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SUl'·~;IcHY of Tl::<:'sissubmitted for Ph. D. c>::grce

by J.D. Price
on

Some Famennian (upper Devonian) ammonoids from north western Euro~e.

Famennian (Upp-:::rD2vonian) armonoi ds and t.hei r bi ostrat iorephy
are reviewed6 with particular reference to the Sauerland and Ober-
franken, West Germany. Host european species of the Order Clymen-
iida are described. The Famennian ammonoid zonal scheme is ration-
alised and within it 23 faunal levels are proposed. Ammonoid
Zones and conodont zones are correlated, and the rhomboidea (cono-
dont) Zone is newly recognised to be coeval with the ~rvispina
Zone. The fOllowing genera and subgenera are dealt with in detail:
Progonioclyrnenia, Endosiphonites, Sellaclymenia, Biloclymenia,
Gonioclymenia (Gon.), Gonioclymenia (Kalloclymenia), Sphenocl~enia,
Platycl~enia (Plat.), Plat. (Pleuroclymenia), Plat. (Trigono-
cIYmenia), Sulcoclymenia, PiricI~enia, Ornatocl~enia, Cyrto-
.£lymenia, Protactoclymenia, Carinoclymenia, Clymenia, .!'roto~'}r-
£1Y.menia, Kosmoclymenia, Genuclymenia, fymaclymenia, Genn. Nov. D,

E, and F. In most cases the types of the type species are illus-
trated photographically for the first time. The following generic
names are recognised to have been wrongly interpreted in the past,
and, where necessary new names have been proposed. Kallocl~enia,
BiloclYmenia, Rectocl~enia and Falcicl~enia. Two new subgenera
and one new genus are proposed, and two generic names, Protacto-
clymenia and Endosiphonites, have been revived. Kosmocl~enia
is split into four species groups by its ornament and Cymaclymenia

bas been split into three species groups. Two widely used specific

names are recognised to have been placed in the wrong genus;
sedgwicki Munster is a pseudoclymenia (a goniatite), and ~pentina

MUnster is a Proto~clymenia.
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Summary

This study of the taxonomy and stratigraphy of Famennian
(uppermost Devonian) ammonoids in western Europe arises out of an
NERC funded research project entitled "Devonian Ammonoid Stufen
of the Rheinisches schiefergebirge·~. Material was collected from
the condensed cephalopod limestones of the Sauerland and Oberfranken.

All of the accessible museum specimens described in the lit-
erature during the last 150 years, especially those in the collect-
ions of Graf MUnster, were examined and are illustrated here
photographically for the first time.

Chapter 2 details the history of study of Famennian ammonoids,
both in western Europe, and the rest of the world.

In Chapter 3 there is a critical view of all the ammonoid
zonal schemes proposed for the Famennian, pointing out any
discrepancies observed. The work of Wedekind (1908) and Schinde-
wolf (1937a) is particularly important here, for the lower and
uppermost part of the succession. The data presented in this
thesis supplements the lower records and attempts to fill the gap
in the sequence which has not been subject to precise study beforeo
The nine ammonoid zones widely used in the Famennian are object-
ively defined, for the first time. A coherent series of 23
faunal levels are newly recognised within the Famennian.

A detailed review of the development of the classification
of the Order Clymeniida is presented in Chapter 4. The scheme
of Ruzhencev (1957), subsequently modified by Bogos1ovskiy
(1960-81) and Weyer (1981) is used. However, the Platyclyrneniidae
and the Biloclyrneniidae are newly subdivided, and subfamilies
proposed (Textfig. 4.4). The distinctive sutures of all clymeniid
genera are illustrated (Textfigs. 4.6-16). comments are passed
on eVOlution within the Order, and Schindewolf's theory for the
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origin of clymeniids is endorsed.
Systematic descriptions, principally of species introduced

by MUnster, comprise the whole of Chapter 5. Type specimens
are newly recognised or proposed for nearly all species. Fossils
are illustrated in forty-two photographic pI~tes, and sutures,
growth-lines and cross-sections are presented in 16 Textfigureso
Measurements from each species are presented graphically, as a
means of distinguishing and defining them.

The important parts of the systematic descriptions will be
highlighted. Progonioclymenia (Prog.) E&goceras and Prog. (~g.)
acuticostata are recognised as separate species, with authorship
of the latter being credited to MUnster. Endosiphonites is
recognised as a valid generic name, and is divided into two sub-
genera, including Costaclymenia. ~. (Cost.) binodosa and~.
(~.) kiliani are recognised as separate speciesJ a neotype is

proposed for the former. The species bowsheri Miller and
Collinson is placed within this genus, rather than FalciclYmenia.
Biloclymenia is newly recognised as the senior synonym of Kia-

type species is laevis Richter, rather than
bilobata MUnster.
auctt.

All of MUnster'.s gonioclymeniid species are discussed, but

A new name is required for Biloclymenia sensu

few names can be associated with type specimens. Otoclymenia
is recognised to be a junior synonym of ggn. (Kalloclymenia),
and species without a ventral groove and parabolic growth-lines
are accommodated within two new subgenera, one (~) including
those species with a strong spinose ornament. Records of Q2D.

(Kalloclymenia) from the C1ymenia Stufe are confirmed, and the entry
of mm. (Subgen. Nov. A) brevispina is used to mark the Clymenia-
Wocklumeria Stufe boundary.
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The new subfamily Platyclymeniinae is proposed to include
PlatY£lY.menia and related genera with simple sutures. The type

annulata, is redefined in the sense of
the original illustrations of MUnster, using material from Ober-
franken. Cly.menia densicosta Frech is recognised as a synonym.
Specimens from the Rheinische Schiefergebirge, widely referred
to as annulata,are included within the species richteri Wedekind.

The morphology of the many species of Platy£!Y,menia is
reviewed. Whorl shape and ornament are analysed graphically,
and the results confirm the validity of the morphological criteria
by which Platyclymenia is divided into subgenera.

The genera Sulcoclymenia, Piricly.menia and Ornatocly.menia
are included within a newly proposed subfamily.

The simple sutured subinvolute or involute clymeniid genera
£y'rtoclymenia and Rectocly.menia are'subjected to major revision
based on an analysis of growth-line shape. Rectocly.menia itself
is recognised as an invalid name and Gen. Nov. D is proposed to
replace it. It is restricted to containing those species with
radial growth-lines. A new genus, E, is proposed to replace
Falcicly.menia sensu lata, because this, when interpreted strictly,-
must be treated as a goniatite. A new genus, !, is erected to
contain species with prorsiradiate growth-lines, formerly included
within £Y,rtoclymenia or Rectoclymenia. Gen. Nov. F also has a
suture with a weak ventral lobe.

£!y.menia itself is considered to date from 1831. Species
within the genus can be distinguished graphically. The species
~pentina MUnster is newly recognised to be

A neotype is proposed for undulata, the type species of
Kosmoclymenia.

-... _

Kosmocly.menia is newly divided into four species
groups, according to growth-line shape and ventral ornament.
These area I, species with biconvex growth-lines and a ventral
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band; II, species with biconvex ornament, lacking a ventral band;
III, species with strongly biconvex ornament, ventro-lateral grooves
and a rounded keel developed at relatively large diameters;
IV, small species with prorsiradiate weakly biconvex growth-lines,
strong ventro-lateral grooves, and a tabulate venter. The species
bisulcata, long wrongly interpreted as a species now recognised as
belonging in Group IV, is included in Group III. The distinctive
ventral ornament of species in Group I is described, and is shown
to vary between isolated spinnaker-shaped spines and continuous
paired ventro-lateral flares, joined by projections from the ventero

The species sedgwickii MUnster, long included within this
genus, is recognised to belong in PseudoclYmenia, which is a
tornoceratid goniatite.

The type species of
reference to type material and original illustrations. Thus
interpreted it is considered to be not synonymous with the usage
of other authors this century.

fY,maclymenia is split into three species groups by growth-
line shape and ornament. striata Group, dorsocostata Group and
costellata Group. Species can be distinguished graphically.

Dorsal wrinkle-layer is described in BiloclYmenia, ~y£!ymenia,
. ..

Carinoclymenia, KosmoclYIDenia and £ymaclymenia, and ventral
wrinkle-layer was also observed on these last two namedo Dorsal
wrinkle-layer in clymeniids is radially directed, consisting of
anastomosing liraeo
on internal moulds.

Dorsal wrinkle-layer is expressed as pits

Chapter 6 critically reviews the correlation between the
ammonoid and conodont zonal schemes. Particular attention is
paid to those sections from which.both ammonoids and conodonts
have been collectedo Generally the correlation presented by
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Klapper and Ziegler (1979) is confirmed but this (and references
contained therein) lacked detailed substantiating evidence. This
is presented here, together with new data relating to particular
critical parts of the sequence, summarised in Textfig. 6.3.
The rhomboidea Zone is correlated with the curvispina Zone, rather
than the pompeckji Zone.

Details of all collecting localities are given in Chapter 7,
together with faunal range charts for two important sections,
Beil and H8vel. All specimens deposited in the collections of
the Universi ty of Hull··are listed.

Chapter 8 provides a short biography of Count Munster, and
includes a bibliography of works dealing with Famennian ammono Lds ,



Chapter 1

Introduction
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Introduction

In 1978, when this research was started, nothing had been
written on the topic of Famennian ammonoids from western Germany
since Schindewolf's (1937a) important account of the famous Ober-
rodinghausen railway-cutting section in the Honnetal. This had
been used since then as the reference section for the Devonian!
Carboniferous boundary. Schindewolf, in a series of articles
published between 1916 and 1972 contributed much to knowledge of
Famennian ammonoids, revising accounts of faunas from Oberfranken,
which were the first Famennian ammonoids to be described, and adding
considerably to the accounts of Wedekind (1908-1917) and Schmidt
(1921, 1924) which dealt with faunas from the Sauerland.

Since the war palaeontological studies of the limestones in
which Famennian ammonoids occur have been focussed on conodonts
(Sanneman 1955, Ziegler 1962-73, Helms 1959-61), which can playa
more useful role in biostratigraphy than coeval ammonoids, largely
because of their greater abundance, and more widespread distribu-
tion, both geographically and facially.

An ammonoid zonation of the Famennian was developed during the
first half of this century (Frech 1902, 1913; Wedekind 1908,
1913a,b, 1914; Schindewolf 1916, 1923a, 1937a) and a conodont
zonation was established and correlated with it relatively recently
(Ziegler 1962, 1971a,b; Sandberg and Ziegler 1973, Klapper and
Ziegler 1979).

During the last twenty years Famennian ammonoids have been
newly subjected to detailed taxonomic treatment in England (Selwood
1960), USSR (Bogoslovskiy 1955-81), northern Spain (Kullmann 1960),
North Africa (Petter 1959,60), Australia (Petersen 1975) and North
America (House 1962-78). For this work material has been coll-
ected from many of the localities studied by previous authors in



2
..... . '..

Germany. From reading the above listed accounts and studying my
own material it became increasingly clear that the documentation
of species described by previous workers, especially those from the
last century, was woefully inadequate for correct and modern inter-
pretation. This confirmed the opinion of Prof. M. R. House, who
had established an NERC funded research project (see below) to
look at this problem. Schindewolf (1923a) had gone some way to
remedying this situation, but he unfortunately left a legacy of
nomenclatural problems of his own making, and ambiguities, all of
which he had not managed to correct by his death.

Aims of the thesis

This thesis aims to clarify and restate the definitions of
some Famennian ammonoids. To this end many old collections have
been sought and studied. The works of George, Count Munster
are the first in which Famennian ammonoids were described and con-
sequently great importance is to be placed on his collections.
Much of these were destroyed during the last war, or have been lost
over the last 150 years, so a previously unstudied Munster Collect-
ion, now divided between the British Museum and the Sedgwick Mus-
eum, Cambridge, was particularly important. Other collections
were also searched for and documented, including Sandbergers' at
Wiesbaden, Schindewolf's at Marburg, material used by von Buch,
Frech, Schmidt and Schindewolf, now in the Museum fur Naturkunde,
Berlin, besides smaller collections in other museums. Unfortun-
ately the bulk of Wedekind's material at Gottingen could not be
made available for study, or was reported by the Curator as lost
(Jahnke, pers. corom.).

A wealth of material was examined, but sufficient time was
available to deal with the Order Clymeniida only. Documentation
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of the Famennian goniatites, especially the Cheiloceratidae,
proved a difficult problem,both because most of the Sandbergers'
Collection is in disarray, and because such apparently simple
goniatites have relatively few morphOlogical features by which they
can be discriminated. Also there is little opportunity today in
Germany to undertake precise collecting of these faunas. A des-
cription of the Cheiloceratidae awaits the attention of future
authors.

Contents
Chapter 2 presents a history of the study of Famennian ammon-

oids. The classification, phylogeny and evolution of the Clymeniida
are described in Chapter 4. Chapter 5 is devoted to systematic
descriptions of the Clymeniida. Ammonoid zonal schemes are dis-
cussed in Chapter 3, and conodont zonal schemes are reviewed in
Chapter 6, where some new data relevant to their correlation are
presented. Details of collecting localities, sections and faunas
are given in Chapter 7. Chapter 8 is a short bibliography of
Count Munster. Copies of important and relatively inaccessible
illustrations from 19th century publications are placed in an
appendix.

Aims and outline of the NERC Project

This thesis on Famennian ammonoids arises out of a project
funded by NERC (GR 3/3250) entitled "Devonian Ammonoid Stufen of
the Rheinische Schiefergebirge", itself aimed at improving the
correlation between the existing ammonoid and conodont zonation of
the Famennian in the Sauerland, West Germany. Earlier work
nearby at Adorf (Textfig. 1.6; House and Ziegler 1977) had clearly
demonstrated a mismatch in the two schemes for the Frasnian.
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The project was to draw, in part, on the results of a thesis on
the stratigraphy of the upper Devonian and lower Carboniferous of
an area north east of Balve, Sauerland (Schafer 1978), and on
earlier work by Ziegler (1962, 1971a) in the same area. However,
few sections or precise details of conodont samples were found to
be available. Ziegler (1962) had published results of a section
through most of the Famennian and into the lower Carboniferous,
produced by road widening on the B515 at Oberrodinghausen, (now
largely overgrown), and schematic sections of outcrops in the lower
and middle Famennian at Beil, and in the upper Famennian at Hovel.
Later (1971a) he published a more detailed section for Hovel and
gave conodont zones for beds in the railway-cutting section at
Oberrodinghausen, in which Paeckelmann (Jongmans and Gothan 1937)
had defined the Carboniferous-Devonian boundary. Eickhoff (1973)
published contradictory conodont zonal evidence for this section.

Schafer's thesis contains details of at least 300 dated cono-
dont samples, not all however were from the Famennian. Few were
sufficiently accurately localised to enable collection of ammonoids
from the same positions or horizons to be made. Under Schafer's
direction in November 1977 Sarah Gatley and Tony Beese, then post-
graduate students at the University of Hull, collected ammonoids
for this study from a trench through the lower Famennian at Beil,
which was supplemented by material from the trench spoil, now in
the collections at the Phillips University, Marburg. Later I
collected material from the middle Famennian at Beil, Ainkhausen,
and from the upper Famennian at Oese, Bilsteinhohle, Dasberg,
Havel and Reigern (see Chapter 7 for precise details). A local
amatuer collector, Dieter Korn, was instrumental in showing me
numerous other localities where ammonoids could be collected, and
he also loaned me many specimens.

Once I had begun to examine the material collected it became
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clear that literature relating to Famennian ammonoids was in dire

need of revision, particularly that part dealing with species
established by Count MUnster. This thesis is the result of invest-
igations to resolve this problem.

Geological Setting

Devonian Palaeogeography
Devonian sedimentation in north western Europe took place in

a series of parallel belts which now run roughly east-west (Textfigo
1.1). Principal accounts, in which reference can be found to
earlier authors,are by Erben and Zagora (1968), Krebs (1971, 1974,
1979), Meischner (1971) and Franke, Eder, Engel and Langenstrassen
(1978). Good general treatment of the subject was provided by
Matthews (1977) and P. Ziegler (1981). In the north west lay the
Old Red Sandstone Continent, crossed by a series of mountain ranges
the uplift and erosion of which provided detritus for the northern
branch of the "Variscan Geosyncline", which lay in the south east.
It comprised an inner and an outer shelf, characterised by terri-

genous clastics and carbonates, respectively, with a predominately
neritic fauna. Schmidt (1935) used the term "Rhenish" for this
belt. Beyond the shelf lay the trough, characterised by shelf-
derived turbiditic sandstones and limestones, shales and fine
grained pelagic carbonates. This was termed the "Hercynian"
Facies (Schmidt 1935). Later Schmidt (1952) interpreted the
shales as being deposited in relatively unstable basinal areas
(termed Becken) and the limestones to have been deposited on stable
rises (termed Schwellen). Forming the southern margin of the
trough was another shelf (the internal shelf of German authors)
which lay against a narrow but laterally extensive island or chain
of iSlands, the Mitteldeutsche Kristallinschwelle (Brinckrnann 1948).
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This is also referred to as the Middle German Island, Franco~
Allemanic island etc., and was the source of detritus during the
Famennian, but more importantly for the Visean-Namurian Variscan
flysch.

This series of belts, affected by the Cale~donian and Variscan
Orogenies was termed the Rhenohercynicum (Kossmatt 1928) to dis-
tinguish it from the Saxothuringi cum, in which there was a con-
tinuous undisturbed sequence from the Cambrian, which lay to the
south of the Middle German Island. The group of belts comprising
the Rheno-hercynian ~one can be traced running from Moravia through
Silesia into the Harz Mountains, the Rheinische Schiefergebirge,
across the Rhine in the Eifel, the Ardennes, and into southern
England. Palinspastic reconstruction of the Iberian peninsula by
closure of the Bay of Biscay, allows for a possible recognition of
of this zone in southern Portugal (Franke ~ al. 1978). No
satisfactory plate-tectonic explanation has been advanced for the
sequence ?f events in the Variscan Geosyncline. Theories abound
(see Vai 1973 for a reviewh ranging from a 1000km wide Rheic Ocean
downwards, but none has achieved acceptance.

upper Devonian Sedimentation
This thesis is concerned primarily with the Famennian ammonoid

faunas of Germany, so some details of the development of sedimen-
tation in this area during the Devonian are useful. During the
lower Devonian large amounts of clastic material derived from the
Old Red Sandstone Continent were deposited on a broad shelf, with
black shales in the basin (Textfig. 1.2). The middle Devonian
was marked by a considerable decrease in the supply of clastics,
with fewer, better sorted sandstones and the widespread,development
of reefs. These began in the Givetian (Textfig. 1.2) and contin-
ued into the middle and upper FrasnianJ actual dates of cessation
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of growth are shown in Textfig. 1.3. Krebs (1971) recognised
three main types of carbonate complex. Type A, atolls developed
on volcanic rises (Lahn-Dill Syncline, Langenaubach-Breitscheid),
Type B, shelf-atolls/banks, formed both at the shelf margin (Atten-
dorn, Brilon), and within the shelf (Wulfrath - Dornap - Balve,
and Bergisch Gladbach) and Type C, shelf lagoon carbonates (Eifel
Mountains). The distribution of these complexes is shown in
Textfig. 1.4.

The cause of the cessation of reef growth is problematic.
During the Givetian and early Frasnian reef growth had been rapid
enough to keep pace with subsidence, but when the subsidence rate
increased the reefs would have drowned as organisms relying on
photosynthesis were carried down, out of the photic zone (Meischner
1971). At odds with this explanation is recognition that two
contrasting types of sedimentation took place at the sites of the
dead reefs (Krebs 1974). Either rapid subsidence continued, and
between 300 and 600 metres of Upper Devonian shales were deposited
(e.g. Wulfrath), or subsidence almost ceased, and the reef-tops were
subject to emergence and erosion, or slow deposition of cephalopod
limestones (e.g. Lahn-Dill) while in the surrounding basins sub-
sidence continued, and up to 700m of Upper Devonian shales were
deposited. Therefore, in some cases reef emergence may have been
responsible for the cessation of growth. Most of the reefs which
continued to subside lie in the north west, and they mark a further
stage in the continuing north-westward migration of the locus of
deposition during the Devonian.

The upper Devonian was characterised by three types of sedi-
mentation. reefs (Massenkalk), cephalopod limestones (Cephalopoden-
kalk), and pelagic ostracod shales (Cyridinen-Schiefer) (Textfig.
1.5). There were also periodic influxes of sandy turbidites de-
rived from the shelf, deposited in the basins between the elevated
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reefs. The Matagne Shale/Kellwasser Limestone is a unit which
can be traced throughout central Europe, and marks a widespread
upper Frasnian transgression. Similarly widely distributed black
shales, marked by their high organic content, have been recognised
during the Famennian (Annulata Shale, Hangenberg Shale). Similar
depositional conditions continued into the lower Carboniferous.

Ammonoids in the Famennian of the Rheinische Schiefergebirge
are restricted to three lithologies. Whilst they occur in the
basin shales, occurrences are few and sporadic, and restricted to
the widely recognisable Annulata and Hangenberg Shales (e.g. Oese).
Black bituminous lower Famennian Nehden Shales, 10-20m thick with
a haematitised fauna of goniatites, bivalves, gastropods and
brachiopods, are found overlying parts of the atoll carbonate
complexes at'Bergisch Gladbach, Wulfrath, Brilon and Attendorn.
Deposition took place under euxinic conditions in the former lagoon
depressions, behind the reef rims.

Most widespread, however, are the condensed cephalopod lime-
stones, situated over the dead reef complexes, Textfig. 1.5.
These were the subject of a study by Tucker (1973b, 1974) and show
the features described below. The shelf during the Famennian was
restricted to an area north west of Essen, and is represented by
a belt of sandstone shales, and locally developed carbonates.
Ammonoids are known from Velbert (Paul 1939), and also from further
west near Aachen (Wulff 1923, Kasig, Dreesen and Bouckaert 1979)
and in the Dinant Basin (Dreesen 1982a,b).

Stratigraphy and nature of the Famennian Carbonates
Famennian ammonoids are found in large numbers only in the

Schwellen (= rise) carbonates, termed Cephalopodenkalk. Two areas
were studied, Balve and Warstein (Textfig. 1.4). In both upper
Frasnian and Famennian limestones overlie submerged reefs of middle
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Frasnian age. The stratigraphy has been described in detail.
Balve. Denckmann, 1901, Paeckelmann, 1924, Schmidt, 1924, Sch~fer,
1978; Warsteinl Schmidt, 1921, Clausen and Leuteritz, 1979; as
have their ammonoid faunas. Balve. Wedekind 1910, 1913a,b, 1914,
Schmidt, 1924, Schindewolf, 1937a, Clausen, Korn and Uffenorde,
1979. Recently Sch~fer (1975, 1978) described in detail the
immediate post-reefal evolution of the Balve area during the Famen-
nian.

The condensed Schwellen rise carbonates, between 10 and 30m
thick, are predominately red or grey-green, micro- or biomicro-
sparites. They show varying degrees of nodularity, determined by
the original clay content, and have been affected by widespread
solution resulting in clay-rich streaks and stylolites, to which
German authors have applied the terms Kramenzel- and Flaser-kalk.

Away from the summit of the former rises more massive lime-
stones pass into thicker nodular limestones (which may show slump
features (Effenberg, Drewer, Plate 7.6a», shales with calcareous
nodules (Reigern, Plate 7.6b) and finally basinal shales (Cypridinen-
schiefer) with turbiditic sandstone and siltstone horizons (Oese),
which can have a total thickness of ca 600m (Franke ~~. 1978).

Most limestone sequences are incomplete, having been subject
to erosion at some time before deposition of the uppermost Devon-
ian Hangenberg Shales (e.g. Balve, Sch~fer 1975), and are followed
by a sequence of lower Carboniferous black shales, and cherts
(Liegende Alaunschiefer, Lydit).

The fauna is almost totally lacking in benthos. In the shales
only ostracods and thin-shelled posidoniid bivalves are known in

abundance, both of which are interpreted as pelagic. The lime-
stones contain a more diverse fauna including ammonoids, nautiloids,
trilobites, conodonts, all of which are planktonic/nektonic, with
arenaceous foraminifera and epibyssate bivalves, representing the
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only true benthos. One factor which is difficult to explain
satisfactorily is the absence of lamination in the limestones,
supposedly (Tucker 1973a) the result of extreme bioturbation, al-
though traces of burrows are difficult to find, and evidence of
the burrows themselves is unknown.

