauna should exist within a vertical
sequence from biofacies II sensu Druce and the barren, coralline Timestones.
No such fauna has been found in Plymouth.

fcodina is not common in the Plymouth faunas. Suffice it to say that when

present, it is accompanied by Icriodus, though the opposite is certainly not
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_I;riodus and Polygnathus

Simple polygnathids, icriodids, Spathognathodus and Pelekvsanathus
represent the intermediate biofacies of Druce 1972. Icriodus has often
been cited as a facies restricted form in the Devonian. Clearly, it has
not always been so as the zonal parallelism of Icriodus woschmidti and
Monograptus uniformis at the base of the Devonian demonstrates. As Druce
(1972,p. 206) has indicated, Icriodus seems to have passed from a
ubiquitous to a patchy distribution during the Late Devonian. During the
Silurian, Valliser (1971,p. 201) noted that Icriodus was more typical of
shallow, turbulent waters. Similarly, Bultynck (1970,p. 143) noted the
dominance of Icriodus high in the first Belgian biostromal development,
above the muddy (polygnathid-bearing) base. The same observation
has been made in the section at Teat's Hill Quarry, Coxside (see fig, 11),’
though the faunas are rather sparse higher in the section.

Muller and Clark (1967, p. 904) have noted that Icriodus is the
prevailing and commonly the only conodont in faunas of early to early Late’
Devonian age. = In Plymouth, the oldest faunas studied (from Durness Point
and Richmond Walk - fig. 18)Awlﬁch déte from the low Eifelian, are
‘dominated by Icriodus, as are thee (?) low Givetian associations of Coxside
and Drakes Island (fig, 16). The low Eifelian environment is interpreted
~as a shallow but fully open, marine situation whereas the younger faunas come
from within the reefal complex. Both share a similar 1ithology, i.e. dark,

- argillaceous and pyritic limes tones.  However, the same 1ithology
characterises the northern lowes t horizons of Richmond Walk and therein not a .
single-specimen of Icriodus has been found in an otherwise highly variable
association. The same is true for all the Givetian limestones in this western
area incorporating the exposuwes of Richmond Walk, Mount Wise and Mutton

Cove. The total conodont fauna, involving some 2000 individual elements,
includes only a single.fragrent of Icriodus. The simple cone group, Po.
linguiformis gp., and simple polignathids are here equally representedt-
Elsewhere, in the somewhat restricted facies represented by the Cattedown and
Princerock sections, Icriodus has a sporadic occurrence and where present is

" almost invariably subordinate both tn the dominant simple cone group and
to Polygnathus,
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Low in the Upner Pevonian, the argillaceous, thin-bedded limestones of
estern King represent a deeper facies and are characterised by fauna of
large plated polygnathids, occasional palmatolepids and Acyrodella. These
faunas also include Icriodus 1in comparable or greater proportions than
simple Polygnathus. The same is true for the coeval faunas of Radford
Quarry.  Higher horizons in-both these sections and in the coeval Cremyl
section are pure, massive limestones in which simple polygnathids are
dominant, often to the complete exclusion of Icriodus. So we have faunas
dominated by Icriodus, ones totally devoid of lcriodus, a Middle Devonian
succession which involves Iariodus and simple polygnathids in an inverse
relationship, and Upper Devonian successions which apbarently involve
these two form-genera in a similar, but opposite relationship.

A fauna composed entirely of Icriodus would 'seem at odds with the
biofacies distribution as envfsaged by Druce, since one would expect to find
other elements of the biofacies Il fauna as well as simple cones. The
hydrodynamic proparties and resiliance of these elements must have been very
different under the influence of post-mortem current sorting and “winnowing,
Thus a depletion of the fragile Pelodella and a concentration of the robust
icriodids might be expected. Of course, there is also the time factor:
Icriodus is  the major constituent of low Devonian conodont faunas, while
Belodella is less common in Upper Devonian faunas. The absence of Icriodus
from Givetian faunas of the western limestone outcrops (see figs. 19-20) is
more difficult to explain. There seems to be no constant relationship
between 1ithology and the occurrence of Icriodus and, additionally,
since some form species have world-wide distribution, this argues against a
benthonic habitat. If Icriodus did require a rather specialised set of
environmental conditions, then they have not been recognised in the rock nor in
the inferred environmental situation. Whether the preferred habitat was '
a function of depth, turbulence, temperature or some other variable, or of a
conbination of these, is not known. Certainly all these factors must have
been important and insomuch as all are to a varying degree dependent on
bathymetry it is appealing to consider the distributions in terms of the latter.
Thus Icriodus would appear to indicate a somewhat deeper situation than the
simple polygnathids. This warks for most of the faunal successions studied,
though in the case of the Coxside succession, and other Icriodus dominated
faunas in which Polygnathus as well as Belodella is absent one is forced to



conclude that post-mortem effects were responsible; this is easier to
envisage with regard to these sparse faunas than the relatively abundant
ones of the western region.