Lithology
Most of the sections examined were developed in limestones,

and precise details are given in Chapter 7. Generally the lime-
stones of the Balve area, especially in the lower Famennian, are
red in colour, weathering to green and yellow (e.g. Beil, Effenberg).
Higher in the sequence they are buff, grey or grey-black (Hovel,
Oberrodinghausen), weathering to a yellow-brown. The limestones
are composed of at least 75% non-ferroan calcite, the rest being
pyrite, quartz (silt grade), but chiefly clays. Skeletal material
is relatively rare, especially in the lower Famennian. Few shell
beds were recorded, but most ammonoid body chambers contain con-
centrations of ostracods and conodonts. Few sedimentary structures
were observed, the most common being erosion surfaces and hard
grounds. Ammonoids lying on a bedding-plane are frequently
truncated, with the uppermost shell and internal septa removed,
with the exposed surfaces now coated with haematite. Slumping in
nodular limestones (Drewer, Bilsteinhohle) is associated with
sedimentation on the unstable rise slope. Compaction features are
restricted to the less carbonate-rich rise slope/nodular limestones.
This, together with the widespread occurrence of hardgrounds, is
taken to indicate early lithification ,in the rise limestones.

Methods of Study

COllecting
Most collecting was done by conventional means. There were
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three methods of collecting, from outcrop (Beil, MaIers Lander,
Bilsteinhohle; all localities are listed in Chapter 7), from deep
mechanically dug trenches forming long sections (e.g. Beil), and
from shallow trenches formed by removing the soil horizon with
picks and spades (Beil, Hovel, Mussenberg, Dasberg). This latter
method was used most frequently since there were few natural expo-
sures in the Sauerland and deeper artificial trenches were too
expensive to commission.

Preparation
Large rock samples were collected at most localities, in some

cases up to 30 kg. from one horizon. This was because fossils
were difficult to extract successfully in the field from hard lime-
stones. Material was therefore broken down in the laboratory,
either by heating it for a few minutes in a furnace at 800oC, and
then chilling it in cold water, or with various mechanical crushers,
vices, hammers etc. The isolated fossils were then prepared in a
coventional way with small chisels, neejles and a Burgess electric
engraving tool. Fossils preserved as haematite or pyrite internal
moulds were collected from surface exposures in shales or clays,
or extracted from bulk samples by digesting the matrix in acetic
or formic acids. The fossils were subsequently cleaned in the
laboratory with abrasive powders (usually sodium carbonate) in a
stream of compressed air, using an S. S. White air-abrasive jet
machining unit, or suspended in water in an ultrasonic tank.

Fine detail, such as sutures, were prepared by polishing and
cutting the specimens using a Diprofil portable cutting tool, a
pattern-makers' milling unit. Cross-sections were prepared by
sawing the specimens roughly in half and then POlishing the cut
surface with successively finer grades of carborundum powder.
Museum specimens and types were cut in half, mounted in blocks of
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plaster of Paris and guided through a circular saw. A fine
carborundum blade with a thickness of O.25mm was used, thus mini-
mising loss of material. Photographs were then taken of the
polished surface under water, or, more often, acetate peels were
taken after etching the surface in either 10% hydrochloric acid
(limestones) or sulphuric or hydrofluoric acids (haematite).

Conodont samples were prepared in a standard way, the lime-
stones being broken into pieces 3cm in diameter and digested for
24 hours in 10% formic acid. The washed residues were screened
through three sieves (710~, 250~, 125~) with the fractions caught
in the last two being picked directly, or subject to heavy liquid
separation:using tetrabromoethane.

Illustration
Drawings were prepared of features such as ornament, growth-

lines and sutures. In the case of large specimens these were
traced directly onto-Sellotape stuck over the feature on the fossil.
The Sellotape was then stuck onto millimetre graph paper and the
tracing enlarged to fill a piece of A4-sized paper using the grid-
lines as a guide, or a Grant Projector. Finally the enlarged
drawing was checked for accuracy against the original specimen.
The alternative method, used for intricate or small (less than lOmm
in length) features was to view the specimen through a grid-line
graticule in a binocular microscope and then to draw the image on
graph paper, making sure that at all times the visible surface lay
at right-angles to the line of sight. This was facilitated by a
series of reference marks drawn on the specimen.
appropriate magnification was then produced.

Specimens were photographed on various cameras. M. R. House
permitted the use of his Leica system for a visit to Munich.

A drawing of

Thereafter photographs were taken on a Leitz Aristophot bench
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camera with a variety of lenses but principally a 120mm Summar,
and a Nikkormat FT3 camera with Vivitar or Nikon 55mm macro-lenses.
Illumination was provided by a single bulb of 275 or 500 Watts
directed from the top left, and light was reflected onto the back
of the specimen with a single parabolic-type reflector made from
white card. Such a simple method, in conjunction with a light-
weight tripod and camera, enabled photographs of many type specimens
to be taken in English and German museums. Specimens were pre-
pared for photographing by coating firstly with a proprietary
(Barlow's) photographer's negative opaque, and then with a sublimate

hammonium chloride, to enhance shadow formation, and eve~ss of
light reflectance, respectivelyo Very small specimens , less
than 3mm in diameter, were photographed on a Cambridge 600
Stereoscano

Terminology and abbreviation

The literature of ammonoid descriptions is littered with
subjective terms, some of which were defined in the glossary in
the Treatise (Moore 1957). However, many others remain ambiguous,
and each author tends to add to the ambiguity by well-intentioned
definition of his terms, which undoubtedly differ in some subtle
way from other authors. I too will do this, and hope that the
reader, before look~ng at the taxonomic descriptions, has read this
preamble.

Further complication is introduced by reading descriptions
in foreign languages where words do not always mean what they
might seem. Thus the German quadrat should be understood as
square, and not as the English quadrate, which may mean merely
four-sided.



Textfig. 1.7 Morphological terms used in the descriptions of
ammonoids

A-E,H,I Growth-line shape
A, strongly biconvex; B, biconvex; C, weakly biconvex;
D, concavo-convex; E, concave; H, S-shapedJ I, parabolic
ribso

F Measured parameters
D, diameter, WW, whorl width; WH, whorl height; U,
umbilicus, Ah, apertural height.

F,G Areas of the shell
V, venter, VLS, ventro-lateral shoulder; ULS, umbilical
shoulder; UW, umbilical wall.
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She~~ shape. Form, coiling and evolution
The names given to various parts of the shell are shown in

Textfig. 1.7. Some of these are the parameters measured and listed
under the appropriate abbreviations in the section head "Dimensions"
in systematic descriptions. In practice diameter and whorl width
are easy to measure, provided that the specimen is complete with
shell, lacks strong ornament (which introduces variation), and is
undeformed. Accurate measurement of whorl height depends upon
correct alignment of the callipers, and umbilical width is often
the minimum distance between opposite umbilical walls, rather than
the diametric distance between umbilical seams. Furthermore in
involute and subinvolute specimens the umbilicus is often filled
with matrix.

Shells are described as globose, discoidal or oxyconic.
Discoidal is a much ove~sed term, almost meaningless since it has
been app~ied to all shell forms intermediate between globose (i.e.
almost spherical) and truly disc-shaped (i.e. like a gramaphone
record). Numerical limits have been arbitrarily imposed, based on
the ratio WW/D.

Globose
Subglobose
Thickly discoidal
Discoidal
Oxyconic

>0.90

0.7-0.9
0.7-0.5
0.2-0.5

< 0.2

Whorl cross-sections are termed depressed (WW>WH), compressed
(WW < WH), circular (WW=WH), oval, and pear-shaped (subtriangular),

,
with venters which are tabulate, grooved, bounded by ventro-lateral
grooves, keeled, arched or carinate. Only serpenticonic or oxy-
conic coiling is mentioned specifically. Evolution is more diff-
icult to define, there being a continuum between perfectly involute
and evolute shells. Arbitrary numerical limits have been imposed,



15

related to the ratio U/D (see below).

Evolute
Subevolute
Subinvolute
Involute

)0.5
0.3-0.5
0.1-0.3

< 0.1

Growth-lines
Growth-line direction is referred to as prorsiradiate, radial

or rursiradiate, according to the direction of a line running
between the growth-line at the ventro-lateral and umbilical
shoulders. Growth-line shape has been variously defined by authors.
Here the terms used are concave, straight, convex, concavo-convex
and biconvex, and qualified by "weakly" or "strongly",
which are illustrated in Textfig. 1.7. Elements of the growth-
lines are referred to by their position on the shell, i.e. ventral,
lateral etc. and their shape as either sinuses or salients.

Growth-lines are described as lamellose or lirate, according
to their cross-sectional shape.

Ornament
There is not a wide range of ornament types in Famennian

ammonoids. Ribs are rare, and are described as strong, weak, or
plicate when merely present as folds on the surface. Tubercles
may be present at the ventro-lateral or umbilical shoulder, and
can project laterally or ventrally and dorsally. Continuous
ventro-Iateral flares are known, as are spinnaker-shaped ventral
spines. When broken-off their trace/base on the venter is referred
to as the ventral band. Both'growth-lines and ribs can have
parabolic indentations resulting from resorption of shell material.

Sutures
The various genetic formulae used to describe sutures have
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been widely reviewed elsewhere (Kullmann and Wiedman 1970, Wiedmann
and Kullmann 1980). The simpler, more readily understood system
of Wedekind (1910, 1917), as modified by Wiedmann and Kullmann
(1980) is preferred to that of Ruzhencev (1962) but neither is

widely used in this thesis since the sutural ontogenies of most
Famennian ammonoids, especially clymeniids, are still unknown, thus
making a genetic terminology inappropriate. Instead a descriptive
scheme is used, related to the position of the element in the whorl
section. ,Terms used are ventral, ventro-lateral, lateral etc.
Famennian ammonoid sutures are rarely complicated enough for
ambiguity to arise •.

Signs used in the synony~ lists

Introduction
In this thesis a system of signs placed before the date in

the synonymy lists is used. They are commonly found in German
literature, but are not frequently employed by English-language
authors, and so an explanation is desirable. The system was
developed by Richter (1948), and amended by Rabien (1954). This
discussion draws freely on Matthews' account (1973), which has
been used as the basis for a description of the scheme.

The purpose of the system is to amplify and qualify the in-
formation given in a synonymy list. Ideally the reference, plus
signs, becomes self-evident, and little or nothing need be added
in the "Remaz'ka" section of a systematic descriPtion. At best
the synonymy, when complete, provides all the bibliographic in-
formation about a particular species and enables the reader to
assess at a glance the value of each and every previous reference,
and much involved discussion can be eliminated from the text. At
worst the system can be confusing, especially when not understood
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by the reader who accepts each entry as being of equal value.

- ,"

The system
The way in which the date of a reference is presented is

itself informative.

1923

(1838)

The date in italics records the mere mention of a species,
usually in faunal lists, and normally has not added to
understanding of the species.
A reference in normal type-face is one which has added
to understanding of the species.
Use of brackets indicates that the year of publication
is uncertain.

All other signs precede the date of the reference.

*

v

p

An asterisk denotes the earliest legally valid descrip-
tion/mention of a species, from which the species is
considered to date.
This is an abbreviation of "vidimus". The specimens
cited in the reference (either as illustrations, or
otherwise) have been examined.
This is an abbreviation for "partim'~. It means that the
reference cannot now be accepted as applying exclusively
to this species. Specifically excluded figures are
generally indicated in this way.
pl. VII, fig. 2,5, non figs. 3,4.

non 1908 Although a previous author believed that his material
belonged to the species under discussion "non" denotes
that this view is not accepted. There is always a
discussion of this opinion, or at least, a reference to
another author's views.

? 1923 The question mark indicates an opinion less doubting than
the use of "non" would have done. It implies an
objective assessment, based on an examination of the
original material or good figures, or referring to a
particular point in the description, and means this
reference cannot definitely be accepted as belonging to
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this species. Single figures in a reference can be
qualified with a question mark.

(1) 1914 A question mark in brackets indicates a more subjective
doubting of this reference. However, the material on
which the previous author based his description may be
lost, or his description ambiguous, and so the reference
can never be excluded with certainty.

• 1927 The stop indicates that the author includes this reference
on his own initiative.

Combinations of the signs can be employed,vizi

v* 1832 The type material has been examined.
vp 1923 The material used by the cited author in this reference

has been Examined, and only some specimens are considered
to belong to the species under discussion.

pv 1923 Only some of the material used in the cited author's
description has been seen.

vpv Only some of the cited author's material has been seen,
and only some of this, or the figures referred to, are
considered to belong to the species under discussion.
Cited figures can be excludeqfincluded by use of the
signs, vizi
pl. V, figs. v6, 17, (1)8; non 11.

v1 The material inquestion has been examined, but cannot be
excluded or included with certainty, usually because it
is poorly preserved, or lacking in some diagnostic
feature.

Signs are also used in the sections listing specific or
generic namesl

* An asterisk denotes the type species.
The species name was an homonym, a new name has been
substituted.
The species name is newly recognised as an homonym.
The species name is a synonym

=

h

s
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Abbreviations of Generic Names

The following abbreviations are used throughout.

A· Acanthoclymenia Pina. Pinacoclymenia
Acri. Acriclymenia Pl.
Akt. Aktuboclymenia Plat.
Bil. Biloclymenia Pleur. Pleuroclymenia
Car. Carinoclymenia Pn. Protornoceras~. Cheiloceras Post. Postglatziella
£1. £1Y.IDenia !!.Q.§j;p£Q • ~prolobites
Cost. Costaclymenia Prog. ProgonioclYmenia
£Y.ma. £y'maclYmenia .!:ill. Prolobites
£Y.rt. £y:rtoclY!_!!enia Prot. Protactoclymenia~. Endosi phonites Pro. ProtoxYclYmenia
Epi. Epiwocklumeria Ps. Pseudoclymenia
l.9.!£. FalciclyInenia Rect. Rectoclymenia
Genu. Genuclymenia Sch. Schizoclymenia
1i. Goniatites ~. Sellaclymenia
GI. Glatziella Sin. Sinoglatziella
Gon. GonioclYmenia Sol. Soliclymenia
!!illS. Hexaclymenia Sp. Sporadoceras
~ Kiaclymenia Sph. §phenoclymenia
Kallo Kalloclymenia Spin. .§pinocly:menia
Kosmo. Kosmoclymenia St. Staffites
LLsg 0 LaganOclymenia Stene Stenoclymenia
;Went· Lenticlymenia §£l. SulcoclYmeni a
H· MantJ:coceras .§yn. §Y.!lwocklumeri::t
Miro. Miroclymenia .'!:Qtl. Torleyoceras
.Qm. Ornatoclymenia Tri • Trigonoclymenia
Oto. Otoclymenia Ural. Uraloclymenia
PSlcb. Pachycly:menia 1Y. Varioclymenia~. Parawocklumeria ~. Wocklumeria

Museums I

Abbreviations used for museums can be found below under the
section headed ACknowledgements.
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A history of the study of Famennian ammonoids
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The First Forty Years (1831 - 1871)

Knowledge of Famennian ammonoids dates from 1831 when two
short papers by Georg, Count Munster, were delivered to the
Geological Society of France. These described the distribution
of "ammon~es" and "nautilacees" in Germany (MUnster 1831, p. 173 -
85). MUnster recorded ten species of Goniatites and eight
species of Ceratites from the "Uebergangskalk" of the Fichtel-
gebirge in north eastern Bavaria. These taxa, sub-divisions
of the genus Goniatites de Haan 1826, followed the usage of
Leopold von Buch, established in two lectures he had just delivered
to the ~dnigliche Akademie der Wissenschaften, Berlin. These
lectures were milestones in the development of the classification
of ammonoids. Goniatites was defined as having simple lobes
and saddles and was completely involute; Ceratites differed
from it by being evolute. Both could be distinguished from
Nautilus by the position of the siphuncle, which was ventral in
Goniatites and Ceratites, and mid-way between the dorsum and the
venter in Nautilus. Further attempts to divide the ammonoids
into "families" were made by Beyrich (1837) and Sandberger and
Sandberger (1850-56).

MUnster mentioned two species by name. g. speciosus (1831a,
p. 177) from Heinersreuth, which was described as resembling
Amm9n~tes Conybeari Sowerby 1812, and Planulites laevigatus
(1831b, p. 182), which had an "open shell 7 inches in diameter
with a smooth test and 8 whorls". This latter species was
listed with the Nautilacees without further explanation, and was
considered the most common in the Fichtelgebirge. Both of these
descriptiops were amplified in MUnster's pioneering work on
Famennian ammonoids "Ueber Planuliten und Goniatiten im Uebergangs-
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kalk des Fichtelgebirge'~ (MUnster 1832). Forty two species
of Goniatites and Planulites were described, most of which have
survived into todays literature, and at least ten have become the
type species of modern genera. Planulites was distinguished
from the Goniatites by the dorsal position of its siphuncle.

Earlier in 1832 Leopold von Buch had published an account
of a lecture on goniatites, given on the 15th December 1830 to
the Akademie in Berlin. This contained brief and ambiguous
descriptions and figured a few goniatites and clymeniids from the
Fichtelgebirge which von Buch had been sent by MUnster. Von
Buch did not notice the characteristic position of the siphuncle
in the clymeniids.

In 1833 MUnster announced his intention to have "Ueber
Planuli ten und Goniati ten •••" translated into French (MUnster
1834a) and, at the same time, to replace the name Planulites
with Clymenia, derived from the Greek Clymene, daughter of
Oceanus, since Planulites Parkinson 1822 was in fact an annelid.
The translation, "M~moire sur les Clym~nes et les Goniatites •••"
appeared in 1834 (MUnster 1834b). Munster (1833) also published
a catalogue of his extensive collection of fossils.

In 1835 MUnster wrote a letter to the Neues Jahrbuch in which
he used the name Clymenites. This was explained by Bronn, the
editor, in a footnote, as being a desirable alteration in order
to prevent confusion with the living annelid genus Clymene.
Schindewolf (1971) however, suggested that this modification
was simply to bring the ending into conformity with other known
ammonoid general Ceratites, Goniatites, Ammonites.

In 1837 Pusch described clymeniids and goniatites from the
HOly Cross Mountains, Poland. The next Famennian ammonoids

to be discovered were found by Otto at Ebersdorf in Grafschaft
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..Glatz, Lower Silesia (now Dzikowiec, Dolny Sla~k, Poland), and

were described by von-Buch (1838). In the same year Ansted
(1838) described clymeniids (for which he proposed the generic
name Endosiphonites) and goniatites from near Launceston,
Cornwall. Ammonoids were also found in Devon by Sedgwick and
Murchison (Sowerby 1842) and by Phillips (1841).

MUnster, in semi-retirement from his position in the Prussian
Civil Service, started to describe, with the help of other
scientists (eg. Meyer, Unger), his large collection of fossils in
a series of articles published in a periodical he established,
entitled Beitrage zur Petrefaktenkunde. Seven volumes were

published before his death in 1844 and several (Vol.1, 1839;
Vol.3, 1840; Vol.5, 1842) contained descriptions of further
newly discovered ammonoid species from the Fichtelgebirge.

At about the same time Upper Devonian ammonoids'of Frasnian
age were discovered in the southern Timan Domanik Schiefer by
Keyserling (1844), and from Westphalia and the Rhineland by Beyrich
(1837) and Steininger (1834) • It was only later, with the
extensive works of the Sandberger brothers, Guido and Fridolin,
that Famennian ammonoids were described from localities in
Westphalia (Nehden, Enkeberg and Warstein) now regarded as classic,
and Hesse (Sessacker and Kirschofen), (Sandberger and Sandberger
1850-56; G. Sandberger 1853, 1857). Elsewhere in Germany
Richter described goniatites and clymeniids from Bohlen near
Saalfeld in Thuringia (Richter 1848, Richter and Unger 1856)
including in the former work a new species, Goniatites sphaeroides,
later recognised by Schindewolf (1924, p. 107) as Wocklumeria,
a clymeniid, and characteristic of the uppermost part of the
Famennian.

Further discoveries of Famennian ammonoids were made in



25
•

south-west England (M'.Coy1852) and the Ardennes (H~bert 1855,
p. 1179; "Dehee (1929) was unable to locate these specimens and
thus verify the record). c. W. GUmbel (1862, 1863) was responsible
for a conservative revision of MUnster's works, based on a restudy
of his collections in Munich. His consideration of the clymeniids
contains the first serious attempt to sub-divide the genus
Clymeniao

During the next thirty years there was little or no new
systematic description of Famennian ammonoids, but there were
many reports widening the area from which they were known.
Tietze (1871) revised the faunas of Ebersdorf and Kayser began
what was to be a series of reports (1870, 1871, 1873, 1878) on
the Devonian rocks of the Rheinische Schiefergebirge, which
included some descriptions of ammonoids. In 1873 Kayser intro-
duced a sub-division of the Upper Devonian, in which the lower
9ypridina Stufe (lacking clymeniids) was separated from an upper
gl~enia Stufe (with clymeniids), which represented the first
attempt to produce an ammonoid biozonation of the Famennian.
Kayser (1873) described faunas from Nehden and Enkeberg, two
important localities near Brilon, Westphalia. Many.thousands
of beautifully preserved haematitic goniatites have come from
Nehden, first reported by the Sandberger brothers (1850-56)
using material collected by von Dechen. Enkeberg, wi th an
equally rich ammonoid fauna, was to be the source of much material
used by Frech (1902) and Wedekind (1908, 1913b, 1914, 1917) to
initiate modern studies of Famennian ammonoids in Germany. Branco
(1880) included Famennian ammonoids in his study of the juvenile
stages of cephalopodso Notably he recognised the ventral position
of the siphuncle in the first chambers of clymeniids.
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Late 19th Century Records

North America

Famennian ammonoids were still unknown in the Americas when
Hyatt (1884) fundamentally revised the generic classification
of Palaeozoic ammonoids. He formalised GUmbel's division of
Clymenia into "Untergattungen" by regularising the Latin endings
of their names, creating three families. Cyrtoclymenidae,
Cymaclymenidae and Gonioclymenidae, and recognising six genera.
Cyrtoclymenia, Oxyclymenia, Platyclymenia, Cymaclymenia,
Sellaclymenia and Gonioclymenia. Three more, Cryptoclymenia,
Cycloclymenia and Discoclymenia, were later found to be goniatites.
Hyatt (1884) divided the Famennian goniatites into distinct genera.
Tornoceras, Maeneceras, Sporadoceras, Brancoceras (later renamed
Imitoceras, Schindewolf 1921, 1923a), and Dimeroceras.
added one more, Paratornoceras, (Hyatt 1900).

In 1892 Clarke reported the discovery of a clymeniid, Clymenia

He later

(Cyrtoclymenia) neopolitana from the "Naples Shale" (Cashaqua
Shale) of Shurtleff's Gully, New York State. Hyatt (1900,
p. 548) placed the species in a new genus, Acanthoclymenia.
This anomalous early,Frasnian record was confirmed by Miller
(1938, p. 192) and accepted by Schindewolf (1955, p. 422) who
erected the monospecific family Acanthoclymenidae to accommodate
it. House (1961) restudied Clarke's type material and recognised
that A. neopolitana was in fact a Manticoceras~ and thus there
was no record of clymeniids from the Frasnian. Clausen (1971,
p. 196) established a sub-genus Manticoceras (Maternoceras),
with type species Ammonites calculifo~e Beyrich 1837, for his
Manticoceras (~.) Group III (1969, p. 16), in which he had

•
included Acanthoclymenia neopolitana (Clarke). Therefore,
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Maternoceras can be recognised as a junior subjective synonym of
Acanthoclyrnenia Hyatt.

Russia

Karpinskiy first reported details of Famennian ammonoids
from the western Urals, including clymeniids (1884), and the
distinctive genus Prolobites (188S, p. 336). Chernyshev
(1887b) described similar faunas from the southern Urals (Ishikay,
Sikashty and Terekly Rivers), noting the presence of a lower
Famennian Cheiloceras fauna, which was also found in the northern
Urals (Yaura River) by Krotov (1888). In 1891 Loewinson-Lessing
(1892) observed upper Famennian ammonoids from the eastern Urals
(Guberlinski Mountains), and in 1903 Tokarenko described ammonoids
from the Famennian of the Verkhneural'sk region in the southern
Urals. First reports from the Mugodzhar were made by Makhimson
in 1911. A more detailed review of the early development of
Famennian ammonoid studies in Russia was written by BogoSlovSkiy
(1969).

Europe (excluding Germany)

During the last quarter of the last century there were
numerous reports of newly discovered Famennian ammonoid faunas,
most notably by Frech from the Carnic Alps (1887b), Graz (1887)
and the Montagne Noire (1887a) (though reports of goniatites
from Herault date from much earlier than this}. Barrois (1898)
reported ammonoids from Rostellec on the Rade de Brest, Brittany,
from the Pyrenees (1898) and from Asturia (1882). Pruvost
(1912) gave reports from Southern Portugal and Lovisato (1894)
from Sardinia.
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20th Century Studies

Northern Europe

It is better to consider the study of Famennian ammonoids
after this time on a regional basis. Germany is considered
firstly because it is here that the majority of 20th century
studies have been made.

Eastern Rheinische Schiefergebirge

Modern studies can be said to have as their starting point the
later publications of Frech (1897, 1902). A revision of the
Lethaia Palaeozoica (Frech 1897) included a global consideration of
Devonian stratigraphy and details of fossil occurrences, including
ammonoids. Two new genera, Cheiloceras and Pseudoclymenia, were
introduced. Frech summarised much of his life's work on the
taxonomy and evolution of Devonian ammonoids in a large monograph
Ueber devonische Ammoneen (1902) in which many specimens were
illustrated. The species concepts be established were followed by
many subsequent German palaeontologists. In 1904 he published a
short paper on goniatites from Ebersdorf with triangular coiling,
which were later (Schindewolf 1937a) recognised to be clymeniids.
His final contribution (Frech 1913) was a catalogue listing all
known Devonian ammonoids, and a chart which proposed an ammonoid
zonal scheme derived from the early work of Wedekind.

Wedekind published a series of papers before and during
the First World War dealing with Frasnian and Famennian ammonoids
of the Rheinische Schiefergebirge. His first paper (1908)
was a description of faunas collected from a trench, dug through
the Famennian at Enkeberg in the eastern Sauerland. This was
the first bed-by-bed study of Famennian ammonoids. A number
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of genera were introduced (Centroceras, Protactoclymenia, Vario-
clymenia, Orthoclymenia, Genuclymenia, Rectoclymenia, Praeglyphi-
oceras); only the last three have survived the ravages of the
taxonomic revisers and strict interpretors of the ~. A
similar fate may also await the many species he established at
the same time.

Wedekind then turned his attention to the Balve area of the
western Sauerland where upper Famennian faunas are more easily
collected. In 1910 he recognised homeomorphy of shell and suture
line between the tornoceratid, Posttornoceras (gen. nov.) and
the cheiloceratid, Sporadoceras. Later (1913a) he studied
what he thought was an evolutionary series between Parodiceras,
Prolobites and Postprolobites (gen. nov.). His monographs
on Frasnian goniatites (1913b), clymeniids (1914) of the
Rheinische Schiefergebirge, and Devonian goniatites (1917)
were more substantial works in which some taxonomic revisions
were made. These included the introduction of new clymeniid
genera Balvites, Laevigites and Kalloclyrnenia, Wocklumeria
which he regarded as a goniatite, and a sub-generic division
of Cheiloceras into Cheiloceras, Staffites and Torleyoceras~
based on the nature of the lobes of the internal suture. Over
the course of ,these articles Wedekind had been developing his
zonal scheme for the Famennian and a final version of this was
published in 1926.

O. H. Schindewolf was a student of Wedekind when at Marburg.
Between 1916 and 1972 he published much dealing with cephalopods
in general, and Famennian ammonoids in particular, achieving
a pre-eminent status amongst German speaking palaeontologists.

Most of his early published work dealt with faunas from Thuringia
and is considered in that section below.
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Hermann Schmidt (1921) described a continuous profile through
the Upper Devonian at the Provinzial Steinbruch, Drewer in the
Warstein Anticline of the eastern Sauerland. He proposed an
evolutionary model of progressively deepening lobes in the,

,Cheiloceratidae and Sporadoceras.
Eucheiloceras and Dyscheiloceras.

Two genera were introduced,
Later he studied faunas

from around the Devonian-Carboniferous boundary near Balve,
recognising the superposition of the Gattendorfia Stufe over
the Wocklumeria Stufe (contra Schindewolf 1920, 1921, 1923a),
and also cOllecting a fauna of imitoceratids from the Stockum
Limestone. Lenticlymenia was introduced. Schmidt attempted
to use the terms Nehden, Hemberg, Dasberg as replacements for
Wedekind's Cheiloceras Stufe, Postprolobites and Platyclymenia
Stufe, and Laevigata and Wocklumeria Stufe.

The 1920's and 1930's was a period of intensive study of
Upper Devonian and Carboniferous stratigraphy of the Sauerland,
resulting in the publication of a series of 1125 000 geological
maps, including Balve (paeckelmann 1938). During this time
many trenched sections were cut through the Famennianl at
Enkeberg, by Lange 1922, 1923 and Paeckelmann 1925, at Beuel, by
Lange,1922, Paeckelmann 1931, Schindewolf 1934, the Hannetal
railway-cutting, by Schindewolf 1928-1934J at Dasberg, by
Paeckelmann and SchindeWOlf1930, and at Ballberg (Hovel), by
Schindewolf 1931. Lange published a revision of Wedekind's
Enkeberg profile in 1929, together with a description of material
from the annulata Zone at Beuel, from Dasberg and Borke-Wehr
and introduced two new genera, Stenoclymenia and Balvia. Between
1925 and 1945 o. H. Schindewolf worked for the Preussische
Geologische Landesanstalt (later known as the Reichsamt Reichstelle

fur Bodenforschung), during which time he published only two
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papers dealing with Famennian ammonoids of Germany. One was,
however, a brilliant detailed study dealing especially with
peculiar triangular coiled clymeniids of the Wocklumeria Stufe
from the Oberr8dinghausen railway-cutting in the H8nnetal (Schinde-
wolf 1937a). The following genera were established. Progonio-
clymenia, SOliclymenia, Pachyclymenia, Epiwocklumeria, ~-
glatziella, Kamptoclymenia, Triaclymenia and Piriclymenia.

The other paper, published in the same year (Schindewolf
1937b), dealt with more rare ammonoids. Archoceras and
Clymenoceras were two new genera established in an attempt to
describe the evolution of the family Phenacoceratidae Frech.

Then followed a long period of relative quiescence in the
study of Famennian ammonoid faunas in this classic area. With
the exception of a short contribution by Schmidt (1952) on the
Prolobitidae we have had to wait until recently when there have
been several short papers by Korn (Korn 1979, Clausen ~ ~.
1979, Korn 1981a,b). Korn (1979) described ventral spines from
Kosmoclymenia Schindewolf, a major morphological character which
had escaped description by palaeontologists for nearly 150 years.
He also (in Clausen et al. 1979) described clymeniids collected
during the remapping of Blatt Hirschberg by the Nordrhein West-
falen Geologisches Landesamt. In 1981 he published a taxonomic
revision of Cymaclymenia (1981a), and gave detailS of a Stockum
Limestone age imitoceratid fauna (1981b).

This dearth of activity can be partly attributed to the
turmoils of the Second World War, partly to the belief that
the faunas had been exhaustively monographed and partly to
palaeontologists turning their attentions to conodonts, fossils
more suited to a biostratigraphical role in mapping. The
purpose of this study has been to examine the first premise,
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and also to attempt to correlate the established ammonoid zonal
schemes of Wedekind and others, with the newly established conodont
scheme which has figured so much in recent stratigraphic studies.

The only descriptions of Famennian ammonoids from the south
eastern (basinal) Rheinische Schiefergebirge were made by Drevermann
(1901) and Matern (1931). Both looked at goniatites and clymeniids
from trenches and ironstone quarries in the Dill Syncline;
Drevermann from Langenaubach and Matern from Sessacker. Schinde-
wolf (1934) incorporated material from trenches at Ense, near
Bad Wildungen in the Kellerwald, in his revision of the genus
P1atyc1ymenia Hyatt. Other references to localities in the
Rheinische Schiefergebirge can be found in Schindewolf (1921).

Harz

East of the Rheinische Schiefergebirge in the Harz Mountains
Born (1912a), a near contemporary of Wedekind at G8ttingen,
described goniatites and clymeniids from Aeketal, and the same
sections were restudied by Fuhrmann (1954). These sections,
and trenches excavated through the same sequence at Sessacker
that Matern had studied, were used by Ziegler (1962) for the
lower Famennian part of his conodont studies.

Oberfranken, Ostthuringen, Sachisches Vogtland

The area of Ostthuringen, Sachische Vogt1and and Oberfranken,
now in north eastern Bavaria (BRD) and south western East
Germany (DDR), has received more attention from Famennian ammonoid
palaeontologists than any other in the world. It was from the
Fichte1gebirge (Oberfranken) that Famennian ammonoids were first
reported by Count MUnster in 1831, and later in 1848 Richter
described similar faunas from Bohlen near Saalfeld (Ostthuringen).
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O. H. Schindewolf began his ammonoid studies with a description
of the Famennian of the Oberfranken, principally at a quarry at
Kirch-Gattendorf near Hof, under the direction of Wedekind in
Marburg. This resulted in a series of articles describing the
faunas and the stratigraphic succession (Schindewolf 1916, 1920,
1923a,b, ,1924, 1926). Initially he placed the Gattendorfia
Stufe below the Wocklumeria Stufe. At Gattendorf Wocklumeria
Stufe faunas, or at least Wocklumeria itself, are absent. From
Bed 20 Schindewolf (1923a) recorded clymeniids, and above in Bed 21,
he recorded Gattendorfia. The absent Wocklumeria Stufe was
thought to belong next above. Schindewolf introduced the
fOllowing general 19201 Costaclymenia, Schizoc1ymenia, Spheno-
clymenia; 19211 Imitoceras, BiloclymeniaJ 1923al Wedekindoceras,
Hexaclymenia, Falciclymenia, Protoxyclymenia, OtoclymeniaJ
1923bl Miroclymenia; 19261 Parawocklumeria, Trochoclymenia.

Born (1912b) reported a presumed occurrence of Cheiloceras
and clymeniids from Bohlen. The material described as Cheiloceras
was later shown to be Prionoceras. Schmidt (1923) revised the
identifications of Richter's (1848) Famennian ammonoids from
Bohlen. Schindewolf then turned his attention to the Saalfeld
region, publishing papers in 1924, 1928 and 1952. His further
contributions to the study of Famennian ammonoids lay in papers
dealing with the phylogeny and systematics of clymeniids (1949a,b,
1955), producing the Treatise section on clymeniids (1957) and
in a posthumouSly published paper (1972) he summarised many of
his ideas. Two more genera were established, Kosmoclymenia
(1949a) and Sulcoclymenia (1972).

In 1954 Pfeiffer described the geology of the Bohlen area,
and collected Wocklumeria from its type area for the first time
since Richter, over 100 years before. Lately Bartzsch and
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Weyer (1980) have described ostracods, conodonts and again~-
lumeria from the same sequences. Muller (1956) described Upper
Devonian faunas, including ammonoids, from near Schleiz (Ostthuringen).
Brugge (1973) described cOllections of conodonts and ammonoids
from Muller' s Alte Heerstrasse section, and provided evidence for
the correlation of ammonoid and conodont zones. Weyer has
recently (1981) described Glatziella and Parawocklurneria from
Schleiz, and revised the classification of the Gonioclyrneniina.

Less information is avaliable from Vogtland. Schlosser
(1927) recognised all six Upper Devonian Stufen in the Plauen
region and Gallwitz' (1938) statistical study of Frasnian Archoceras
included material from here. Freyer (1957) described faunas
from the same and other sections in the Plauen area.

Silesia

Leopold von Buch (1832, '1838) and Beyrich both collected from
"Ebersdorf in Nieder Schlesien (now Dzikowiec, Dolny Sl~sk, POland)

and Tietze (1871) described the fauna at length. Since then
the only published fossil descriptions have been by Renz (1913a,b,
1925), who established (1913b) the clymeniid genus Glatziella,
with a number of species. Schindewolf (1921, p. 179; 1937a,
p. 20) listed faunas ranging from the annulata Zone to the
Wocklurneria Stufe and more recently Lewowicki (1959) has described
Famennian ammonoids and Weyer (1965) has described Gattendorfia
Stufe goniatites, which Frech (1902) had earlier considered as
Devonian.

Czechoslovakia

Famennian clymeniids and goniatites were discovered near
BrUnn (now Brno, Moravia, ~SSR) by Rzehak (1881) which he later
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described in detail (1910). The range of genera described
demonstrate the presence of a sequence from the Cheiloceras to
Clymenia Stufen. Koliha (1929) reported Cheiloceras from the
Je~t~d Mountains. Kettner (1933) and Patteisky (1929) reported
a poorly preserved Kalloclymenia sp. from Moravia. Chlup~~
(1966) described Clymenia, Protoxyclymenia and Sporadoceras
also from Moravia, but was unable to recollect from the doIV
levels described by Rzehak. Chlupa~ 'Chlupa~ and Zikmundova
1976) reported Cheiloceras and Clymenia from a bore hole near

, / . .Hradec Kralove, ~n eastern Bohem~a.

Elsewhere in north western Europe Famennian ammonoids are
known from the shelf facies (= Rhenish) of the Old Red Sandstone
continent from Velbert, Bergisches land and Aachen in Germany,
and further west in Belgium and north eastern France • Ammonoids.
are also known from Brittany, and, appropriately enough, from
the Devonian '~type-area" of Devon and Cornwall in south western
England.

Dinant Basin and the Eifel Mountains

Early records from the Ardennes have already been discussed.
In the Dinant Basin Delepine (1929) reported Cymaclymenia camerata
Schindewolf from the Etroeungt of Semeries, northern France,
Dehee (1929) recorded clymeniids from Avesnelles, northern France,
and Sartenaer (1957) reported the discovery of the Cheiloceras
curvispina zone from near Limburg, eastern Belgium. House
(1973) reported Cheiloceras from near the Frasnian-Famennian
boundary at Senzeilles, the type section. Cheiloceras is also
known from further east in Aachen Anticline (Holzapfel 1910,
Wulff 1923, Kasig et al. 1979) and Wolfgang Schmidt (1956) recorded
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The only other reported occurrence of Famennian ammonoids

west of the Rhine is at Budesheim (Clausen 1968) a locality which
has long been famous for its Frasnian faunas (Steininger 1834;
Sandberger and Sandberger 1851-6). East of the Rhine, in the
Bergisch G1adbach-Paffrath Syncline, Jux and Krath (1974) described
what must be the most delicately preserved pyritised Famennian
goniatites. Chei10ceratids and tornoceratids were recovered from
a building trench through the Knoppenbiessen Beds near Bensberg.

The only other important non-Cepha10podenka1k locality for
Famennian ammonoids in northern Germany is the Herzkamp Syncline.
Most common are IIa level faunas of chei10ceratids and tornoceratids,
described by Gruneberg (1925). Higher levels are also present
and c1ymeniids were reported by Paecke1mann (1913, 1921, 1922)
and Paul (1939).

Armorica

The only recent studies have been by Babin (Babin 1966,
Babin et~. 1976) who has described faunas consisting of Cheiloceras,
Tornoceras and Lobotornoceras from near the Frasnian-Famennian
boundary of the Rade de Brest. Further east Peneau (1929)
described upper Famennian c1ymeniid~ including Wock1umeria,
from St. JU1ien-de-Vouvantes (Loire Atlantique) near Angers,
and Babin and Paris (1973) reported Tornoceras and Au1atornoceras
from near Rennes.

South West England

House and Selwood have recently contributed much to our
knowledge of Famennian ammonoids from south west hng1and, which
had lain relatively unstudied since the 1850's. House (1956)
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reported Cheiloceras from Padstow, north Cornwall, and later, House
(1960), Platyclymenia, Kosmoclymenia and Imitoceras from near
Tavistock, Devon.

The discovery of Wocklumeria from Launceston, east Cornwall
(House and Selwood 1957) was most significant. This, when taken
together with the collections of Ansted and Phillips, proved a
sequence in that area from the Platyclymenia to Wocklumeria Stufen.
The faunas were described by Se1wood (1960) in greater detai1,
and two genera were introduced I Kenseyoceras and Mayneoceras.
A similar suite of ammonoid faunas from Chud1eigh, south Devon,
was a1so recorded by House (Butcher and House 1961, House 1963,
House and Butcher 1975).

Po1and

Tracing descriptions of Famennian ammonoid faunas from Poland
is comp1icated somewhat by the p01itics of the twentieth century.
Traditiona11y this work had been carried out by Germans and
Russians in the emp10yment of the Russian Imperia1 Survey. Faunas
from Ebersdorf (Dzikowiec) were discussed in the German/Silesia
section.

Gurich (1896, 1909) described Famennian ammonoids from the
Ho1y Cross Mountains near Kielce, and subsequent authors have
worked in the same area.' Dybcynski (1913) pub1ished an outline
report of'the scope of faunas present at Kielce, ranging from the
base of the Famennian to the Clymenia Stufe. The report was
introduced as preliminary to a monograph, but this was never
published. Two goniatite genera were introduced. Protornoceras
and POlonoceras.

Czarnocki (1909, 1928, 1938) pub1ished a ,number of articles
on the Devonian and Carboniferous palaeontology ,and straUgraphy
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of the Kielce region. That he also planned a monographic descrip-
tion of Famennian ammonoid faunas is alluded to in a catalogue
of fossils (RUhle 1972) in which many museum determinations are
attributed to Czarnocki. This includes many new genera and
species, which are all nomina nuda. The list of species present
suggests that the Wocklumeria Stufe is fully developed at Kielce.

The work of Sobolev requires more than a little comment,
(but see Chapter 4). Between 1911 and 1928 he published a series
of articles on the Upper Devonian of the Holy Cross Mountains,
mostly in Russian, in unaccessible POlish/Russian journals. His
major contribution was Nabroski po filogenii goniatitov (1914a),
an outline of which was published in German (1914b) and is therefore
more readily studied. Essentially Sobolev believed in a polyphy-
lectic origin of the clymeniids from goniatites, which he
substantiated by a series of "phylogenetic" lineages now recognised
merely as homeomorphic groupings.

Makowski (1962) used specimens of Cheiloceras subpartitum
(MUnster) and Paratorleyoceras globosum (MUnster) as examples of
the occurrence of sexual dimorphism in early goniatites. Kalis
(1969) reported Kosmoclymenia and Cheiloceras from boreholes at
8pole Lubelskie and Niedrzwica, in the western Lublin basin.
House (1970) used material from the lower Famennian of the Kielce

region, described earlier by Dybcynski (1913) and Sobolev (1914a,b),
to illustrate his arguments outlining the origin of the clymeniids.
He introduced the new genus Tornia.

Southern Europe

Carnic Alps

Little has been added to our knowledge of Famennian ammonoids
of the Carnic Alps since Frech's (1902) study. D'Angelis Ossat
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(1897) illustrated what appears to be a species of Balvia from
Pal Grande in the Carnic Alps and Gortani (1907) described in
detail a fauna from Casera Promosia, nearby. Recently House
and Price (1980) have revised old reports of ammonoids, preliminary
to a restudy of the rich faunas from this area.

Montagne Noire

Bohm (1935) is the only person to have published on the
Famennian ammonoids of the Montagne Noire this century.

Spain

Our understanding of late Devonian ammonoids from the Iberian
peninsula was poor until Kullmann made a study in the Cantabrian
Mountains of Spain twenty years ago, (Schindewolf and Kullmann
1959, Kullmann 1960). A large number of Devonian ammonoids were
described, from the Emsian upwards, including a complete sequence
through the Famennian.

Greece

Recently Roth (1964) reported the occurrence of Cheiloceras

from the island of Chios in the eastern Aegean.

NOrth Africa

Famennian ammonoids were first discovered in the central
Sahara in 1903 (Haug 1903). By 1933 (Menchikoff 1933) sufficient
was known of the ammonoids of the Saoura valley and the Ougarta
Mountains for all th~ German ammonoid Stufen to be recognised in

North Africa. Later Clariond, Termier and Roch (fide Petter 1959)
demonstrated the presence of similar faunas further west in
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Morocco. The first detailed descriptions of the faunas were
prepared by the Termiers (Termier and Termier 1948, 1950) and much
of this material was redescribed in detail by Petter (1959, 1960).
Buggisch and Clausen (1972) described sequences across the Frasnian-
Famennian boundary in Morocco.

USSR

Perna (1914) described the Famennian faunas of the Verchneuralskl

region (Chelyabinsk Oblasti), east of the Urals, enlarging on the
contributions of Karpinskiy (1884) and Tokarenko (1903). The
faunas indicate the presence of a sequence ranging from the
Cheiloceras to Platyclymenia Stufen. In a review of Perna's
exemplary study Schindewolf (1922) introduced a new genus, Pernoceras.
Nalivkina (193~ described Cheiloceras and Cyrtoclymenia from the
western coast of Novaya Zemlya, and from the southern Urals
(1936b). Later (1953 ) she described a fauna of almost
exclusively Platyclymenia Stufe age from the Mugozhar (Novorossik
Region, Aktubinsk Oblasti) which had been discussed briefly by
Kind (1944). KOlotukhina (1938) described a Platyclymenia Stufe
fauna from Kazachstan (Kairakty, Karaganda Oblasti).

Over the last 25 years B. I. Bogoslovskiy has been responsible
for a series of major papers on the Devonian ammonoids of Russia,
mostly from the Timan and the Urals. Much of his work describes
specimens collected by various expeditions and survey programmes.
Famennian faunas have been described principally from the southern
Urals (Bashkirskaya ASSR) and Kazakhstan (Mugozhar Mountains =

Aktubinsk Oblast', and Karaganda Oblast'), but also from the
northern Urals. The following genera were introduced a 1955;

Kia~lymenia (River Kiya, Aktubinskaya Oblast'); 1957; Sedgwick-

oceras, Paratorleyoceras, POlonites, Paradimeroceras (S. Urals),
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1962; Spinoclymenia (R. Kiya, Akt. ObI.); 1965; Carinoclymenia
(Kara-Zhar, Sukhinorskiye, Akt. ObI.); 1975; Acriclymenia (Kara-
Zhar, Akt. ObI.), Pinacoclymenia (R. Kiya, Akt. ObI.); 1977;
Uraloclymenia (R. Man'ya, N. Urals, R. Kiya, S. Urals; R.
Sherubay-Nura, Karaganda ObI.); 1979a; Cteroclymenia (Kara-Zhar,
Akt. ObI.); 1979b; Aktuboclymenia (Kara-Zhar, Akt. ObI.),
Kazakhoclymenia (R. Sherubay-Nura, Kara. ObI.), Ornatoclymenia
(R. Kiya, Akt. ObI.), Laganoclymenia (R. Kiya, Akt. ObI.); 1981;
Mesoclymenia (R. Sherubay-Nura, Kara ObI.), and Riphaeoclymenia
(R. Kiya, Akt. ObI.). In a work dealing with mainly Carboniferous
ammonoids Librovich (1947, 1957) introduced Acutimitoceras, and
Synwocklumeria, described from the River Ryazyak (Bash. ASSR), and
later reported by Bogoslovskiy (1981) from the River Marukhye in
the northern Caucasus.

An atlas of key fossils found in the USSR (Nalivkina 1947)
illustrated many Famennian ammonoids. In 1962 the Osnovi
Palaeontologii volume on cephalopods covered Devonian ammonoids
in depth (BogoSlovskiy 1962) and recently Bogoslovskiy has contributed
to knowledge of the nature of the siphuncle in the early stages
of clymeniids (1976) and has discussed the phylogeny of the
Clymeniina (1979b), and Gonioclymeniina (1981).