Seddon (1969) found that Icriodus was dominant in the back reef
environment, though they were in.no way restricted to this environment. He
found that Polygnathus was present also, so there is no contradiction here.
It may be that'Icriodus preferred a near-reef environment whereas the shallow
_realm of Polygnathus was much more widespread. |

Druce (personal commuﬁizhtioﬁ 1974) has suggested that particular
icriodiforms are related to certain envircnments. The ratio of length to
breadth and the denticle cross-section (round or oval, tending to transverse
ridge development) are the most environmentally revealing characters '
according to Druce. He sugwsts that relativelyv short, broad icriodids
with transversely elongate nodes characterise somewhat restricted facies,
whereas long, narrow forms with discrete rounded nodes are more typical of
open marine environments. Such a scheme does not hold up completely in the
Plymouth material (for example, ontogeny seems to include such variation) but
there would appear to be some substance in the approach. Certainly, icriodid
faunas tend to demonstrate a great dearece of variation and plasticity of
form, as is evident in published studies, which is why it has always prbved
very difficult to select constant characters for form-specific distinctions.

The Polygnathus 1inqui formis group appears to have a somewhat specialised
environment too. In terms of bathymetry it seems to have shared a similar
biofacies to simple Polygnathus, but like Icriodus it may have preferred a
near reef situation,

Spathognathodus is not a comron component of the Plymouth faunas but
appears always with the simple polygnathids.

Pelekysgnathusis rare in Plyﬁouth and no comment on its distribution
is here feasible. |
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Ancyrodella and Palmatolepis

During the Middle Devonian, Druce (1972, p. 161-2) considered complex
Polygnathus as the representative of the deeper areas. - Therein,
presuméb]y, would be included the wide-plated forms which occur occasionally
during this interval: e.g. Polyanathus latus. This latter form has been
found in the deeper limestones of Neal Point, but it is very rare.

. Within the Upper Devonian, the biofacies is represented by the Ancyro
group and Palmatolepis according to Druce. To these could be added the
broad plated Po. asymmetricus group.

“The Ancyro group do, havever, appear in faunas devoid of Palmatolepis -
and the complex polygnathids. The most notable case of this is in the
Belgian lower Upper Devonian and to a lesser extent in North America and.
Australia, where the Ancyro group provide zonal indices in the absence of - ,
Palmatolepis and its forebears. In Plymouth, within the Western King section,
Ancyrodella and Polygnathus asymmetricus .make a simultaneous appearance
(closer spaced collecting may reveal the contrary) but elsewhere these forms
are too rare to provide relative information on environmental preferences.
Palmatolepis is found in the higher limestones but large, coarsely ornamented
forms of Palmatolepis transitans and Pa. punctata, for example, are not found.
Rather, small unsculptured specimens "are represented. The absence of .
typical hermanni-cristatus faunas and particularly Schmidtognathus itself is
considered significant. Large ornamented Palmatolepis only appear in
significant numbers in the muddy red limestones of the younger Frasnian and
Famennian. . '

The distribution of these'biofacies III' forms are thus thought to be
divisible into bathymetrically shallow Ancyrodella biofacies and a deeper
biofacies characterised by Palmatolepis and the Polvanathus asymmetricus group.
Palmatolepis may be represented by large ornamented forms in the more open
marine stations and by small smooth forms in the near reef environment; it
is not clear, however, whether such a distribution of Palmatolepis is applicable
elsewhere,
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Summary

In regard to the distribution of conodonts in the studiéd carbonate
complex, the following observations have been made:

Biofacies I sensu Druce has not been recognised as such; rather, in
the Middle Devonian, as an association of simple cqnes'plus simple polygnathids,
inc]uding'gg, linguiformis (group) is considered to represent the most
shallow fauna; Spathognathodus is associated. During the Frasnian, the .
biofacies is probably represented by the same association, théugh
Po. linguiformis soon disappeared and the simple cones vere much reduced.
The other elements appear to have been more diverse and proportionately more
significant, though there may hawe been some shifting of the biofacial
boundaries. ‘

Biofacies Il can perhaps be considered as the realm of Icriodus
throughout the Middle Devonian and during the early Late Devonian,

During the Middle Devonian, complex Polygnathus may be the biofacies III
representatives, though data is lacking. During the late Devonian .
Acyrodella may be considered as occupying a deeper zone than Icrindus,
though conceivably it may be the more basinward equivalent of the latter,

The same may be true for the Polygnathus asymmetricus aroup, which appears

to have constituted a biofacies III fama along with Palmatolepis. Small
@guveni1e)representatives of the latter gehus are more frequently encountered
in the neqr-reef environment.
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