South Central Asia

Iran

Walliser (1966) described goniatites and clymeniids of the
Platyclymenia Stufe from the Shotari Range of north eastern Iran,
and introduced the .subgenus Sporadoceras (Iranoceras).
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Pakistan

Platyclymenia has been reported from near the Khyber Pass in
Pakistan (Talent and Mawson 1979).

China

There is only one early~ record of Famennian ammonoids from
China; Mansuy (1912) identified Paradoceras globosurn (Munster)
which may be Paratorleyoceras sp. However, within the last
twenty-five years there has been a great increase in our knowledge.
Chang (1958) described two new genera, Sinotites and Sunites,
from near Tarninshang in the Great Khingan. Further aspects of
the fauna were subsequently described (Chang 1960), which indicated
levels ranging from the Cheiloceras Stufe to the annulata Zone.

The presence of the Clymenia and Wocklurneria Stufen was
demonstrated by Sun and Shen (1965) from Kweichow, Kwangsi and
north eastern Yunnan with a rich suite of goniatites and clymeniids.
Two genera, Sinoglatziella and Asioclymenia, were introduced.
Ammonoid faunas from the Wocklurneria Stufe have also been discovered
in Kansu and Sinkiang by Ruan and He (1978), and recently Ruan
(198!) described in detail the ammonoid fauna of the Daihua Form-
ation of Kwangsi and Kweichow.

Australia

The presence of Famennian ammonoids in Australia was first
recognised by Foord (1890) who studied specimens sent to him from
the Kimberley District of the Canning Basin, Western Australia.
These were first described in detail by Delepine (1935). Further
cOllecting by Teichert since 1939 (Teichert 1941, 1943) and
later by a number of institutions has resulted in the recognition
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of goniatites and clymeniids ranging in age from the Cheiloceras
to Clymenia Stufen.
Petersen (1975).

Famennian ammonoids from eastern Australia are 1ess well

These have been described in detail by

Pickett (1960) reported Cyrnaclymenia and Platyclymenia
from north eastern New South Wales. From the same area Jenkins
(1966) subsequently described Cheiloceras acuturnMunster, indicative
of the lower Cheiloceras Stufe. However, the identification of
the poorly preserved specimens is open to question. and they may
be Tornoceras. Reports from higher levels (Jenkins 1968) of
Genuclymenia, Platyclymenia and Sporadoceras, although based on
poorly preserved material, are more convincing.

North America

Few Famennian ammonoids are known from North America, but
older Devonian faunas are comparatively more widespread.

Western Canada

The only records of Famennian ammonoids are of a Cheiloceras
Stufe fauna (Cheiloceras, Sporadoceras and Dimeroceras) from the
North West Territories, and a possible Platyclymenia from Fisher
Range, Alberta (House and Pedder 1963).

Eastern North America

The few known records are from a belt of Devonian rocks
cropping out on and near the southern shores of Lake Erie. House
(1962, 1968) reported Cheiloceras, Aulatornoceras and Maeneceras.
There is an earlier record by Miller and Flower (1936) of Spora-
doceras from Pennsylvania. These are certainlY indicative of the
Cheiloceras Stufe, and possibly of the lower part of the Platy-
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clymenia Stufe. Further west in Ohio (House 1978) recorded
Cyrtoclymenia, £ymaclymenia and Platyclymenia. Earlier (1962)
in Iowa, he had recorded Cyrtoclymenia and fymaclymenia, and
Manger (1973) recognised Falcicl~enia.

Montana and New Mexico

The Three Forks Shale fauna of Montana was first described by
Raymond (1907, 1909, 1911) and was restudied by Schindewolf (1934).
He considered it to be from the Platyclymenia Stufe and introduced
a new genus, Raymondiceras. House (1962) recognised Rectoclymenia.
Miller and Collinson (1951) reported Falciclymenia from the Percha
Shale of New Mexico.

Miscellaneous Subj~

Walliser (1970) and House (1971) have both described wrinkle-
layer structures in Famennian ammonoids. In a posthumously
published article Schindewolf (1972) discussed many aspects of
his life's work, including clymeniids. House has written several
papers (1964, 1971, 1972, 1973) dealing with the distribution of
Devonian ammonoids, and these include accounts of Famennian
ammonoids, particularly Cheiloceras and Platy£ymenia (1971).
Drushchits. Bogoslovskaya and Doguzhaeva (1976) described the
evolution of ammonoid septal necks, including details of the
Clymeniida.



Chapter 3

The ammonoid zonation of the Famennian
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Introduction
This chapter is divided into four parts. Firstly the sub-

divisions of the Famennian in Belgium are examined, considering
especially reports of ammonoids. Then follows a detailed dis-
cussion of the ammonoid zonation of time-equivalent rocks in the
Rheinische Schiefergebirge, for which no single name exists, save
"mittleres und oberes Oberdevon". Two charts summarise the evolu-
tion of the Stufen and zonal terminologies (Textfigso 3,1 and
3.2a-d, respectively). Reports of ammonoid biostratigraphy are
critically examined, especially the unrivalled account of Wedekind
(1908), and those of Schindewolf (1916 et ~qo), Schmidt (1921,
1924), Lange (1929), Matern (1931), and Wedekind (19l3a,b, 1914).
For the two intervals curvispina-annulata Zone (Wedekind 1908)
and the Wocklumeria Stufe (Schindewolf 1937a) little that is signi-
ficant in terms of ammonoid specific ranges, has been added to
date. Precise evidence is newly presented here for the inter-
vening annulata Zone and £lY.menia Stufe.

In a brief section the use of ammonoid zonal names within the
Famennian is rationalised, each zone being defined. Finally,
using information accumulated for this thesis and from the liter-
ature, a series of 23 faunal levels based on specific ranges are
newly recognised. These are related to the zones.

The Famennian

The Famennian, used as a name for the uppermost Stage of the
Devonian, was established as a name for a series of shelf clastics
with subordinate carbonates, almost lacking in ammonoids, in the
Dinant Basin of southern Belgium (Gosselet 1860, Mourlon 1875,
fide Lecompte 1956). Brachiopods (Gosselet 1877), and more
recently conodonts (Bouckaert, Ziegler and Thorez 1965) and spores
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(Bouckaert et al. 1968), have been used as the principal means of
biostratigraphic correlation within it.

Over the same period of time German authors (see below) have
devised an ammonoid zonal scheme in condensed ammonoid-rich car-
bonates in the Rheinische Schiefergebirge. Correlation between
the two areas has largely been based on lithological grounds, in
the Aachen and Velbert areas, where the two facies overlap to some
degree. Ziegler's (1962) work on the conodont faunas of the
Rheinische Schiefergebirge has enabled the Famennian of Belgium to
be more accurately correlated with the German sequences.

Famennian of ~gium

A review of the evolution of the terminology of the subdivisions
of the .Famennian can be found in the Lexi~ Stratigraphi~
(Lecompte 1956). During the last twenty-five years there have
been serious attempts to provide a biostratigraphy of the Famennian,
so that it can justifiably be used as a stage name outside its
historical type-area with some degree of reliable correlation •

. .

Sartenaer (1957 et seq., see references in Sartenaer 1970)
has provided a series of articles refining a rhynchonellid zonation
of the lower Famennian. He also published a detailed description
of the now destroyed Frasnian/Famennian boundary type-section at
Senzeilles, and showed that the sequence through the Assises de
Senzeilles was not complete.

Bouckaert ~ al. (1965) proved the conodont zones which
Ziegler (1962) had recognised in the Rheinische Schiefergebirge
(see Chapter 6 for a discussion of the Famennian conodont zones)
to be present in Belgium, thus permitting a more precise correla-
tion between the Famennian of Belgium and Germany.

Bouckaert et al. (1965) also helped to clarify the limits to
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the Famennian. Gosse1et (1877, p. 306) had placed the Frasnian!
Famennian boundary at Km 101.026 in the railway-cutting at Sen-
zeilles at the base of a 6m thick unit, where tI_Qyrthiamurchi-
soniana" entered the record. Bouckaert et~. (1965) obtained a
Middle triangularis Zone fauna from a limestone 6m above this
level. Later Bouckaert, Mouravieff, Thorez, Streel and Ziegler
(1972) attempted to improve the documentation of the Frasnian/
Famennian boundary in Belgium. They pointed out that the conodont
record at Senzeilles was incomplete, the Lower triangularis and
upper_g!g2§ Zones being unrecognised. By studying another seq-
uence at Hony, they pointed to a major change in the conodont
faunas occurring between the upper.g~g~ and Lower triangularis
Zones, which, by means ,of a simultaneous significant change in the
composition of the arcritarch fauna, they correlated with a level
some two metres above Gosselet's Frasnian/Famennian boundary at
Senzeilles. On this basis they proposed that the Frasnian/
Famennian boundary be redrawn at Hony at the base of .Bed 48b, which
was coincident with the base of the Lower triangularis Zone.

The Tournasian is the stage overlying the Famennian, and the
boundary between them was equated with the Devonian/Carboniferous
boundary.

..
However, Bouckaert et al. (1965) reported a costatus

Zone fauna from levels assigned to the zone Tnla, the lowest
Tournai sian, which, by comparison with the conodont and ammonoid
faunas from the Devonian/Carboniferous sequence at Oberr~dinghausen,
would place it in the uppermost Devonian. The detailed palyn-
ological work of Streel (see references in Paproth and Stree1
1970) has added to the precision of correlation around these levels.
Acceptance of the base of the sulca~a Zone (paproth 1980) as the
Devonian/Carboniferous boundary, with the Famennian and Tournaisian
stages either side of it, should prompt realignment of the base
of the Tournaisian to coincide with the system boundary, and hence
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define the top of the Famennian.

The Famennian in Belgium was divided on the basis of litho-
stratigraphic units (Lecompte 1956). Bouckaert ~~. (1968)
showed that these units were diachronous, and proposed new divisions
using biostratigraphic units based on a combination of brachiopod,
conodont, spore and foraminiferal zones. The lower/upper Famennian
(Fa 1/2) boundary was drawn between the ~pida and rhomboidea Zones,
which they said was a major macro- and micro-faunal break, and
coincided with a change in lithology in a part of the Dinant
Syncline.

There are few reported occurrences of ammonoids in the Famen-
nian of Belgium and France. Deh~e (1929, p. 15) stated that such
records as there were should be treated with reserve since most of
the clymeniids which he had been able to examine in old collections
were gastropods. He illustrated (pl. 1, fig. 13) £Y.ma. evoluta
from Avesnelles, and two further specimens (pl. 1, figs. 11,12)
collected from the Carriere du Parcq by Gosselet. Demanet (1958,

. .
p. 55) recorded "Striato. euryomphala" (= £Y.ma. evoluta 1) from
Landelies, near Namur.

Hebert (1855, p. 1170) recorded Clymenia undulata and £1.
1 laevigata from the ttroeungto In 1957 Sartenaer (1957a)
recognised the Cheiloceras Zone near Limbourg, and House (1973)
reported a single specimen of Cheiloceras (Torleyoceras) sp.
from a locality on the Aye sheet. Bouckaert ~~. (1968) show
Cheiloceras, SPQradoceras latilobum and .£y:macly'!!!eniaeuryomphala on
a range-chart (hors-texte III), but do not state their evidenceo
Dreesen (1982a,b), in describing distinctive oolite ironstones

..

from the Dinant and Vesdre basins, reported Cheiloceras circum-
flexum and £b. amblylobum identified by me. I can report another
occurrence near Han-sur-lesse (near Pto 42 of Sartenaer 1970).
A sample collected by Gerd Trost yielded Cheiloceras circumflexum
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and Ch. amblylobum.
Delepine (1929) recognised £y.ma. camerata from the Etroeungt

of S~meries in northern France. Bouckaert, Dreesen and Drijkonin-
gen (1978) reported a number of examples of Cheiloceras from the
souverain-Pre Formation of the Avesnois, northern France. They
are too poorly illustrated for their identifications to be confirmed.

A possible means of correlating the Famennian of Belgium with
the German Cephalopodenkalk sequence existed through the Famennian
of the Aachen area on the west of the Rhine, and the Bergisches-
land and Velbert areas on the east, where the Etroeungt,at least,
has long been recognisedo Ammonoids have been reported from all
of these three areas.(Schindewolf 1921, Wulff 1923, W. Schmidt 1956,
Kasig et al. 1979, Jux and Krath 1974, Paeckelmann 1922, Paul 1939).

Ammonoid Zonation in ~ Famennian ~ ~ Rheinische Schiefergebirge

Early Schemes
Kayser (1873, p. 669) recognised two divisions of the Upper

Devonian of the Rheinische Schiefergebirge by their ammonoid fauna,
which he correlated with Gosselet's (1873) subdivision of the
upper Devonian of the Ardennes.

Kayser 1873 Gosselet 1873
Clymenien-stufe Kalkstein von Etroeungt

Sandstein von Condroz
Schiefer der FamenneCypridinen-stufe

Intumescens-stufe
Schiefer von Matagne mit
Cardiola retrostriata
Kalke and Mergel von Frasne
(Cuboides-Schichten)

(from Kayser 1873, p. 654)

Ziegler's (1979) account seems to misinterpret the events surround-



ing this division of the Upper Devonian into an upper and lower
part. He suggests (p. 42) that it was Kayser who first did this,
but surely this was first achieved by Gosselet a few months
previously (Gosselet 1873) since Kayser (1873, p. 654) quotes from
Gosselet.

Kayser's twofold division of the Upper Devonian was based
on the observation that the lower part contained distinctive
goniatites, termed Primordiales (= Gephuroceratina), which were
absent from the upper part. This, latterg was subdivided into a
lower part containing a new and distinctive goniatite fauna (=

Cheilocerataceae), and an upper part in which clymeniids first
appeared. To these divisions Kayser gave the names Intumescens-
Stufe, ~ypridinen-Stufe and glymenien-Stufe. He also suggested
the name MUnsteri-Stufe for this uppermost subdivision (Kayser
1873, po 664)0 This name was adopted by Loewinson-Lessing (1892)
who described a fauna from the eastern Urals which appears to
range in age from the ~phinus to subarmata Zones. No attempt
was made, however, to integrate this zone in any scheme, nor to
define its character, save perhaps, by implication the presence
of §E. (§E.) muensteri.

A similar scheme was repeated by Frech (1887a, p. 438, 446).
Here he recognised the lowest Frasnian Q. lunulicosta Zone, and
gave the name Stufe des Q2n. curvispina (alSO named as Stufe des
Gon. curvispina and Q2n. ~partitus on p. 438) to the horizon
containing a fauna of Simplices (tornoceratids and cheiloceratids)
which lay above the Intumescens-Stufe (with a fauna of Primordiales),
and below the £!Yffienien-Stufe(with a fauna of clymeniids and
sporadoceratids). In the Lethaea Palaeozoica (Frech 1897, p.
176-8) Frech retained this four-fold division of the Upper Devonian.

Denckmann (1901a,b, Denckmann and Lotz 1901) was the first to
attempt to divide the clymeniid faunas. Denckmann and Lotz (1901)
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recognised a similarity between the Upper Devonian faunas of the
Kellerwald and the Sauerland. In the Balve area they reported
a three-fold division of the Clymenienkalka a lower division, a
middle division, characterised by £1. annulata, noticed in a quarry
at Beil, and an upper division, characterised by Cl. §peciosa and
and Q!. laevigata 0 A fuller account (Denckmann 1901b) of the
faunas from the Kellerwald used the exPlicit term "Zone der Cl~enia
annulata" and listed the following important speciesa

Enkeberger Kalk = Untere Clymenienkalk
Prolobites ~phinus
Tornoceras simplex
Brancoceras sulcatum
SPQradoceras MUnsteri
Clymenia cfo laevigata

affo striata
Zone der £!Y.menia annulata

Clymenia annulata
g. angustiseptata
Clo cfo laevigata

Dasberger Kalk = Oberer Clymenenkalk
£!Y.menia annulata
£1. angustiseptata
£1. cf. laevigata

Frech (1902), provided sUPPlementary information and sub-
divided the middle and upper Upper Devoniana

Clymenien Stufe { Zone der Gonioclymenien. . ..

Zone der Clymenia annulata
Zone der Pseudoclymenia Sandbergeri

Zone des Cheiloceras
curvispina

The Ch. curvispinaZone contained a fauna 99% of which was Cheilo-
ceras, the Pseudoclymenia Sandbergeri Zone fauna included inter
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alia, ~. striata, ~. undulata, E§. Sandbergeri, Prolobites
delphinus, and SPQradoceras spp. Only E§. Sandbergeri, T. plani-
dorsatum and Cl. annulata were recorded from the Cl. annulata Zone.- -
The uppermost Gonioclymenien Zone contained, inter alia, Cl.
solarioides, Pseudarietites, and Cl. laevigata, and Goniocly.menia

spp. especiallyo

Wedekind's (1908) Enkeberg Section
A 9.2m trenched section through the Clymenienkalk of Enkeberg,

Sauerland, was investigated by Wedekind (1908) in a systematic
manner, cOllecting bed-by-bed. He was able to chart the precise
ranges of most known Famennian ammonoids and he divided the suc-
cession into Beds by their fauna. The usefulness of his results
is diminished by the discrepancies (House 1970) which can be found
between his species ranges in the text, the table of faunal ranges
(opposite p. 634), and the listing of the fauna bed-by-bedo(p. 569-
71), and the condensed nature of the sequence. His results are
summarised in Textfig. 3.3 and the important points it contains
are picked out. The sequence was divided into Lower (Beds 31-26)
and Upper Cheiloceras Beds (Beds 25-18 (p. 572) or 25-16 (table»
(this discrepancy is important since Bed 17 contains the first
occurrence of E§. sandbergeri), Beds with ~enia involuta and
Prolobites delphinus (Beds 14-10), and Beds with £!Y.menia annulata
(Beds 9-4) 0 Wedekind did not locate the Frasnian/Famennian or
Intumescens-Stufe/Cheiloceras-Stufe, boundary nor did he specify
which ammonoids enabled him to identify Bed 32 as Intumescens-
Schichten. Wedekind had two attempts at analysing what he thought
were the major faunal divisions at Enkeberg. On p. 572 he stated
that the middle/upper Upper Devonian boundary was at Bed 17 (not
above or below it) in which T. sandbergeri occurred. On p. 574
he listed three divisionsl Beds with species of Cheiloceras, Beds
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with species of Cheiloceras and Spgradoceras. and Beds with
species of SPQradoceras and clymeniids.

The Lower Cheiloceras Beds were 6.53m thick although Bed 31,
6m thick, containing Protornoceras planidorsatum, and possibly
Qb. sacculum (contrary information can be found on p. 571 and in
the table) accounted for most of this. Cheiloceras (Ch.) verneuili
and ~o curvispina, and Ch. (£h.) acutum were restricted to the
Lower Cheiloceras Beds. Paratornoceras lentiforme appeared in
Bed 29, and Lobotornoceras bilobatum in Bed 27. The boundary
with the two metres thick upper Cheiloceras Beds (25-716) appears
to have been marked by the incoming of §E. (§E.) biferum since no
new cheiloceratids were recognised. Later, in Bed 22, numerous
species of Dimeroceras first occurred, along with Maeneceras
acutolaterale.

The uppermost boundary of Wedekind's Cheiloceras Beds is

difficult to define. In the table he drew it between Beds 16 and
15, although according to this table no ammonoids were recorded
with certainty from Beds 16 or 15, only from Beds 17 and 14.
Wedekind appears to have interpreted the terms Clymenienschichten
and obere Oberdevon as synonymous. Thus on p. 573 he states
that the lower Clymenia Beds begin with dark brown limestones

. .
(Bed 14) containing §E. (§R.) biferum, numerous E!g!. ~phinus
and two poorly preserved clymeniids, which are identified in the
text (p. 615) and table as~. steinmann! (Wedekind). However,
on the opposite page (p. 572) Wedekind seems to have been unable
to accept the absence of cheiloceratids from levels within the
Cheiloceras Beds. According to the table and on p. 571 numerous

- . .
species of Cheiloceras are recorded from Bed 25. Thereafter in

the table only Cheiloceras (£h.) sacculum is recorded from Bed 22.
This is confirmed in the text (p. 584) although not in the bed-by-
bed faunal list. Beds 21 and 20 (0.92m thickness) contain no
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fauna, Eno dorsatum is known from Bed 19 (faunal list, p. 572)
although this is not confirmed by either the table or the text
(p. 579) and the next horizon with a fauna is Bed 17 containing
~. sandbergeri, .f§.. dillensis, m. dorsaturn and Dim. padbergense.
Then there is a gap of 24crnsuntil the next faunal horizon, Bed 14
in which ~. ~p..;.:h_i_no.;;.;;u_sappears. Wedekind chose the appearance
of .f§.. sandbergeri in Bed 17 to delimit the mittlere/obere Ober-
devon boundary (P. 572). However, not thirty lines of text later,
he contradicted this statement by Placing the lower boundary of
the obere Oberdevon between Beds 15 and 14.

It is possible that the problem arose because Wedekind felt
he was unable to make Bed 17, just 9cms of limestone, into a dis-
tinct division (as Drevermann and Frech had done) even though it
contained a distinctive species confined to that level. Conse-
quently he maintained a conservative scheme, including the level
in the Cheiloceras Beds (= mittlere oberdevon) and tried to retain
the equivalence of obere Oberdevon and Clymenienschichten, yet at
the same time mentioning·, almost in passing, that the mid/upper
upper Devonian boundary was to be drawn at Bed 17, leaving it to
the reader to take whichever of his contradictory statements he
preferred.

The explanation of the higher parts of the sequence is slightly
less complicated. Wedekind named Beds 14-10 (0.51m thick) as
Schichten mit Prolobites ~phinus und Clymenia involuta. In
the faunal list (P. 572) Bed 14 contains £Y.rt. involuta, ~.
steinmanni and.§R. (.§R.) biferum. In the text £Y.rt. involuta is

not recorded from this level, although E!2!. ~phinus is (p. 590)
and the table records with certainty only this species from Bed 14.
It is not clear, therefore, from Wedekind's information, whether
clymeniids appear in Bed 14, nor therefore, that Prole delphinus- _ .........,;;;,;;;;;;; ....
appears simultaneously with them. The fauna in Bed 13 is much
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more diverse, and comprises Genu. frechi, Gen. Nov. D stuckenbergi
(= lotzi Wedekind), £Y.rt. (1) phillipsi, £y'rto involuta, Plat.
(.f!.9j:.) pgmpeckii, .§.E. (.§.E.) 3Y!gustisellatum, .§.E•. (.§.E.) contiguum,
§R. (§E.) muensteri. Above this level more species of these
genera were recognised. Also Gen. Nov. D subflexuosa and ~-
glYphioceras pseudosphaericum appeared in Bed 12, and~. (Pleur.)
brevicosta appeared in Bed 11. Stenoclymenia sandbergeri is
recorded in the text and table from Beds 14 and 12, although only
from Bed 10 in the faunal list (p. 570), and five examples of £Y.ma.
costellata (MUnster) (= Var. costata Wedekind) are recorded from
Bed 11 in the table and text, though, again, not from the faunal
listo

The upper part of the sequence at Enkeberg, ranging in age
from IV to VIa, consisted of some three metres of dolomitic sand-
stone, which contained little fauna. This was divided into two
parts, Beds 9-4 and Beds 3-1, and the boundary was drawn where
Gonioclymenia appeared. Often the fossils were poorly preserved
and Wedekind's identifications can only be questionably accepted.

The table shows~. roemeri, ~. steinmanni, Genu. frechi,
..

~. costa-protracta (Wedekind~ • .!l.B.9. 1 = ~. (Trig.) pro-
tacta, Plat. (Pleur.) brevicosta and~. ~phinus were present
in Beds 9 and 80 This fauna is indicative of either III~ or
IV. The only other acceptable records are of £~. ~. and Q2n.
(Kall.) subarmata from Bed 3. The faunal list (p. 569) gives
more data and includes Cl. laevigata as low as Bed 8. No one
else has recorded platyclymeniids and £1ymenia sp. together.

Born (19121)
Born (1912a) described a section through the upper Devonian

from the Aeketal in the Harz. He used the terms 1annulata Zone
(without himself finding any~. annulata), Zone des Prole
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~phinus and Cl. involuta (1912, p. 571), and Cheiloceras schichten.
He included a 24cms thick bed containing :!:Q.m. landbergeri and__£h.
cf. circumflexum in the Cheiloceras Schichten, and drew the boundary
between this and the above zone below Bed 17 in which Cyrt.
Wedekindi entered the sequence.
higher in Bed 21.

Prolobites ~phinus entered yet

Wedekind's introduction of a zonal scheme (1913a,b, 1914, 1926)
In 1913 Wedekind (1913a) produced a zonation scheme for the

upper Devonian, introducing the notation of Roman numerals for the
six Stufen and Greek letters for their subdivisions (zones). The
Frasnian section was based on information mainly from Martenberg
bei Adorf (Wedekind 1913b) and the Cheiloceras, Prolobites and
part of the ~prolobites Stufen relied on information from Enke-
berg. Wedekind merely retabulated his 1908 data for the lower
Famennian dividing the Cheiloceras Stufe into two parts, a lower
zone, IIa with Cheiloceras spp., and an upper part, II~, with
Cheiloceras and Dimeroceras, (therefore, it is not clear whether
he considered that Sporadoceras entered in IIa or II~). The
horizon (Bed 17) containing Tornoceras sandbergeri and the Beds
with Prolobites ~phinus and £!yruenia involuta were combined to
form two zones of the Prolobites Stufe.

Only a sparse fauna was recorded from the upper parts of the
sequence at Enkeberg, so to devise zones Wedekind investigated
sections at Beil, Hovel and Dasberg near Balve, and incorporated
his data with the outline scheme of Denckmann and Lotz (1901),
which was based on collecting from localities in the same area, and
from near Bad Wildungen. At first three Stufen were defined.
The lowermost Postprolobites Stufe was the best known, and was
divided into two zones, IVa Clymenia protacta,and IV(3PostProlobites
frechi and Clymenia annulata. The other two Stufen were unnamed,



57

V was divided into three zones, the lower one was named Cl. laevi-
gata and the middle one, Cl. bisulcata. Above this no precise
information was given except to equate the terms, Stufe VI, Gonio-

clymenienkalke and Wocklumer Kalk.
By the end of 1914 three more schemes had been published,

each incorporating minor revisions. Frech (1913) included in his
catalogue of Devonian ammonoids a scheme which he acknowledged was
based on information from Wedekind 1913a, then unpublished. It

;

probably derived from a manuscript and therefore predates Wedekind's
published version because the zonal index fossils for Stufen IV
and V are different (see Textfig. 3.2) and the Gonioclymenienkalke
consists of two Stufen, VI and VII.

Wedekind's second published scheme (1913b) included a boundary
zone of £!Y.menia cf. striata between IVa and IVa, based on informa-
tion from Enkeberg and Burg and he considered that £1. laevigata
was stil1 present in the middle zone of Stufe V, now named the
Laevigata Stufe. A note indicated that IVa faunas had been coll-
ected at Beil, Cl. laevigata Zone faunas from Hovel, and Cl •
•aevigata and £1. bisulcata Zone faunas from Dasberg.

In 1914 Wedekind revised his zonal index fossils again. ~ •
.

annulata~. densicosta and~. protacta in IVa and Postpr.
frechi and Plat. valida (sensu Drevermann, D2B Phillips 1841)
in IVa, and no boundary zone between them. Stufe V was renamed
Laevigata - Gonioclymenia Stufe and divided into two zones, Va

. .
with Clymenia ~goceras and Laevigata hoevelensis and Va with

, '. " , ..
Laevigates laevigata and Q2n. tornquisti. .The uppermost zone,
identified as equivalent to the Fossley, was placed either in
V or VI, and Stufe VI was named the Wocklumeria Stufe, comprising

. '., ' '. " _. " .. . - " , ' " .. ',.
only one zone with Wock. denckmanni, ~. subarmata and~.
wocklumeri.
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Schindewolf (1916, 1921, 1923a) used Wedekind's Stufen and
zonal names. He noted (1923a) that Wedekind had used Ch. sub-
partitum and Ch. enkebergense as zonal indices for the two divisions
of the Cheiloceras Stufe (but these were not first published by
Wedekind) •

Schmidt (1921, 1924)
Working in the Warstein area Schmidt (1921) measured a complete

section through Famennian at the Provinzialsteinbruch, Drewer.
Although he gave ranges for various species he did not produce a
zonal scheme. Paeckelmann and Schmidt (in Paeckelmann 1922)
produced an alternative zonal scheme for the upper Famennian,
based on Paeckelmann's stratigraphic researches in the Elberfeld
region. Two Stufen were each divided into three zones.

Zone of Wock. sPba.eroidesand GI. glaucopis- - --
Goniocly!!!enia

Stufe

Zone of GonioclYmenia ~peciosa and Cyma-
.£!ymenia ornata

Zone of Q2n. hoevelensis and Q2n. torleyi

llityclyI!!enia
Stufe

Zone of CIYmenia annulata
Zone of CIYmenia involuta
Zone of Pseudoclymenia Sandbergeri

. .
Later Schmidt (1924) revised this scheme, adding, inter ~.

a lowermost Carboniferous Postcly.menia evoluta Zone, recognising
~. .. ,... , .". - .

a §.E. Pompeckji Zone above a Ch. curvispina Zone in the Cheiloceras
Stufe, and renaming three other zones, namely. ~. ~phaeroides

. ". ~ . '.

and GI. glaucopis became Wock. sphaeroides and GI. nucleusJ- - --. -
. ..., . "

Q2n. hoevelensis and Gon. torleyl became Gon. hoevelensis and Plat.
acuticostata; and g. involuta became E!2!. ~Phinus.

Schindewolf (1937a) divided the Wocklumeria Stufe into a
lower llSll. subarmata and.Kill. brevispina Zone, and an upper ~.
paradoxa Zone, further subdivided into an upper ~. ~phaeroides
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Subzone, and a lower Kamp. endogona Subzone.
House (1962), in a summary table correlating European Devonian

ammonoid Zones with newly introduced American Zones used a mixture
of Schmidt and Schindewolf's zonal names in abbreviated form.
Schindewolf's (1937a) Kall. subarmata Zone was used; other names

. -
were taken from Schmidt (1924).

Lange (1929)
The only other major contribution was made by Lange (1929)

who over a period of years re-excavated Wedekind's Enkeberg section,
collected from a trench through the Annulata-kalk at Beuel, and
from a sequence ranging from dolIl - V at HBvel. He produced a
new zonal scheme but although he investigated the same sections as
Wedekind it is not always easy to correlate their lithological
divisions. Since Lange,'s faunal ranges were less precise than
Wedekind's (see Textfig. 3.3) doubt has justifiably been shed on
his results (House 1970).

Lately Korn (1981a) has collected from the H8vel section and
sections nearby at Effenberg and Mussenberg, and produced a four-
fold zonation of the £!Ymenia Stufe. Walliser (Alberti et al.
1974) examined a fauna collected from a trenched section through
the Stockum Limestone. This was from a level with imitoceratids
with openly umbilicate inner whorls, near the Devonian-Carboni-
ferous boundary not present in the H8nnetal type-section and there-
fore not included in earlier zonal schemes. Its discovery has

,,,, .
made the incoming of the distinctive Gattendorfia ammonoid fauna
seem a much less clear-cut event and therefore made the actual
position of the system boundary more difficult to define in terms
of ammonoi ds , The name p'rorsum Zone has been applied to this
level (Arbei~gemeinschaft 1971).



All of these schemes are tabulated for ease of comparison in
Textfig. 3., and are discussed Stufe by Stufe below. It will be
obvious to the reader that all of the schemes were devised in

Germany, and with one exception (Schindewolf 1916, 1923a) in the
Sauerland. This is not because of a lack of well-preserved faunas
elsewhere, nor the absence of useful sections, since the section
in the Sauerland probably represents as thin a development of
Famennian ammonoid bearing limestones as anywhere else in the
world. Sequences in Poland (Dybczynski 1913, Sobolev 1914a,b)
USSR (Perna.1914, Nalivkina 1936a,b, 1953, BogOSlovskiy 1969, 1971)
North Africa (Petter 1959, 1960), Iran (Walliser 1966), China
(Chang 1958, 1960, Ruan and He 1978), and Australia (petersen 1975)
were all treated from the standpoint of taxonomic description
only, and the age ranges of the various taxa were stated only in
terms of the German Stufen rather than being used to form independent
zonal schemes. The blame for these missed opportunities can be
laid on the apparent cosmopolitan nature of the faunas and the
easily used carpet-bag nature of the taxonomic and Stufen nomen-
clature.

Cheiloceras Stufe doll
The Cheiloceras Stufe faunas of the Kirch-Gattendorf were

described by Schindewolf (1916, 1923a, p. 270) from a section ca
14m thick. IIa was characterised by the occurrence of Cheiloceras
~partitum (MUnster). He suggested (1923a, p. 271) that the
boundary between IIa and II~ was situated between Beds 4 and 5.
In Bed 4 there was an increased frequency of £h. (£b.) PQmp§ckji
(Wedekind) and Ch. (Torl.) curvispina (Sandberger and Sandberger),
and £h. (£h.) ~partitum was supposedly replaced by the thicker-
whorled Ch. (£h.) ~partitum crassurn. Schindewolf did not find
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Wedekind's lIS zonal index, Ch. enkebergense,but considered Ch.
~quisellatum and Ch. ultimum to represent similar levels since
they had similar pointed lateral lobes and differed only in shell
form, but he did not know from which bed his specimens came. In
Bed 5 Ch. (Ch.) subpartitum crassum disappeared and Ch. (St.)
pompeckji became less frequent. This was an extremely unsatisfac-
tory way to draw a zonal boundary, yet Schindewolf mentioned only
in passing (1923a, p. 272) that in Bed 5 appeared the first
Dimeroceras and Spgradoceras. In fact according to Schindewolf's
Table (p. 271) only Dim. guembeli and Paradimeroceras inflexum
were recorded with certainty and there were no unequivocal records
of §E. (§E.) biferum until Bed 8. This suggests that Dimeroceras
appeared before Sporadoceras, contrary to the observations of
Wedekind (1908) and Lange (1929), but little should be read into
this because of the paucity of the fauna from Kirch-Gattendorf.
However, a similar sequence was observed in better documented
sections reported by Teichert (1941) and Petersen (1975) from the
Canning Basin of Western Australia, particularly in a sequence
over 250' thick (1975, table 1, labelled Ta-To). Here Paratorno-
ceras, Dimeroceras spp. and Torleyoceras were recorded in the lower
half of the section (Ta-Tm) and Sporadoceras occurred in the upper
half.

Schmidt (1921, tab. III, fig. 2) described a 30m profile at
Drewer from 16 to the lower Carboniferous. The Cheiloceras Stufe
amounted to 16m of limestone from levels 24-8. At level 19 he
recorded two specimens of Ch. (£h.) Planilobum, level 18 contained
numerous examples of Ch. (Ch.) amblylobum. Maeneceras pgmpeckji
appeared at level 16, which Schmidt took as the index for lIS
and the zone was named as such in Schmidt's (1924, fig. 3) bio-
stratigraphic scheme. He did not find Cho (St.) P.2IDpeckjiin
level 8. Unfortunately he did not record Dimeroceras, nor any



tornoceratids.
Lange re-excavated Wedekind's Enkeberg section (1929) 0 He

grouped his beds corresponding (almost) to Wedekind's divisions
but did not document so precisely the measured section. There-
fore accurate comparison is not possible. Although Lange recognised
more species than Wedekind their ranges are less well defined.
Cheiloceras (Ch.) acutum was the only cheiloceratid confined to
IIa, and Lange named the zone after it. The base of II~ was
marked by the appearance of various species of SPQradoceras and
Lange separated out an uppermost division, Beds 22-21. IIy. the
Dimeroceras benneckei Zone, where various species of Dimeroceras
appeared. Notable records are. the presence in IIa:of "cf.
lmitoceras richteri". which cannot be accepted without question.
since he did not state that he had observed the internal suture
which alone permits discrimination of lmitoceras from Cheiloceras;
and the presence in IIy of Prole delphinus var. atava and insulcatao
Prolobites ~phinus had been considered by Wedekind to mark the
base of III~.

Fuhrmann (1954) also discriminated a IIy'zone (Bed 10) in a
section at Altestal (Blatt Zellerfeld, Harz) but he did not state
how he had used this term. His zone II~ (Bed 11) contained
Dimeroceras spp. including Dim. benneckei and in his 0.26m thick
Bed 10 (p. 636) §R. (§Ro) muensteri and Dim. spp. including
mammiliferum appeared.

House (1962) recognised in eastern North America £h. (Ch.)
amblylobum and Maeneceras cf. P.2mp§ckji which he interpreted as
being from the lower and upper zones of Cheiloceras Stufe. Later
House (1979) renamed the IIa zone as Cheiloceras amblylobum,
presumably because this species appears to have a world-wide
distribution and is the earliest occu~ing species of Cheiloceras
in North America. , .

Cheiloceras (Ch.) amblylobum is known from
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Germany, Montagne Noire, Belgium, Poland (Gurich 1909, Sobolev
1914a,b), USSR (Novaya Zemlya, Nalivkina 1936a,b; Urals, Cherny-
shev 1887~Perna 1914; Kazakhstan, Nalivkina 1953), China
(Ruan 1978), North Africa (Petter 1959, 1960) and Australia
(Glenister and Klapper 1966, Petersen 1975). Therefore it may be
more suitable for use as an index fossil and perhaps can be used
to define the Frasnian-Famennian boundary in terms of the ammonoid
biostratigraphy. If it can be shown that Cheiloceras curvispina
appears late in the Cheiloceras curvispina Zone, or that the
Cheiloceras Stufe can be subdivided on the basis of other species
of cheiloceratid, such as Ch. (£b.) amblylobum, then various

"levels could be drawn within IIa.resulting in the abandonment of
the Cheiloceras curvispina Zone, or in its more precise definition.
It is better, however, to retain the name Cheiloceras (TorI.)
curvispina for the division of the Cheiloceras Stufe before the
appearance of sporadoceratids, until such time as the faunas of
the Cheiloceras Stufe are better documented. The occurrence of
one Cheiloceras bearing level in the Famennian of eastern North
America seems insufficient grounds to rename the lower zone of the
Cheiloceras Stufe, although there can be no objection to its use
within the context of the eastern North American succession.

Mention should also be made (see also Chapter 6) of the appar-
ent presence of three species described as belonging to Mantico-
ceras, in the Cheiloceras Stufel M. superstes (Wedekind) and M.- - -
nehdense Lange, the former found at Kirch-Gattendorf (Schindewolf
1923a) and both found at Nehden, and M. niedzwiedzkii (DybczynSki)
from Kielce (Holy Cross Mountains, Poland). These three species
may in fact be synonymous and are all based on few specimenso
It is considered that these species are members of the Tornocera-
tidae, and that the Gephuroceratina do not, on this evidence at
least, extend to the Famennian (contra House 1979). (See Chapter
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6, for a more lengthy discussion of these three species).

Platyclymenia Stufe doIII-IV
This name was first used explicitly by Lange (1929, p. 3) for

the amalgamation of Wedekind's Prolobites and Postprolobites Stufen,
because he had been unable to recognise these as major faunal divi-
sions. Schindewolf (1923a, p. 284) had been unable to demonstrate
at Kirch~attendorf Wedekind's twofold division of the Post-
prolobites Stufe and reported Postpro. yakowlevi Wedekind from the
lower part and~. protacta from the upper part. These were
Wedekind's index fossils for the upper and lower zones of the
~prolobites Stufe, respectively. Schmidt (1924, textfig. 3)
amalgamated Wedekind's Stufen III and IV and divided it into
three zonesl a, 1!§. Sandbergeri, a, Prole delphinus and y Plat.
annulata.

Miller (1938) reported that Schindewolf intended to renumber
the German Upper Devonian Stufen so that the Prolobites-Platy-

. ..
£!Y.menia Stufe became III, Laevigates~onioclymenia IV, Wocklumeria
V and Gattendorfia VI. This revised scheme was never used again
and now Wedekind's numerical scheme is well entrenched in the
German literature, even though II refers to a Stufe and IV to a
zoneO Clearly it is preferable to refer to the ammonoid bio-
stratigraphic zonation of the Upper Devonian in terms of clearly
defined zones and subzones, and until this is achieved the old
nomenclature will persist.

The problems Wedekind (1908) encountered in delimiting the
boundary between the middle and upper Upper Devonian have already
been discussed (see above). The issue was clarified when he
(Wedekind 1913a) divided the former obere Oberdevon into four
Stufen and abandoned the term. The Prolobites Stufe was divided
into two zones, the lower Tornoceras Sandbergeri Zone (IlIa),
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and the upper zone with Prolobites delphinus and f!ymenia involuta,
and this scheme has remained essentially unchanged (Frech 1913,
Wedekind 1913b, 1914, 1926).

Schindewolf (1921, 1923a) considered that Prolobites delPhi-
~ was the most important indicator for III~. He assigned
3.6m of limestone at Kirch-Gattendorf (Beds 9-12) to the Prolobites
Stufe. Bed 9, a unit 1.2m thick, contained E§. pseudogoniatites
and other species of this genus, and~. ~yseri (Drevermann),
gyrt. pulcherrima (Wedekind) and Genu. frechio Sulcoclymenia
entered in Bed 9 and PlatY£!Ymenia, Stenoclymenia and Trigono-
£!Ymenia in Bed 11. Unable to collect Prolobites, and finding
only one specimen of £Y,rto involuta, in Bed 11, he put Bed 9 in
IIItt and Beds 10-12 in III~, drawing the boundary at Bed 10,
where Pseudoclymenia disappeared from the record, rather than in
Bed 11 where £Y.rt. involuta first appeared, or within Bed 10,
where other clymeniids were present.

Lange (1929, p. 15) also recorded clymeniids from IIItt.
The evidence for this was that in 1906 during an excursion to
Enkeberg led by von Koenen he had collected a piece of limestone
containing R§. pseudogoniatites (and therefore, he said, it

. '. . . ,., .
presumably came from Bed 17) and Pn. dorsatum, and from the same
piece of limestone von Koenen had broken off a sample which was
now in the G8ttingen Museum and contained the species ~.
~yseri. This evidence is indeed thin and unacceptable, but
Lange renamed the IlIa zone as ~y~enia ~yseri (1929, p. 3).

Schindewolf,'s (1923a) record of clymeniids and Pseudoclymenia
in the same bed can be explained by the 1.2m thickness of his
unit Bed 9. Fuhrmann (1954, p. 642) recorded at Aeketal ~.
~yseri, Ps. pseudogoniatites and §poradoceras muensteri from his
1m thick Bed 5 and considered this as IlIa. However, since he
did not specify that these ammonoids came from the same level
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within Bed 5 the conclusion that clymeniids occur in IlIa is not
justified.

Lange recorded Prolobites delphinus tardesulcata Lange and
£!:.Q.!. delPhinus striatus Lange from IlIa, and he also found Prole
delphinus atava and E!21. ~Phinus insulcata Lange in his IIy
zone. Therefore he could not use ~. ~phinus as the index
for the base of IllS, and he renamed this as the Rectoclymenia
subflexuosa and Cyrtoclymenia involuta Zone, the latter species
being the most common clymeniid within it.

Wedekind divided the Postprolobites Stufe into two parts yet
in none of his schemes (Wedekind 1913a,b, 1914, 1926; Frech 1913)
did he use the same zonal indices. He exPlained the divisions
(1914, p. 8), giving faunal lists for the two zones. On Enkeberg
he encountered three species which he considered to be from zone
IVai ~. (Trig.) protacta, Plat. (Plat.) annulata and Plat.
(Plat.) annulata densicosta, (more are listed in his earlier report,
1908, p. 569, and by Lange (1929, p. 20». Above this level
(Beds 9 and 8) very few ammonoids were found. The upper zone
IV~, was encountered, therefore, not at Enkeberg but at Beil
"beneath the Laevigatakalk" (Wedekind 1914, p. 8) and the rich
fauna, from a section which has not been accurately documented,

.. "

included many species of PlatYClYIDenia and Postprolobites, hence
the use of species of these genera as zonal indices.

Schindewolf (1923a, p. 284) considered the two zones to be
indistinguishable. Lange (1929, p. 20) recorded Trig. protacta,
Wedekind's IVa index from what he considered as IllS. Lange used
the annulata Zone as a synonym of the Postprolobites Stufe which
he renamed the Prionoceras divisum Unterstufe, since he recognised
~prolobites Wedekind to be a junior subjective synonym of
Prionoceras Hyatt.

Practically no other biostratigraphic information is available
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for a discussion of the Platycl~enia Stufe even though rich faunas
are known from elsewhere in the world and have been well illustrat-
ed (North Africa, Petter 1959,1960; Russia. Urals, Perna 1914,
Kazakhstan, Nalivkina 1953; Iran, Walliser 1966; North America
Montana, Raymond 1909). In the late 1920's Schindewolf dug a
trench through this level near Bad Wildungen where he had earlier
(1921) confirmed Wedekind's bipartite division of IV, although he
never described 'the faunas. In Thuringia Muller (1956) described
faunas from near Schleiz and Brlugge (1973) extended his Alte
Heerstrasse section up through the IV/V boundary. However, this
interval remains poorly known (as are the faunas around the
Frasnian/Famennian boundary) and faunas such as those described
from Geuser by MUnster 150 years ago can still not be incorporated
into the biostratigraphic scheme.

Clymenia Stufe doV
Wedekind's early attempts to divide what were to be known

later as the £!Y.menia and Wocklumeria Stufen met with little
success, simply because this part of the succession at Enkeberg
(Beds 9-1) was comparatively lacking in fauna. Subsequently he
investigated sequences at Hovel, Dasberg, Burg and Borke-Wehr
(Wocklum), all near Balve, but never published detailed sections
of any localities.

When Wedekind established the Laevigata Stufe (Frech 1913)
. . . . . . .. .

he divided it into three zonesl £!Ymenia laevigata, Clymenia cf.
undulata, and an unnamed zone, succeeded by the Gonioclymenienkalke
(Stufen VI and VII) comprising the Fossley and the Wocklumer Kalk.

'- .... " .....
In later schemes (Wedekind 1913a) £!Ymenia laevigata was retained
as the index with ~enia 'l'~~~ig~~ and 'b'i'~~lc~ta(1913a) and
then Cl. bisulcata alone (1913b),. for the middle zone. The
upper zone remained unnamed but the Fossley was included in it
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(1913a,b) and the Gonioclymenienkalke was renumbered as Stufe VI.
Another scheme for the renamed Laevigata-Gonioclymenia Stufe was
proposed in 1914 (Wedekind 1914). A lower zone Va, was charac-
terised by Clymenia aegoceras and Laevigites hoevelensis Wedekind,
and an upper zone V~, by Laevigites laevigata (MUnster) and Gonio-
£!Ymenia tornquisti Wedekind. This scheme was retained in 1926
(Wedekind 1926).

The section published by Schindewolf at Kirch-Gattendorf
(1923a) was the first to give bed-by-bed details of faunas from
this level. In the Laevigites Stufe he recognised a lower zone,
Va, (Beds 15-17), with Laevigites hoevelensis and an upper zone, V~,

"(Beds 17-18), with Laevigites laevigata, confirming Wedekind's
scheme. Besides the incoming of CIYmenia in this Stufe, he also

"noted the appearance of KosmoclYmenia and Imitoceras.
Schmidt (1924) described the sequence across the Devonian-

Carboniferous boundary in the Balve area. He introduced (1924,
p. 108) a new threefold division, a, ~, y, for the uppermost part
of the Devonian, the Dasberg Schichten. These zones were charac-
terised by GonioclYmenia hoevelensis and Platyclymenia ~cuticostata,

.,

GonioclYmenia §peciosa and ~aclymenia ornata, and Wocklumeria
§p'~eroides and Glatziella nucleus Schmidt. This latter zone has
been treated by all subsequent authors as the Wocklumeria Stufe.

Lange, working in the same area, at the same time as Schmidt,
devised another scheme for his Orthoclymenia Stufe (1929, po 5 & 26),
using a profile through a quarry at Melschede (= H~vel of Wedekind
1914, and Ballberg of Ziegler 1962). He felt unable to accept
Wedekind's distinction between £!Y.!!!enialaevigata and go hoevel-
ensis, and considered them as one species. A lower, Va, Costa-
clymenia binodosa and Sellaclymenia torleyi Zone was added to
Schmidt's two Gonioclymenia Zones, renumbered Vb and Vc, though
Lange felt uncertain about recognising the upper ~peciosa Zone.
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I have been unable to match Lange's published section with the
outcrop at Hovel. Schindewolf used a series of names for v

but did not add any biostratigraphic information. Orthoclymenia-
Gonioclymenia (reported by Miller 1938), ~cl~enia - Goniocl~enia
(Schindewolf 1952) and finally (1957) Clymenia Stufe.

Recently Kom (l981a) has collected from the quarry section
at Havel, and from other sections nearby at Mussenberg and Effen-
berg, and proposed four zones. Kosmoclymenia ~~ntina, progonio-

acuticostata, Piriclymenia piriformis and Omatocl~enia
ornata. He gave no details of faunal ranges, nor measured sectionso

Wocklumeria Stufe doVI
Wedekind (1914, p. 10) recognised only one zone at this level,

..
characterised by Wocklumeria denckmanni (Wedekind), Kalloclymenia
subarmata (MUnster) and ~clymenia Wocklumeri Wedekind. He gave
only cursory account of these faunas from Burg, near Balve.

Schindewolf's (1916) study of the profile at Kirch-Gattendorf
...

included a division of the Wocklumeria Stufe. A lower VIa ~-
. . .

lumeria sp, nov. Zone, and an upper VIa Wocklumeria Denckmanni
Zone were recognised. However, Schindewolf did not actually
find Wocklumeria and he later modified his scheme (Schindewolf
1923a) • He included Bed 22 (with a fauna of Kosmoclymenia, S~-
£!Y1!!enia,Cymaclymenia and .£yrtoclymenia) and Bed 21 (with a
fauna of lmitoceras and Gattendorfia) in a new division, the
Gattendorfia Stufe (VI), and presumed that above this came the
Wocklumeria Stufe (VII), which was absent. Therefore it seems
that Wocklurneria sp. nov. Schindewolf 1916 was later recognised
by Schindewolf as Gattendorfia subinvoluta, and used to name a new
Stufeo

Schmidt (1924, p. 169) pointed out that Schindewolf had invert-
ed Stufen VI and VII, and thus he revised his stratigraphy accord-
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ing1y (Schindewo1f 1926, p. 94). Schmidt (1924) drew the base
of the Carboniferous at the base of the Hangenberg Schiefer.
Schindewolf (1926) placed the base of the Carboniferous above
the Gattendorfia Stufe, but later lowered it (Jongmans and Gothan
1937) to the base of the Gattendorfia Stufe, that is to the base
of the Hangenbergkalk above the Hangenberg Schiefer at Oberr8ding-
hausen.

Schindewo1f (1937a) produced an extremely detailed study of
the Wocklumeria Stufe faunas, principally from the railway-cutting
at Oberr8dinghausen near Menden, and established a series of new
zones and subzones based on the precisely charted ranges of many
species (1937a, p. 27-29). The Parawocklumeria paradoxa and
and KamptoclYmenia endogona Subzones were both recognised by
Selwood (1960) at Launceston in Cornwall.

The base of the Wocklumeria Stufe has not been clearly defined.
Schindewolf named his lower Wocklumeria Stufe division as the
KalloclYIDenia subarmata and brevispina Zone, although he did not
identify the former species from the Oberr8dinghausen section. A
likely explanation of this is the poorly known nature of this
species. The boundary between Stufen V and VI appears to have
been drawn by Schindewolf between Beds 22 and 23 on the basis of a
possible occurrence of Kall. brevispina in Bed 22.- - However,
many authors (e.g. Eickhoff 1973) have taken the base of Schinde-
wolf's (1937a) section, i.e. the base of Bed 23, as the base of
the Wocklumeria Stufe.

It is possible that ssa- (Ka1l.)subarmata occurs in the £!Y.!!!enia
Stufe. Certainly the subgenus Qgn.{Kal1oclYillenia)has been
found in association with other ammonoids of that age at Landlake,
Cornwall (~. insignis Phillips; Selwood 1960), H5vel (~.
dasbergensis and crassa, Wedekind 1914, p. 9), and Bei1 (see
Goniocl~enia (KalloClYillenia),Chapter 5).



71

The lower Hangenbergschiefer at Oberr6dinghausen and Drewer
contains ~a. evoluta, Kosmo. wocklumeri and Gon. (Kall.) ~-
lumensis (Schindewolf 1937a) but above this only species of
Imitoceras and Acutimitoceras occur until the incoming of the
Gattendorfia Stufe faunas in the Hangenbergkalk. .The Stockum
Limestone, occurring locally as thin limestone lenses in the
upper Hangenbergschiefer of the Balve area, but unfortunately not
in the Oberradinghausen section, contains a distinctive protognath-
odus conodont fauna (Koch et alo 1970; Alberti et~. 1974)
and goniatite fauna which includes Acutimitoceras prorsum and
Acut. carinatum. Acutimitoceras prorsum prorsum has early whorls.............
which are openly umbilicate, an umbilical lobe which is centred
outside the umbilical seam and biconvex growth-lines, and thus
is considered as transitional between Imitoceras and Gattendorfiao
In short there has been argument over whether this fauna has
greater affinity with the Carboniferous than the Devonian, and
similar arguments exist for transitional taxa in other fossil
groups. The name prorsum Zone has been applied to this level
(Arbeibgemeinschaft 1971). House (1979) used Prionoceras spp.
instead. Korn (1981b) described a similar fauna from Mttssenberg.

Rationalisation of zonal names

The reader who believes he has followed everything in this
account so far deserves credit. It should be evident however,
that some standardisation in the use of zonal names is desirable.
The practice of recognising the priority of specific zonal names
has long been in operation in the Mesozoic systems (e.g. Arkell
1946) and this will be done here. Unfortunately German strati-
graphers do not operate in this way, especially those who were
responsible for devising the conodont zonation, with which the



ammonoid zonal scheme is most often compared and correlated.
Zones will be listed in chronological order, starting from

the base of the Famennian. Problems arise for those zones for
which some doubt exists ·over the validity or usage of the index.
particularly sandbergeri, annulata and euryomphala.

curvispina Zone IIa
This was first used as a zonal name by Frech (1902), and was

applied to faunas collected at Nehden and to 20m (Bed 6) of a
continuous section at La Serre, cabrisre~H~rault. The zone was
characterised at Nehden by the overwhelming predominance of species
of Cheiloceras (1000 examples), compared with only "two ~P.hyo-
ceras, four ,§poradoceras and two Aganides"o These latter specimens
are considered to have been misidentified, especially the Aganides
(= lmitoceras), which was illustrated in Pl. IV(III), fig. 16a,
where it clearly lacks the extra internal lobe which would dis-
tinguish it from Cheiloceras.

The zonal index is Torleyoceras curvispina and the zone
corresponds to the range of Cheiloceras before the entry of Maene-
ceras or Spgradoceras. Schindewolf,'s (1916) §.1!!2partiturnZone is

considered as synonymous. It was established in Oberfranken, in
a ?different faunal province and may deserve local usage there.
The same comment can be apPlied to the amblyloburn Z'one (House 1962),
used for a level in the Gowanda Shale, New York State.

No formal subzones have been used within the curvispina Zone.
However, certain faunal levels are widely recognisable, and these
may ultimately deserve subzonal status. They are discussed below.

PQmpeckji Zone II~
The name holding priority for a zone above the curvispina

Zone is Schindewolf's (1916) enkebergense Zone. This is not used
here because it was established in Oberfranken rather than in the
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Rheinische Schiefergebirge. Schindewolf (1923) considered that
its base was marked by the appearance of £b. (£h.) ~partitum
crassum, which has an only slightly different whorl section from
.£11. (Ch.) sub~rtitum ~partitum. Therefore Schmidt's pompeckji
Zone is used.

This was first recognised at Drewer, by the entry of Maeneceras
This level has also been recognised at Enkeberg

(1908) where the entry of index is accompanied by §R. (§R.) biferum
and clarkei, and in New York State (House 1962). For this study
at Beil only §E. (§E.) biferum was recorded (See Chapter 7), and
this may prove a more useful means of defining the base of the
zone, although Schmidt (1924, p. 109) believed that the entry of
biferum succeeded PQmpeckji (1921, taf. III). He placed it in

IlIa, but this date is questionable since he did not record Pseudo-
£!Y.menia at Drewer.

sandbergeri Zone IlIa
This name was first used by Frech (1902) but was not clearly

defined until Frech (1913) or Wedekind (1913a) introduced the over-
lying delphinus Zone. Then it became clear that it was character-
ised by the appearance of Pseudoclyroenia. No section was associated
with the recognition of this zone, except by implication, Enkeberg,
which was the only place where it had been recorded in situ
(Wedekind 1908).

The taxonomic status of the index Gon. sandbergeri has not been- -
made clear before. It was first used by GUmbel (1862, p. 289)
who credited Beyrich with authorship. No precise reference was
cited, but Beyrich (1859) had drawn attention to the fact that
£1. pseudogoniatites Sandberger 1853 was a true goniatite, and
thus had an inappropriate name. Therefore sandbergeri GUmbel
can be interpreted as an invalid replacement for pseudogoniatites,
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but nowhere in GUmbel's account was this eXPlicitly stated. It
has been widely interpreted by reference to Frech's (1902, pl.
III(II), fig. 18) illustration. GUmbel (1862), Kayser (1873)
and Drevermann (1901) had illustrated only the suture, sUfficient
only to identify pseudoclymenia.

It is desirable that this zone should be renamed, in which
case Schindewolf's (1921) drevermanni Zone is available. This
specific name is an invalid replacement for dillensis Drevermann
1901, which should, therefore, be used instead. pseudoclymenia
dillensis appears to be a useful marker for this zone, whatever
its name. No subdivision within this zone has been proposed,
although the earliest clymeniid occurs here.

~phinus Zone IllS

This name was first used by Schmidt (1924) as a contraction
of Frech's (1913) ~. ~phinus and Cl. involuta Zone. The
index is Prolobites ~phinus and in this account its range has
been interpreted by reference to Wedekind's (1908) section at
Enkeberg. Here the base of the zone seems clearly defined by the
entry of the index. . Other authors have found this to be a less
clear-cut event (see below).

annulata Zone IV
This name was first used by Denckmann and Lotz (1901), re-

ferring specifically to an outcrop in a quarry at Beil. Wedekind
(1913a-1926) had several attempts at subdividing this zone.
Schmidt (192~) and Lange (1929) did not believe that there was
sufficient evidence to do this. None of Wedekind's subzones is
considered to be practically applicable here.

The identity of the index species annulata MUnster is discussed
below, in Chapter 5. The conclusion reached is that it has been
interpreted sensu richteriWedekind. Hence this species is used
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as the marker for the base of the annulata Zone.

£!ymenia Stufe V
The division between this and the underlying annulata Zone

has long been recognised by the entry of the first complex sutured
clymeniids, namely. GOnioclymenia, Costaclymenia and Kosmoclymenia.
Wedekind chose as zonal indices for his lower and upper divisions
of the £!Y.menia Stufe hoevelensis and laevigata, two species of
Clymenia. They were recognised as subjective synonyms by Lange,
and that opinion is confirmed below (see Chapter 5). Furthermore
collection at H6vel indicates that ~enia laevigata is confined
to the middle of the ~enia Stufe. Consequently it is proposed
that Wedekind's zonal names be abandoned.

priority devolves upon names introduced by Schmidt (1924).
He used a lower division of Q2n. hoevelensis and~. acuticostata
and an upper division of QQn. §peciosa and £Y;ma. ornata, observed
on and near Dasberg. Species of Gonioclymenia are rare, poorly
defined, and being highly ornate would seem prone to high specific
variability. It may prove inappropriate to use the Gonioclymenia
species as zonal names, in which case those species named secondly
by Schmidt deserve priority.

Lange (1929) introduced a binodosa Zone, lowermost in the
Korn (1981a) introduced a fourfold zonation of

the £ly.menia Stufe, using in part Schmidt's names acuticostata and
ornata. . .

The section at HBvel in which Lange defined his binodosa
Zone cannot be related to the outcrop visible today (see Chapter 7).
Korn's (1981a) zonal scheme was not accompanied by any details of
in situ collecting, but was based on observations at Havel, Effen-
berg and Dasberg.

hoevelensis Zone Va

This zone was introduced by Schmidt (1924) and has ~o (Gon.)



hoevelensis as its index. The base is undefined. Korn recognised
two levels within the zone, which he named ~pentina Zone and
acuticostata Zone, based, by implication, on the appearance of
these two species. It is argued in the systematic section
(Chapter 5) that the species acuticostata MUnster has been wrongly
interpreted in the Rheinische Schiefergebirge. Examples from
there are better referred to the species ~goceras Wedekind,
which would serve as the marker for the acuticostata Zone.

speciosa Zone V~
This zone was introduced by Schmidt (1924) and has as its

index ocn, (§£n.) §peciosa. Its limits are undefined. Korn
recognised two zones within it, named ornata and piriformis,
but these, if used, would be better treated as subzones. The
indices are rare and have an homeomorphic shell form and are diffi-
cult to distinguish without view of the suture. Adequate means
of recognising these two divisions were not proposed.

Wocklumeria Stufe VI
Faunal horizons within this Stufe are clearly defined, thanks

to the precise documentation of Schindewolf (1937a). However,
the boundaries with the adjoining Stufen were not clearly stated.
Schindewolf util.ised two zonal.names I a l.owerKal.l..subarmata
and brevispina Zone, and an upper~. paradoxa Zone. Kall.o-
~Y.menia subarmata is considered inappropriate as an index because
it is not cl.early distinguishabl.e from other species of Gon.
(Kall.oclymenia) §.§., and may range down into the ClYIDenia Stufe.
Hence the more distinctive figB. (Subgen. Novo b) brevispina is
preferred. Usage of a paradoxa Zone, including a §phaeroides
Subzone seems synonymous, at l.eastin part, with Paeckelmann and
Schmidt's (in Paeckelmann 1922) ~. §phaeroides and Glatz.
glaucopis Zone. Therefore it should be abandoned in favour of



,... ...
I I

the prior ~phaeroides Zone.

brevispina Zone
This zone was first used by Schindewolf (1937a). The index

is QQB. (Subgen. Nov. A) brevispina Langeo The base is recognised
by the entry of the index, and this was recorded by Schindewolf
at Bed 22 in the Oberr8dinghausen railway-cutting section. No
subdivisions have been proposed for this zone.

§phaeroides Zone
This name was first used by Paeckelmann and Schmidt (in

Paeckelmann 1922), presumably using evidence from their work at
Dasberg and in the H8nnetal (Schmidt 1924). The index is Wock.
§phaeroides, the occurrence of which is restricted to the middle,
§phaeroides Subzone.

Three divisions are recognised. The lowest is the endogona
Subzone. The index for this is .K2mpt. ~gona and the base of
the subzone is defined by the entry of ~o paradoxa, recognised
at Bed 10 in Schindewolf's (1937a) Oberr8dinghausen section.

The name §phaeroides as a subzone was applied by Schindewolf
(1937a) • Its base was defined by the entry of the index in Bed 4
at Oberr8dinghausen.

Schindewolf did not give a name for his uppermost faunal
division at Oberr8dinghausen. This was termed the "Schichten mit
£Y.ma. euryomphala'~ and was applied to the Hangenberg Schiefer. The
first explicit use as a zone occurs in Arbeitsgemeinschaft (1971)
where it appears in a table, and is correlated with the lower part
of the Hangenberg Schiefer. House (1978) has given this name
zonal status, but it is treated here as a subzone, The name
euryomphala is newly recognised here (Chapter 5) as an invalid
replacement for evoluta Schmidt, after which this subzone should
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prorsum Zone
This name was first used in Arbeitsgemeinschaft (1971), but

was not clearly defined. The index, and associated species of
Acutimitoceras, are well known from an horizon known as the Stockurn
Limestone, recognised at two localities in the Sauerland, but not
in the Oberr8dinghausen sectiono The index is Acutirnitoceras
prorsum prorsum, the appearance of which defines its base. The
zone is characterised by a fauna of Acutimitoceras spp. and lacks
clymeniids. Co-occurring is a conodont fauna known as the upper
protQgnathodus fauna (see Chapter 6). Currently this is believed
(Alberti et al. 1974) to lie within the sulcata (conodont) Zone
and thus to be Carboniferous in age, but this question is not
finally resolved.

The prorsurn Zone is a very short interval, and once it is

placed either in the Carboniferous or Devonian, it should be in-
corporated as a subzone within either the subinvoluta or sphaeroides
Zones. The base of the subinvoluta Zone (and its lower acuturn
Subzone) is currently defined by the entry of ~. subinvoluta,
recognised in Bed 6 of v8hringer's (1960) Oberr8dinghausen section.
Recently Walliser (in Paproth and Streel 1982, p. 34,36) has
drawn attention to a unit below V8hringer's measured section, and
has suggested that the basal 10ems of Bed 6 lacks Gatt. subinvoluta,
although he did not state which goniatites were present.

Faunal levels recognised within ~ Famennian

The faunal ranges presented here (Textfigs. 7.11,17), when
taken in conjunction with the data of Wedekind (1908, Textfig. 3,3),
Schmidt (1921) and Schindewolf (1937a) allow some 23 faunal levels
to be recognised within the Famennian (Textfig. 3.4). This is



2 1314 5 1617 8 9 10 11 1213 14 15 16 17 18 19 20 21 22123
t---1r--,.--;' !
-~--

Gen. Nov. sp. nov. aff. [alea~

Ch. ambl icl obum

en. c i rcumfl exum

en. pomp<!ekji

Ch. aClA.tw,:

cs. (st. ) SQCC"Zwn

-r----
r--r-- --
r--r--

r------
---
',---
---
r--

Tad. oI'llaca>ltha
Tor l . cJ.T'Vispina
Paratol'Z, wnbil icatwn
Pal'atorr;. Lerit if'orme
Gen. Nov. aff. Dim. spp.
Maan. pompeckij i

Sp. (Sp.) bi[erum
Dim. spp.

Ps. di l lenei s
Gen. Nov. D kayseri

Gen. Nov. f stuckenbargi

Cllrt. invoZuta
Sp. (Sp.) muensteri

Sp. (Sp.) posthumum
Sp. (Sp.) inf1eX4m
Pro l . delphinl.48
Plat. (Plat) po~~eckii

Plat. lPl at:«} qz.e~lstedti

Flat. (Piai i ) ricilt.J1i
Flat. (PZ.;lt.) inrracostuta
PI-at. (Trig.) spinosa

Car. beualansis

. "r---
'-r--
r-- ---I-I"-

r-- '.
r---
r--
- r--r-
- r-r-

I--

t-
, r-
I--

I--

I--

t-
r-I"-Prot. sp.

Prot. serpentina

End. tcoet : ) kiZiani
Proq • (Prog.) aeqoc erae

CZ. l.aevigata .

Gon. (Gon.) epp •

Kosmo. 8l.4bundl.41.ata

Gon. tKal l , ) epp : --~
Kosmo , in:lcquistriata

01'11. ornata
hosmo • .:![jenb':T'iJensis
Pin. piriformis .
Gon. (Subgen. Nov. A) brevispina
Kosmo. undulata
Gon. (ha Z Z. ) 8l.4barrnQta '
Imit. ~Qdripartitkm

Glat21ieZla ep :

Kosmo. woekZumeri

-
-r--
"t--r--

-i-

Paro. pQ1'<ldoxa

Woek. sphue1'Oides
Cyma. evoZ"ta
Acn.t. p1'Orsum

Gatt. s"binvol" ta

, r-I"-
t- _.

,..._

Textfig. 3.4 Range chart showing the 23 faunal levels recognised in the Fan.enn f an .

Based mainly on Texttigs. 3.3, 7.11, 7.17 IUldScbindewolf 1937&.
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seen as a first step to erecting subzones.

curvispina Zone Levels 1-75
The best evidence for level 1 comes from the Montagne Noire

where recent work by myself and M.R. House has shown that a dis-
tinctive ribbed tornoceratid (Geno Nov. sp. nov. aff. falcata
Frech) enters the record after the last occurrence of a mantico-
ceratid, and before the appearance of Cheiloceraso This species
has also been recorded from Guadalmez (Spain, Groth 1914), Thurin-
gia (Zimmerman 1893), Brittany (Frech 1897) and Nehden (Frech 1897).

Level 2 is marked by the entry of Cheiloceras. First the
simple-sutured species Ch. ~partitum amblylobum, planilobum
verneuili, acutum appear. This level was not recognised in situ
at Beil, and has been observed only at Nehden, and in the Montagne
Noireo

In Level 3 the more complex-sutured cheiloceratids ~.
-curvispina, o2Yacantha and Paratorleyoceras umbilicatum appear.

These have an extra internal lobe. Both the section at Beil, and
Wedekind's (1908) data commence at this level.

The entry of Paratornoceras lentiforme, a distinctive oxy-
conic goniatite, marks Level 4. This horizon has been reported
from Enkeberg (Wedekind 1908), Holy Cross Mountains (Sobolev
1914a,b), n. Urals (Nalivkina 1936b) and is newly recorded here
from the Montagne Noire. Unfortunately this species was not
collected in ~ at Beil, where the relevant part of the section
coincides with the gap in the trench exposure (Textfig. 7.21).

Gen. Nov. aff. Dimeroceras was recorded from Beil in Bed 14,
and marks Level 5. This taxon is distinguished from Dimeroceras
by the presence of a lobe centred near to the umbilical seam,
rather than near the mid-flank. It has also been recognised in
the Canning Basin, where Petersen (1975) dated his specimens as



from the overlying pompeckji Zone. Sporadoceras primaevum and
lmitoceras sp., reported from the North West Territories by House
and Pedder (1963), probably both belong in this genus.

pompeckji Zone Levels 6,7
Level 6 is recognised by the incoming of 2PQradoceras,

although which species serves best as a marker for the base is
still not certain (see above).

Wedekind (1908) recorded the appearance of Dimeroceras after
~PQradoceras (Textfig. 3.3), and this may mark an upper division
of the pompeckji Zone, Level 7. The formal name, benneckei,
from Lange (1929), is available for this. No faunas were collected
from this level at Beil.

dillensis Zone Level 8
Level 8 is already widely recognised as the horizon where

pseudocl~enia appearso

~phinus Zone Levels 9-11
Details of subdivisions within this zone have already been

given. Level 9 is marked by the incoming of clymeniidsJ Gen.
Nov. D stuckenbergi and ~y'seri seem to be the earliest widely
recorded species. The former appears in Bed 42 at Beil, and
both Schindewolf (1923) and Lange (1929) reported the latter from
around this levelo Level 10 is marked by the appearance of
Prole delphinus. Sporadoceras (SPQradoceras) muensteri and Cyrt.
involuta are two common species characterising this level.
PlatyclYIDenia enters the record in Level 11.

annulata Zone Levels 12-14
Three faunal levels within the annulata Zone were all recog-

nisable at Beil.
. .

PlatYS1Y.menia (~.) richteri and other
strongly ornamented forms all appear in Level 12. The distinctive
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species~. (Trig.) §Pinosa and Carinoclymenia beuelensis mark
Level 13 and Protoxyclymenia appears in Level 14.

Further evidence for Level 14 comes in the section at Hovel
(see Chapter 7), and in faunas collected at W~schholz, where
AktuboclYmenia also occurs.

CIYmenia Stufe Levels 15-18
Korn (1981a) named four zones within this Stufe, and four

faunal levels are recognised. However, the two schemes cannot
be correlated since Korn gave no details of faunal ranges, except
for species of CYmaclymeniao

The lowest Level, 15, has a fauna including ~ ~pentina
and~. (~.) kiliani, although neither was recognised in this
study at Hovel. Level 16 contains a fauna including KOSIDO.
subundulata, .f!:.2g.(.f!:.2go)~goceras, £Y.ma. costellata, Qfm. (Gon.)
hoevelensis and Cl. laevigata, all of which enter the record here.
The upper two levels, 17,18, corresponding to the §peciosa Zone,
are distinguished by the species Kosmoclymenia they contain,
inaequistriata in 1~ and effenbergensis (Korn and Price in prep.)
in 18.

Wocklumeria Stufe Levels 19-23
The ranges of species within this Stufe are well known

(Schindewolf 1937a). Level 19 corresponds to Schindewolf's
subarmata Zone, although the appearance of §Qn. (Subgen. Nov. A)

brevispina is used to mark the base. The entry of Glatziella in
the middle of the level could be used to make a further subdivision.
Parawocklumeria paradoxa marks Level 20, and Wocklumeria §phaer-
aides Level 21. These are both easily recognisable widely
occurring species. Level 22, marked by £yma. evoluta, is charac-
terised more by the absence of taxa, than the appearance of new
forms. Schindewolf (1937a) considered there to be four or five



clymeniids in the early part of the level (= lower Hangenberg
Schiefer) but only evoluta occurs in the upper part. In Level 23
there are only species of Acutimitoceras. Interestingly Imito-
ceras,known from above and below, has not been recorded here.



Chapter 4

Classification, phylogeny and evolution of the Clymeniida



81

Early Classification of the Clymeniida

Early classification schemes 1 MUnster, von Buch and Sandberger

In modern times (i.e. post-Schindewolf 1923b) classification
schemes dealing with ~e Clymeniida have been published by the
following authors 1 BogoSlovSkiy (1955, 1975, 1979b,' 1981),
Delepine, (1952), Korn( 1981a), Miller (1938), Miller and Furnish
(1954), Rtizhencev (1957, 1960, 1962), Schindewolf (1924, 1928,
1937a, 1939, 1949a, 1955, 1957, 1972). Reviews of the development
of the classification of the Clymeniida have been published
by Bogoslovskiy (1981), and Schindewolf (1949a).

Early attempts to classify this diverse group of cephalopods,
united by the presence of a dorsally situated siphuncle (Textfig.
4.2b), were based on the morphology of the septa. MUnster
(1832) made two divisions of the genus Planulites (renamed
Clymenia in 1834)1 a group with weakly curved and rounded
lateral lobes (comprising the species'laeviaatus, Eygmeus,
angustiseptatus, compressus an~ inflatus), and another group with
pointed lobes and rounded saddles (comprising the species
planorbiformis, undulatus, sublaevis, inaequistriatus, linearis,
parvulus, serpentinus and Striatus). Further discoveries
(MUnster 1839) of species of C1ymenia meant that this classification
scheme had to be modified to accept more complex forms. A
third group was i~~oduced to accommodate clymeniids with twa
lateral lobes (comprising the species Qilobata, angulosa, semi-
costata) •

Leopold von Buch (1838, p. 159) divided the clymeniids into
two groups, adscendentes and incumbentes, in the fOllowing way.
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Adscendentes, species with a saddle at the umbilical seam
(actually defined by a lateral saddle rising to the umbilical
seam) •
Incumbentes, species with a lobe at the umbilical seam
e.g. Cl. striata (actually defined by a lateral saddle
falling to the umbilical seam).

This classification was revised and extended by Sandberger (1853,
p , 212) I

Clymeniae arcuatae, species with roundly curved lateral
lobes (comprising the species compressa, binodosa, arietina
and subnautilina).
Clymeniae angulatae, species with pointed lateral lobes.

Adscendentes, as defined by von Buch (comprising the
species laevigata, undulata).
Incumbentes, as defined by von Buch, (£1. pseudogoniatites).

GUmbel (1863) undertook a major revision of the clymeniids,
based mainly on the specimens from MUnster's Collection which
had passed to the Bavarian State Collections in Munich. He
devised a classificatory scheme with far more divisions than that
of von Buch, returning to the approach used by MUnster, but refining
it. There were three major categories, termed Gruppen or Unter-
gattungen, and these were subdivided at a further two levels.

Euclymenieae, species without a continuous siphuncular tube
(i.e. without contiguous septal necks).

Cyrtoclymeniae, species with a single, roundly curved,
lateral lobe.

Sublobatae, with a shallow, wide, lateral lobe, rising
uninterrupted to a saddle at the umbilical seam
(comprising the species angustiseptata, flexuosa,
annulata and spinosa).
Longilobatae, with a deep, rounded, lateral lobe and a
sickle-shaped inner lateral saddle (£1. binodosa).
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Genuflexilobatae, with a curved lateral lobe modified
by a pointed base and a simple saddle at the umbilical
seam (comprising the species dunkeri, laevigata).

Oxyclymeniae, species with a single deeply pointed lateral
lobe.

Adscendentes, with a saddle at the umbilical seam
(Cl. undulata).
Incumbentes, with a lobe at the umbilical seam
(Cl. striata).

Cymaclymeniae, with two lateral lobes of equal depth
(Cl. bilobata).

Nothoclymenieae, species with a continuous siphuncular tube (i.e.
with contiguous septal necks).

Sellaclymeniae, species with a ventral saddle and evolute
whorls (Cl. angulosa).
Gonioclymeniae, species with a ventral lobe and evolute
whorls (comprising the species speciosa, subarmata, inter-
media, beaumonti*).
Discoclymeniae, species with a ventral lobe and involute
whorls (Cl. haueri*).

Cycloclymenieae, species with a continuous siphuncular tube,
ventral lobe, and almost cylindrical, evolute whorls (£I.
planorbiformis*).

(* these are all.now recognised to be goniatites).

Hyatt. recognition of families

Hyatt (1884, p. 312-4) revised GUmbel's groups (of rank
lower than subgenera) Cyrtoclymeniae, Oxyclymeniae, Cymaclymeniae,
Sellaclymeniae and Gonioclymeniae, and gave them generic status
as Cyrtoclymenia, Oxyclymenia, Cymaclymenia, SellaClymenia and
Gonioclyrnenia. He acknowledged his debt to GUmbel by saying
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(1884, p , 313) "We ••••, use his names •••• without making any
claim ••• of having originated them", but by a decision of the
ICZN (Opinion 182) Hyatt was declared to be formal author of
these generic names since he had been the first to use them in
the nominative singular, as laid down by Article 8 of the Code.

Hyatt (1884) divided the clymeniids into 3 families •

Cyrtoclymenidae ...Cyrtoclymenia
Oxyclymenia
Platyclymenia
Cymaclymenia
Sellaclymenia
Cryptoclymenia
Cycloclymenia
GOnioclymenia
Discoclymenia

Cymaclymenidae

Gonioclymenidae

These he grouped into the Suborder Gastrocampylii (Hyatt in
Eastman-Zittel, 1900, p. 547) which was&replacement for the name
Int~iphonata which Zittel (1895, p. 396) had used without
indicating its taxonomic rank, describing it vaguely as a group.
He was unsure of the affinities of the clymeniids and dealt with
them in a footnote.

Hyatt also suppressed, without justification or explanation,
the genus Clymenia and this caused a taxonomic problem which has
remained unsolved in the literature, even though Schindewolf
discussed it on many occasions (1923a, 1949a, 1955, 1972).

The generic name Clymenia was revived by Frech (1902, p. 29)
who claimed that MUnster (1832, 1843) had given prominence to
the species laevigatus/a as the type of the genera Planulites
and £lYJ!!enia. Further developments in the usage of the name
Clymenia are described later (see Chapter 5). Frech (1902, p. 28)
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used the term Clymeniae (Intrasiphonata) but referred to this
group as a family.

Edwards (1849, p. 21, 50) introduced the first supra-generic
classification of the clymeniids when he erroneously included
Clymenia with the nautiloid genus Aturia in the family Clymenidae.
As the rules (~)currently stand the author of a family is not
automatically credited with authorship of groups of higher rank.
Thus Wedekind (1914) is the author of Order Clymeniida etc., and
not Edwards.

Wedekind (1908, p. 604) took GUmbel's group Cyrtoclymeniae
and subdivided it on the basis of his observations of clymeniids
collected from a measured sequence at Enkeberg in the Rheinische
Schiefergebirge.

Cyrtoclymeniae sublobata Rectoclymeniae
Protactoclymeniae
Varioclymeniae

Cyrtoclymeniae genuflexibiliae Genuclymeniae
Orthoclymeniae

(N.B. genuflexibiliae may be a misquotation of genuflexilobatae
GUmbel, 1863, p. 118).

. . . .
He referred, in headings, to Rectoclymenia, Protactoclymenia

etc. as genera but referred to all species as Clymenia in his
descriptions, thus not making clear the relationship between it
and his new generic names.

A more formal approach can be found in Wedekind's (1914)
monograph on the clymeniids of the Rheinische Schiefergebirge,
where he treated the clymeniids as a suborder (Clymeniacea) of
the Order Ammonoidea, and was the first author to afford them



formal supra-familial rank. Thus Wedekind, rather than Hyatt, is
credited with the authorship of both the Order Clymeniida and
the Suborder Clymeniina (contra Schindewolf 1957, Ruzhencev 1957)
rather than Hyatt, who had given no indication of the rank of his
Clymeninae. The current rules (~) do not cover taxa of
supra-familial rank, and offer no guidance on this point. Wedekind
divided the Clymeniacea into three families by their growth-lines,
shell form and suture. ·He recognised two groups, one with
biconvex growth-lines, subdivided by the nature of the coiling
into Cymaclymeniidae (involute) and Platyclymeniidae (evolute),
and another group with straight growth-lines, Gonioclymeniidae.

Cymaclymeniidae

Platyclymeniidae

Gonioclymeniidae

Rectoclymenia
Protactoclymenia (Protactoclymenia)
Protactoclymenia (Genuclymenia)
Cyrtoclymenia
Cymaclymenia
Varioclymenia
PIatyclymenia
Laevigites
Oxyclymenia
Seilaclymenia
GOnioclymenia
Kalloclymenia

Later Wedekind (1917) devised a scheme in which he separated
the ammonoids into three orders, Palaeo-, Meso-, and Neoammonoidea,
discriminated by the presence or absence of frilling (ltlnzisionenlt)
on lobes and saddles. The clymeniids should therefore have fallen
within the Palaeoammonoidea, but were not discussed explicitly.

Schindewolf. Introduction of ontogenetic considerations

The next reviser of the clymeniids was Schindewolf (1923a)



89

who introduced ontogenetic, and hence supposed phylogenetic
considerations in a short paper (1923b) which clarified the
taxonomic position of genera he had introduced earlier (1923a).
The Clymenoidea were treated as an order, with two suborders,
Gonioclymeniacea and Platyclymeniacea (Textfig. 4.1), the dis-
tinction between which was not based solely on simple morphological
criteria, but rather on differences in ontogenetic development.
The presence of a ventral lobe was considered a primitive character-
istic, since the earliest supposed clymeniid, Acanthoclymenia,
possessed one (House 1961, showed that this anomalous, middle
Frasnian genus was in fact a manticoceratid) and because the
earliest septa of clymeniids had a ventral lobe (Kosmoclymenia,
Branco 1880, Cymaclymenia, Schindewolf 1923b). The Goniocly-
meniacea retained a ventral lobe throughout ontogeny, and were
considered as progressive, Platyclymeniacea lost their ventral
lobe early in ontogeny, it being replaced by a saddle, and were
termed regressive. The picture is, of course, more complicated
than envisaged, but this argument has been used to divide the
clymeniids into two groups ever since.

Two families within the Gonioclymeniacea were recognisedJ
GonioclymenDdae, with an undivided ventral lobe, and Sellaclymenlldae,
in which the ventral lobe is divided by a saddle. Division into
genera was based on sutural formula and aspects of the shell-
form and ornament.

Subdivision into families within the Platyclymeniacea was
based on a combination of the character shell-form, coiling and
growth-line shape. Within the Cymaclymenlidae and Rectoclymenndae
genera were distinguished by their sutural formula, but within
the Platyclymenndae by the shape of sutural elements or by shell
ornament.



SCHINDEWOLF 1923B

Order CLYMENOIDEA

Suborder OONIOCLYmNIPCEA
Family Gonioelymeniidae

HexacZymenia
AcanthocZymenia
C08tacLymenia
GoniocZymenia
Ka Hoc Lymenia
OtocZymenia
SchiaocLymenia
Sphenactymenia

F~mily Sellaelymeniidae
Se Hac Zymenia
BilocLymenia

Suborder PLATICLYMENIPCEA
~amily Platyelymeniidae

VariocZymenia
PZatycZymenia
Laeuigites
ProtoxycZymenia
OxycLymenia

Family Cymaelymeniidae
CyrtocZymenia
GenucLymenia
CymacLymenia
BiZocZymenia

Family Reetoelymeniidae
RectocZymenia
FaZcicLymenia

SCHINDEWOLF 1957

Suborder CLYMENIINA

Superfamily OONIOCLYMENIACEAE
Family Hexaclymeniidae

Hexadymenia
ProgoniocLymenia
SoZicZymenia

Fami Iy Aeanthoelymeni idae
Acanthoc Zymenia

Family Gonioelymeniidae
Cos tac lymenia
GoniocLymenia
KaHocLymenia

KaZZ. (KaZZoeZymenia)
KaLL. (OtocZymenia)

SphenacZymenia
Se Llaa lymenia

Family Wocklumeriidae
Pachyc lymenia

?MirocLymenia
Wocklumeria
Epiwocklwneria
BiZoclymenia

Family Glatziellidae
GlatzieUa
PostgLatzieZla

Superfamily CLYMENIACEAE
Family Clymeniidae

PLatycZymenia
PZat. (PZatycZymenia)
Plat. (PLeuroclymenia)
Plat. (Trigonoclymenia)

Clymenia
PiricZymenia

?Trochoc Lymenia
ProtoxyoZymenia
KosmocLymenia

Family Cyrtoclymeniidae
CyrtocZymenia
Genuclymenia
Cymaclymenia

Family Rectoclymeniidae
ReotocZymenia
FalcieZymenia

Superfamily PARAWOCKLUMERlACEAE
Family Parawocklumeriidae

KamptocZymenia
Triac lymenia
Parawocklumel'ia

TEXTFIG. 4.1. Former clymeniid
classification schemes.

BOGOSLOVSKIV 1981
Order CLYMENIIDA

Suborder GONIOCLYMENIINA

Superfamily SEUACLYMENIACEAE
Family Hexaclymeniidae

Hexaclymenia
SoUcZymenia
ProgoniocZymenia

Family Costaelymeniidae
Costaclymenia
MesocZymenia

Family Sellaelymeniidae
SelZacZymenia

Family Miroelymeniidae
Uraloclymenia
PachycZymenia
Mil'oclymenia

Family Biloelymeniidae
Kiaclymenia
Biloclymenia
RiphaeocZymenia

Family Woekl ume riidae
Woeklumeria
Epwocklumeria
Synwock lumeria

Family Gonioelymeniidae
Gonioclymenia
SchizocZymenia
Sphenaelymenia
Ka Hoc 1.ymenia

KaLl. (KalLoclymenia)
Kall. (Otoclymenia)

Superfamily PARAWOCKLUMERIPCEAE
Family Parawoeklumeriidae

Kamptoclymenia
TriacZymenia
Parawocklumeria

Suborder CLYMENI INA

Superfamily CLYM::NIACEAE
Family Cyrtoelymeniidae

Cyrtoc1.ymenia
PlatyeZymenia

Plat. (Platyelymenia)
Plat. (PleUl'Oelymenia)
P1.at. (Tl'igonoc1.ymenia)
Plat. (Spinaelymenia)

Stenaclymenia
Tl'Oehoclymenia
SuLcoclymenia
PiricLymenia

Family Reetoelymeniidae
RectocLymenia
Falcielymenia
Ctel'OeZymenia

Family Carinoelymeniidae
Carinae lymenia
Acl'iclymenia
PinacocZymenia

Family Clymeniidae
Aktuboclymenia
ProtoxycZymenia
Kosmoelymenia
Clymenia

Family Cymaclymeniidae
Genuclymenia
cymaclymenia
Ornatoc lymenia
KazakhoeZymenia
LaganacZymenia
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Schindewolf (1923b, textfig., p. 62) produced a phylogenetic
scheme for the clymeniids, which differs little from that presented
here, except for the omission of then unrecognised genera.
Lange (1929) used the same scheme of classification as Schindewolf.

Schindewolf (1934) revised the genus Platyclymenia, recognising
three subgenera (Platyclymenia, Trigonoclymenia and Pleuroclymenia)
distinguished by their growth-line shape (Textfig. 4.12).
Precise cOllecting at Oberr8dinghausen enabled Schindewolf (1937a)
to produce a detailed study of the gonioclymeniid faunas of the
Wocklumeria Stufe, particularly four families, Wocklumeriidae,
Glatziellidae, Hexaclymeniidae and the Parawocklumeriidae. (The
new family Parawocklumeridae, was then placed within the Platy-
clymenidae, distinguished by its suture in which both ventral and
dorsal lobes were replaced by saddles).

Treatise schemes. Schindewolf and Ruzhencev

Schindewolf's final ideas on the classification of the
Suborder Clymeniida were expressed in the Treatise (Schindewolf
1957). This incorporated newly established taxa within his
earlier (1923b) scheme, with renaming where appropriate (Textfig.
4.1) •

Preparation of the Russian Treatise (Ruzhencev 1957, 1960,
BogoSlovskiy 1962), and the study of Devonian ammonoids in the
USSR (Bogoslovskiy 1955 et seq.) prompted the development of an
alternative classification scheme (Textfig. 4.1). This treats
the Clymeniida as an Order, and thus permits an extra 'rank in the
hierarchy.

The main distinction between the Russian and German schemes
is in the composition of some families. Schindewolf (1957)
included Costaclymenia, Gonioclymenia, Kalloclymenia and Sella-
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clymenia within the Gonioclymeniidae, whereas Ruzhencev (1960)
placed them in three separate families, Costaclymeniidae, Gonio-
clymeniidae and Sellaclymeniidae, and the Gonioclymeniidae were
put into a separate superfamily. Groupings within the Clymeniaceae/
Clymeniina were also quite different; where Schindewolf had only
two families, Clymeniidae and Cyrtoclymeniidae, Ruzhencev had
three, Clymeniidae, Cyrtoclymeniidae and Cymacly.meniidae. Exact
generic composition of these families can be seen in Textfig. 4.1.
Essentially Ruzhencev considered that Cyrtoclymenia had an
affinity with Platyclymenia rather than Cymaclymenia; Schindewolf
took the opposite view. During the last 25 years BogoSlovskiy
(1955 et seq.) has erected some 12 genera, and has enlarged the
classification scheme to accommodate them.

Bogoslovskiy's scheme is used here (Textfigs. 4.4, 4.5), but
with some modification of the taxonomic rank by the use of sub-
families along the lines introduced by Schindewolf (1928) and Weyer
(1981). Within the Gonioclymeniina families comprise genera
showing a common pattern of sutural elaboration; genera are
distinguished primarily by sutural formula, and subgenera by
differences in whorl form, or major ornament. Within the Clymeniina
such a rigid approach cannot be adopted. Sutural pattern is much
simpler and genera tend to be distinguished by relatively minor
differences in sutural pattern, often by the shape of individual
elements, and families contain genera with a common shell-form
or growth-line course. Thus differences which in the Clymeniina
would serve to separate genera can in the Gonioclymeniina only
separate species.

Future Work

This classification can only be usefully improved when two



important sets of data are obtained. a greater understanding of
the ontogeny of clymeniids, and precise stratigraphic ranges of
genera and species. To date the ontogenies of only Kosmoclymenia
(Schindewolf 1923b) and Gen. Nov. C (Bogoslovskiy 1955) are
known, to which can be added here Cymaclymenia (Textfig. 4.15).
Schindewolf (1937a) provided partial sutural ontogenies of a
number of genera. Details of the stratigraphic ranges of early
genera would be particularly important in unravelling the evolution
of the clymeniids in the delphinus and annulata Zones, by which
time most families had already appeared. Identification of the
earliest clymeniid species should shed evidence on whence the
group is derived.

Evolution of the Clymeniida

Origin of the Clymeniida

Arguments surrounding the origin of the Clymeniida were
summarised by House (1970, 1981a) and Schindewolf (1972). Two
major hypotheses have been advanced.

Archoceras - Hexaclymenia

Schindewolf (1932, 1933, 1972), fOllowing an idea initiated
by Hyatt (1884), derived Hexaclymenia from Archoceras, the
grounds for this being their near homeomorphy, with the exception
of their siphuncular position, ventral in Archoceras, dorsal in
Hexaclymenia (Textfig. 4.3a). Branco (1880, pl. VII, fig. 3b)
had figured a clymeniid with a siphuncle in the ventral position
at the first septum. Schindewolf (1923b), has stated that the



Textfig. 4.2a Prosuture and first septum of various clymeniid
species (after BogoSlovskiy 1976). A, B protoconch, and
proseptum and first septum of Cymaclymenia evoluta (after
Schindewolf 1923b); C, Protoxyclymenia cf. serpentina; 0,
Gen. Nov. F subflexuosa; E, Genuclymenia frechi; F,~-
clymenia angelini;' all X40.

2b Cross-sections of the early whorls of clymeniids
(after Bogoslovskiy 1976)1 A, Genuclymenia frechi; B,
Cyrtoclymenia frechi; C, Platyclymenia richteri; D, Pachy-
~lymenia intermedia; all X45. Each illustration shows the
dorsad migration of the siphuncle, achieved by the third
septum.

Textfig. 4.3b House's (1970) theory for the derivation of the
Clymeniida from Tornoceras via Protornoceras and Tornia, by
increasing evolution of the shell form, flattening of the
lateral lobe, and, finally, migration of the siphuncle.
?Protactoclymenia humboldti (A) has been selected from Sobolev's
(191~ illustrations of the Kielce fauna from which House
obtained the specimens he illustrated to support his theory.
A, ?Protactoclymenia humboldti (after Sobolev 191~ fig. llS'
and pl. IX, fig. 30 (X2»; B, Tornia mirabile (after House 1970,
textfig. 2A and pl. 126, fig. 4 (X2»; C, Protornoceras aff.
zuberi (after House 1970, textfig. 2B, pl. 126, fig. 2 (X3»;
D, Protornoceras simplificatum (after House 1970, textfig. 2e,
Pl. 125, fig. 5 (X3»J Protornoceras dorsoplanum (after
Sobolev 191~ pl. IX, fig. 36a (Xl», E, Tornoceras aff.
crebriseptum (after House 1970, textfig. 2D, pl. 125, fig. 4
(X2» •
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siphuncle in the clymeniids changes position from ventral to dorsal
over the course of the first three septa, which view was substant-
iated by the beautifully prepared sections of Bogoslovskiy (1976),
Textfig. 4.2a. Schindewolf also considered Hexaclymenia to
represent the earliest stage of evolution within the clymeniids,
since it has the simplest sutural formula of the Gonioclymeniina,
the group in which the ventral lobe is retained throughout
ontogeny. At this time Acanthoclymenia was considered to be
the earliest clymeniid (Schindewolf 1934) and the middle Frasnian
Archoceras seemed a plausible choice as its ancestor. When
House (1962) recognised that Acanthoclymenia was not a Frasnian
clymeniid,attention could be focused solely on the early clymeniids
of the middle Famennian (?delphinus Zone).

A

c E

\

B

Textfig. 4.3a. Schindewolf's (1972) theory for the
origin of the Clymeniida. All magnifications are
unknown, (from Schindewolf 1972, abbe 3).
Archoceras paeckelmanni, A, suture) B, side view.
Hexaclymenia hexagona, Ci, ii, suture) D, side view.

The youngest Archoceras is known from the lower Famennian
curvispina Zone, yet Hexaclymenia is not known until later, in
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the delphinus Zone (Bed 12, Enkeberg, Wedekind 1908). The earliest
clymeniids that Wedekind recorded were Stenoclymenia sandbergeri
(Bed 12), Platyclymenia (Plat.) pompeckii, Cyrtoclymenia involuta,
Gen. Nov. E lotzi, Genuciymenia phillipsi, Genu. frechi and Genu.
angelini, all from Bed 14, delPhinus Zone, thus representing a
diverse fauna. Lange (1929) reported~. kayseri from the
pseudogoniatites Zone.

Tornoceras - Tornia - clymeniids.

It was to these apparently earlier clymeniids, with simpler
sutures, that House (1970) turned when he argued that the Torno-

I"

ceratidae, via Tornoceras (~.) cre9Bseptum, Protornoceras and
Iornia, all known from the sandbergeri or delphinus Zones, gave
rise to the "earliest clymeniids" (Textfig. 4.3b). These have a
shell form and suture similar to Tornia, especially Stenoclymenia,
Platyclyrnenia and Protactoclymenia.

House (1970, p. 673) neatly summarises six reasons to support
his argument for the derivation of the clymeniids from Tornoceras,
rather than Archoceras or nautiloids. These were (with my
comments in brackets) a the similarity of the egg-shaped proto-
concha of the clymeniids and Tornoceras (the Anarcestina, of which
Archoceras is a member, also have egg-shaped protoconchs); the
lack of an umbilical perforation in both clymeniids and Tornoceras
(Archoceras has no umbilical perforation); the migration of the
siphuncle from a ventral to dorsal position, early in ontogeny
(there is a ventral siphuncle in all goniatites); and recognition
of a series of tornoceratid species which show a transition in
shell-form and sutural shape, between Tornoceras and cIYmeniids
(Archoceras and HexacI~enia have the same shell-form).

A strong argument against accepting that migration of the
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siphuncle could take place in Archoceras,is the shape of the septum
(House 1970, 1980a). This in Archoceras is convex orad (Schinde-
wolf 1937b, pl. 19, fig. lb) and has a lateral saddle as the
dominant element. In early clymeniids (Cyrtoclymenia, Platy-
clymenia) the septum is concave orad and dominated by the broad
lateral lobe.

Little has been added to these arguments since that date.
Schindewolf (1972) and BogoSlovskiy (1976) rejected House's
opinion, maintaining that the sutures of Archoceras and Hexaclymenia
were homologous, both having the formula ELII (i.e. Schindewolf's
(1954) u-type~whereas the sutures of Tornia and Platyclymenia
are merely homeomorphic, their formulae being EALII (i.e. A-
type, in which the adventive lobe is derived from secondary
splitting of the lateral saddle) and LII (U-type) respectively,
meaning that the lateral lobe is Adventitious in Tornia, but
truly Lateral in Platyclymenia. It should be added that for none
of these four particular genera is the sutural ontogeny known,
but is presumed from knowledge of similar, and related, torno-
ceratids and clymeniids.

BogoSlovskiy (1976) ably demonstrated that in clymeniids
the siphuncle migrated from a ventral to a dorsal position during
early ontogeny (Textfig. 4.2). Drushchits and Doguzhayeva (in
Drushchits ~ ~ 1976) argued that the Clymeniina were derived
from the Tornoceratina because in that group the position of the
siphuncle is unstable, unlike the Anarcestina (of which Archoceras
is a member) in which it is stable.

House's argument is appealing.
into a clymeniid requires.

1 reversal of the septal face
2 migration of the siphuncle

3 discovery of a transitional species to bridge the

The evolution of Archoceras



stratigraphic gap between the curvispina and delphinus
Zones.

But the evolution of Tornia into a clymeniid requires only.
1 migration of the siphuncle
However the arguments of Schindewolf (1972) and BogoSlovskiy

(1976), concerning sutural ontogeny, are difficult to ignore.
In the clymeniids the prosuture develops into a first suture with
a lateral lobe near the umbilicus, migrates across the flank
towards the venter (e.g. Kosmoclymenia, Textfig. 4.2b and Schinde-
wolf 1923b; Cymaclymenia, Textfig. 5.31F-I). In Tornoceras
(and by inference in the closely related genera Protornoceras
and Tornia) the lateral lobe is formed by the division of the
ventrad flank of the lateral saddle, and it migrates across the
flank towards the umbilicus (BogoSlovskiy 1971,'fig. 7), and the
umbilical lobe remains centred on the umbilical seam. This
fundamental difference in sutural ontogeny between Tornoceras
and the clymeniids, central to the way in which the Ammonoidea
are subdivided into orders (Wiedmann and Kullmann 1980), amounts
to an overwhelming objection to House's theory.

Alternative Theories

Sobolev (1914a,b) considered that the clymeniids were poly-
phyletic, each being derived from a goniatite with a similar
suture. Ten such lineages were proposed, all involving migration
of the siphuncle from the venter to the dorsum. Thus Cyma-
Clymenia striata was described as being derived from Pseudo-
clymenia, Cyrtoclymenia angustiseptata from Tornoceras simplex
etc. The confusion implicit in this system was compounded by
the introduction of new generic, and, subsequently (1925), specific/
subspecific names, which were indicative of a species' position
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in one of the ten lineages, and also of its morphology. Thus
Cheiloceras tenue Sobolev, at first became Oma-monameroceras
(Cheiloceras) tenue Sobolev, and then, Oma-amblylobites sub-
galeatus-retrovaricatus f. tenuis-subinterrupti-genuvaricata-
spirostriata Sobolev, Tornoceras siemiradzkii Dybcynskii became
GOmi-YmQQ-gQgy-~-amblylobites dorsatus-dorsovaricatus-subcostatus
f. subumbilicatum Sobolev, and Cyrtoclymenia aff. plicata (Munster),
became Ym£Q-cyrtolobia (Alobia) globularis-subcorrecti-lineata?-
Sybcostata Sobolev f. sub-umbilicata Sobolev. Such theory and
nomenclatorial practice has met with little support in modern
times (only Termier & Termier 1948 have supported a pOlyphyletic
origin for the clymeniids) and Schindewolf was instrumental in
having Sobolev's genera (though not his species) declared invalid
by a ruling of the ICZN, (Opinion 132, Schindewolf ~~. 1936).

Flower (1961) and Donovan (1964) maintained that clymeniids
were derived from coiled nautiloids.



Classification and Phylogeny

A classification scheme is shown in Textfig. 4.4 and some
phylogenetic links are shown on the range chart (Textfig. 4.5).
The Order Clymeniida is subdivided into two Suborders, Gonio-
clymeniina and Clymeniina. In the first group the ventral lobe
is retained throughout ontogeny, although in some families (see
below) it is lost secondarily. In the Clymeniina the ventral
lobe is lost early in ontogeny.

Suborder Gonioclymeniina

This group is subdivided into three superfamiliesa Sella-
clymeniaceae, Parawocklumeriaceae and Gonioclymeniaceae. In the
first group sutural elaboration takes place either by division of
the ventral lobe by a saddle, or by addition of umbilical lobes.
In the second the dorsal lobe is replaced by a saddle, and in
the third a deep ventral lobe is retained throughout ontogeny,
and sutural elaboration takes place by addition of both Adventive
and Umbilical lobes.

Sellaclymeniaceae

Three families are recogniseda Glatziellidae, Sellaclymeniidae
and Biloclymeniidae. The Glatziellidae have a simple suture
consisting of a ventral lobe (sometimes divided by a saddle) a
lateral lobe, and a dorsal lobe, and sometimes an umbilical lobe.
Growth-lines are concavo-convex. Sellaclymeniidae are evolute,
have a ventral lobe (sometimes divided by a saddle), a large
lateral lobe and umbilical and dorsal lobes. Growth-lines are
S-shaped. The Biloclymeniidae are subinvolute with a suture
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comprising ventral, lateral and dorsal lobes, to which may be added
a ventral saddle and an umbilical lobe.

Glatziellidae

Two subfamilies are recogniseda the earlier Hexaclymeniinae,
with a simple suture comprising ventral, lateral and umbilical
lobes, and the Glatziellinae, in which the ventral lobe becomes
subdivided and there may also be an additional umbilical lobe
(Textfig.4.6).

Hexacly.meniinae

There are two genera, Hexaclymenia and Progonioclymenia.
Both have the same sutural shape (Textfigs. 4.5J-L). ~-
clymenia has a distinctive hexagonal shell form, and is known only
from the delphinus Zone. Progonioclymenia is evolute and strongly
ribbed. Two subgenera are recognised a Prog. (Progonioclymenia)
which has a compressed whorl section, and is known from the
£JYmenia Stufe, and Prog. (Soliclymenia), known from the annulata
Zone and the Wocklumeria Stufe, which has a depressed whorl
section, and develops triangular coiling in one species.

Glatziellinae

Two genera are recognised. Glatziella and postglatziella
in which there is an additional umbilical lobe (Textfigs. 4.6F-H).
Early species (endogona Subzone. stratigraphic data from Schinde-
wolf 1937a) of Glatziella are evolute with strong ribs and shallow
(tricincta), and deep (helenae) ventro-lateral grooves. Glatziella
tricincta differs from Prog. (Soli.) solarioides, from which it
probably evolved, by having a ventral saddle, rather than a lobe,



Textfigo 4.6
Parawocklumeriidae
A, B Parawocklurneria paradoxa; C, Triaclymenia triangularis;
D, E Kamptoclymenia endogona.
Glatziellinae
F, G, postglatziella carinata; H, I, Glatziella diensti.
Hexaclymeniinae
J, Progonioclymenia ?aegoceras; K, SOliclymenia sOlarioidesJ
L, Hexaclymenia hexagona.
All after Schindewolf 1937a(figs. 6,7,17,19,20,22,2~except L, after

Schindewolf 1972 (fig. 3). All magnifications are unstated.

Textfig. 4.7
Sellaclymeniaceae, Sellaclymeniidae
A, Sellaclymenia angulosa, -D=30,
Sellaclymeniaceae, Costaclymeniidae
B, Mesoclymenia nalivkinae (after BogoSlovskiy 1981, fig. 9)1 i,

WH=11, BSP AS VII 589.

WW=8, WH.1S.5, ii, WW=4, WH=7, C, Costaclymenia multicostata,
(after BogoSlovskiy 1981, fig. 7), D=51, WW=10.4, WH=14J
D, ~. kiliani, partial sutural ontogeny 1 i, WH=8.8,
ii, WH=4.65, iii, WH=3.2.
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and ventro-lateral grooves. Later species (diensti, buxtorfi,
pasquayi) develop more depressed whorl sections, resulting in a
globular shell form. The last known species (qlaucopis) loses
its ribs and has a very depressed section (Weyer 1981). Sun and
Shen (1965) erected a new subgenus (Sinoglatziella) for smooth
forms such as this. Postglatziella, known from the sphaeroides
Subzone, has weak ribs, a depressed whorl section and globose
shell, a narrow umbilicus and an extra umbilical lobe.

Evolutionary trends within the Glatziellinae are a decrease in
the degree of shell evolution, increased depression of the whorl
section, increased globularity of the shell form, loss of strong
ornament and deep ventro-lateral grooves (surely a function of
the whorl width/whorl height ratio), and addition of an umbilical
lobe. within the Hexaclymeniinae the only trends would seem to
be an increased depression of the whorl section (not wholly
confirmed by stratigraphic data), and the development of triangular
coiling.

Sellaclymeniidae

Two subfamilies are recognised I the Sellaclymeniinae and
the Costaclymeniinae, the former having a presumed secondarily
subdivided ventral lobe (Textfig. 4.7). Stratigraphical evidence
for the evolution of this small group is lacking. Costaclymenia
(Costaclymenia) multicosta (Textfig. 4.7C) is a small strongly
ribbed species from the annulata Zone, with a compressed whorl
section. Its direct ancestor is unknown. It is extremely
different in shell form and growth-line course from Prog. (SOli.)
solarioides, the only other representative of the Gonioclymeniina
known from the annulata Zone. Investigation of the sutural
ontogeny (Textfig. 4.7D) of a later species (kiliani) shows the
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early suture to have a broad, deep lateral lobe and a ventral lobe,
reminiscent of Stenoclymenia, one species of which (sandbergeri)
is a near homeomorph of End. (Cost.) multicosta.-- --- (Stenoclymenia
has a ventral lobe, which recent authors have considered as
secondary, and thus have included it within the Clymeniina.. Lange,
however, considered it to be a gonioclyrneniid. There are no
details of sutural ontogeny of Stenoclyrnenia.)

Species of Endosiphonites from the Clymenia Stufe are divided
here into subgenera by their ornament; End. (Costaclymenia) has
strong ribs, or tubercles, but these are weak or absent in End.
(Endosiphonites). Their relative stratigraphic positions are
unknown.

Mesoclymenia (Textfig. 4.7B) is an interesting genus known
from the Clymenia Stufe of Kazakhstan (Bogoslovskiy 1981).
It has a smooth shell, with a ventral groove developed early in
ontogeny, and a suture with the same number of elements as ~-
~phonites, but with a pointed, rather than a broad, lateral lobe.
Thus it represents a stage intermediate between Endosiphonites and
2onioclymenia, from which it differs only by the absence of a
ventro-Iateral (Adventive) lobe, and ribbing. Presumably Gonio-
~enia evolved from Endosiphonites via Mesoclymenia.

SellaclYmenia (Textfig. 4.7A) is known from only few examples.
It is believed to have evolved from Endosiphonites, by formation
of a ventral saddle, rather than Mesoclymenia, since that genus
has a smooth shell and a ventral groove. The earlier Sellaclymenia
torleYi (ClYmenia Stufe) has an ornament consisting of strong
tubercles, whereas the later Sell. plana is smooth.

Biloclymeniidae

This family, as used here, differs in composition from the



Textfig. 4.8
Biloclymeniinae
A, Riphaeoclymenia canaliculata, (after BogoSlovskiy 1981,
fig. 21), D=30, WW=9.0, WH=7.6J B, Gen. Nov. C, (after
Schindewolf 1937a,fig. 10); C, Biloclymenia uralica, partial
sutural ontogeny; i, WW=13.7, WH=13.6; ii, D=21.3, WW=9.1,
WH=10.6; iii, WW=6.5, WH=6.5J iv, WW=4.5, (after Bogoslovskiy
1955)J D, Biloclymenia semiplicata, WW=10.7, WH=9.8, (after
Bogoslovskiy 1981, fig. 18).
Sellaclymeniaceae, Wocklumeriidae
E, Epiwocklumeria kiensis, D=24, WW=13, WH=12 and WW=4.6,
WH=5; F, Epiwocklumeria applanata, (after Schindewolf 1937a,
fig. 13); G, Wocklumeria sphaeroides (after Schindewolf
1937a, fig. 12).
Sellaclymeniaceae, Biloclymeniidae, Pachyclymeniinae
I, Pachyclymenia abeli, (after Schindewolf 1937a, fig. 11)J
J, Uraloclymenia volkovi, D=18, WW=10, WH=6.7, (after Bogos-
lovskiy 1981, fig. 13).

Textfig. 4.9
A, Parawocklumeria paradoxaJ B, Parawocklumeria distorta;
C, Triaclymenia triangularis; D, Kamptoclymenia trivaricata;
E, Kamptoclymenia trigona; F, Kamptoclymenia endogonao
All after Schindewolf 1937a, figs. 20,25,26,27, (all magnifi-
cations unstated).
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usage of Bogoslovskiy (1955, 1981), principally because of a
reappraisal of the genera which he recognised as valid. He used
two families, Miroclymeniidae (Uraloclymenia, Pachyclymenia and
Miroclymenia) and Biloclymeniidae (Kiaclymenia, Biloclymenia and
Riphaeoclymenia), the distinction between them being drawn on
subdivision of the ventral lobe (Textfig. 4.8A-D,I,J). Miroclymenia
is not accepted as a valid genus, but is treated as a possible
synonym of Cymaclymenia. Erected by Schindewolf (1923b) and
diagnosed as like Cymaclymenia, but with a ventral lobe, it was
used as the type-genus for the subfamily Miroclymeniinae Schinde-
wolf 1924, containing Miroclymenia and Wocklumeria. Later (1937a)
Schindewolf reported the apparent loss of the only specimen of
Miroclymenia from the collections at Jena and described it as a
juvenile, only 15mm in diameter. On these grounds he considered
Miroclymenia to be a "genus inquirendum" and thus unreasonable. .

for use as the type for a family, and so he erected a new family,
Wocklumeridae, to replace it, comprising Pachyclymenia, Miroclymenia,
Wocklumeria, Epiwocklumeria and Biloclymenia.

In 1955 Bogoslovskiy erected a new family Biloclymeniidae to
accommodate Biloclymenia and Kiaclymenia, which differed from the
above listed genera by having a subdivided ventral lobe.
Ruzhencev (1957) further divided Schindewolf's Wocklumeriidae into
three families, Miroclymeniidae (Miroclymenia, Pachyclymenia,
ELII or ELlUl) Wocklumeriidae (Wocklumeria, Epiwocklumeria and
SynwoCklumeria, with three umbilical lobes) and Biloclymeniidae
(with subdivided ventral lobe). Bogoslovskiy (1960) described
intermedia, a new species of PacbyClymenia, with an incipient
umbilical lobe, apparently transitional between Pach. abeli and
Miro. interpres.

Schindewolf (1972) accepted BogoSlovskiy's new evidence
confirming a link between PachYClymenia and Miroclymenia and
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reinstated the family Miroclymeniidae. He retained the Wock-
lumeriidae but treated the Biloclymeniinae as a subfamily of the
Miroclymeniidae, regarding the subdivision of the ventral lobe to
be worthy of recognition only at subfamilial level, as he had done
for the Sellaclymeniinae.

BogoSlovskiy (1977) reiterated his argument when he established
a new genus Uraloclymenia, intermediate in sutural form between
Hexaclymenia and Pachyclymenia. He saw this new genus as the
ancestor of Bilocl~enia, and considered that Wocklumeria was
derived from Pachyclymenia. I would agree with these phylogenetic
conclusions.

Korn (1981a) erected nephroides, a new species of Cymaclymenia,
which had a suture exactly like that of Miro. interpres, but later
in ontogeny the ventral lobe transformed into a saddle. The
shell form also agrees with Schindewolf's (1937a) description
of interpres. On this evidence I would endorse Schindewolf's own
statement (1923b) that Miro. interpres was like Cymaclymenia and
suggest that it is a Cymaclymenia. Therefore Miroclymenia and
Miroclymeniidae can be treated as synonyms of Cymaclymenia and
Cymaclymeniidae, respectively.

It is argued below (Chapter 5) that the biloclymeniid group
comprises only Biloclymenia, Gen. Nov. £ and Riphaeoclymenia,
and deserves only subfamilial rank, since it is characterised
only by the subdivision of the ventral lobe. (Although Riphaeo-
clymenia, differing only by its shell form, may warrant only
subgeneric status (cf. KalloClymenia, SOliclymenia, Trigonaclymenia
etc.». A new subfamily, Pachyclymeniinae, is then required
to accommodate Pachyclymenia and Ura!oclymenia, and both of these
subfamilies are placed in the Biloclymeniidae because Miro-

clymeniidae is accepted as a synonym of Cymaclymeniidae. Should
Miroclymenia be shown to be a valid genus, with a true ventral
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lobe, then the family name would revert to Miroclymeniidae.

Wocklumeriidae

Two genera are included here, Wocklumeria and Epiwocklumeria
(Textfig. 4.8E-G), distinguished only by their shell for~. The
later Epiwocklumeria is involute in contrast to Wocklumeria, which
is subinvolute, becoming subevolute in later whorls. Both exhibit
triangular coiling. There seems no way to distinguish Syn-
XQcklumeria (Librovich 1957, BogoSlovskiy 1981) from Epiwocklumeria
(but see Chapter 5).

Parawocklumeriaceae

This superfamily has been included within the Platyclymenida
(Schindewolf 1937a) . or been treated as equal in rank to
Gonioclymeniaceae and Clymeniaceae (Schindewolf 1957). Ruzhencev
(1957) included them within the Gonioclymeniina. Weyer (1981)
gave them only subfamilial rank within the Glatziellidae.

Only one family, Parawocklumeriidae, is recognised,united
by the possession of divided ventral and dorsal lobes (i.e. it
has ventral and dorsal saddles Textfig. 4.9). To it are assigned
three genera, Kamptoclymenia, Triaclymenia and Parawocklumeria,
which were the subject of a study by Schindewolf (1937a).

These three genera are separated somewhat arbitrarily by their
degrees of involution. Kamptoclymenia, evoluteJ Triaclymenia,
subevolute to subinvolute, and Parawocklumeria subinvolute to
involute. Parawocklumeria also has an extra umbilical lobe.
All three genera appear at the base of the endogona Subzone, in
Bed 10 at Oberr8dinghausen (Schindewolf 1937a). Schindewolf
(1937a, textfig. 27) arranged all of the species of Kamptoclymenia,
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Triaclymenia and Parawocklumeria in an evolutionary series from
from Kampto. endogona through Kampto. trigona, Kampto. trivaricata,
Tria. triangularis, ~. patens, ~. distorta to Para. paradoxa,
in which there is increasing involution, and triangularity of the
shell coiling, emphasised by deep constrictions. There is no
stratigraphic basis for this series, since the ranges of all species
(except Para. paradoxa) are either uncertain, or concurrent
(Schindewolf 1937a).

The immediate ancestor of Kampto. endogona is unknown.
P.ogonioclymenia (Soli.) solarioides is morphologically most
similar, but this has strong ribs, and lacks the ventro-lateral
grooves and dorsal saddle present in Kampto. endogona, and is
therefore unlikely to be its direct antecedent.

Gonioclymeniaceae

Two subfamilies are recognised, Gonioclymeniinae (Gonioclymenia,
divided into subgenera) and Sphenoclymeniinae (Sphenoclyrnenia)
distinguished by their sutural formulae, Sphenoclymeniinae having
extra umbilical and ventro-lateral lobes (Textfig. 4.11).
Gonioclymenia, which appears low in the Clymenia Stufe, was probably
derived from Mesoclymenia, by addition of a ventro-Iateral lobe.
Little stratigraphic evidence is available to give credence to
any phylogenetic consideration of this group. Wedekind (1914)
and Schmidt (1924) recognised a lower division of the Clymenia
Stufe in which Gon. (QQn.) hoevelensis and Q2n. (Gon.) subcarinata
were present. These have shallow ventro-Iateral lobes, and strong
tuberculose ornament. QQn. (Gon.) speciosa, from the upper
Clymenia Stufe has a deeper ventro-Iateral lobe, and a more
subdued ornament (Textfig. 4.10B-D).

It seems that there are at least 5 lines of descent within
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Textfig. 4.10
Gonioclymeniinae
A, Gonioclymenia (Gonioclymenia) levis, D=70, WW=11.6, WH=21,
(after BogoSlovskiy 1981, fig. 35); B, Gonioclymenia (Gonio-
clymenia) speciosa, D=91, and D ca20, BSP AS VII 538; C,

u

Gonioclymenia (Gonioclymenia) subcarinata, D ca59, WW ca15,
WH ca20, BSP AS VII 595; D, Gonioclymenia (Gonioclymenia)
hoevelensis, D=45, WW=9.5, WH=14.3, (after Bogoslovskiy
1981, fig. 31).

Textfig. 4.11
Gonioclymeniidae, Sphenoclymeniinae
A, Sphenoclymenia maxima (after Schindewolf 1920); B,
Sphenoclymenia intermedia, WW=20.9, WH=40, holotype, BSP AS
VII 586, combined with SM HI0397 (internal suture only);
C, Schizoclymenia drevermanni (after Drevermann 1901, pl. XIII,
fig. 10).
Gonioclymeniidae, Gonioclymeniinae
D, Gonioclymenia (Subgen. Nov. B) wocklumensis, D ca30,
holotype, MfN; E, Gonioclymenia (Kalloclymenia) subarmata,
D=98, BSP AS VII 537; F, Gonioclymenia (Kalloclymenia) crassa,
D=37, lectotype, RE 551.734.5 A255.
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the Gonioclymeniaceaea Gonioclymenia (Kalloclymenia) with strong
parabolic ribs, and a shallow ventro-Iateral lobe appeared in the
Clvmenia Stufe (crassa Textfig. 4 .11F); Gonioclymenia (Subgen.
Nov. A), with a spinose ventro-lateral ornament and no ventro-
lateral groove, appeared late in the Clymenia Stufe (brevispina);
Gon. (Subgen. Nov. ~) which lacks all ornament, occurs in the
Wocklumeria StufeJ Gonioclymenia (Gonioclymenia) itself, retaining
the ventral groove; and Sphenoclymenia with an extra umbilical
and ventro-Iateral lobe. BogoSlovskiy (1981) illustrated two
species of Gonioclymenia (levis Textfig. 4.10A; kiensis) with
incipient ventro-Iateral lobes, which could be considered as
intermediate to Sphenoclymenia. The little known Schizoclymenia
can also be interpreted in the same light.

Some thirty gonioclymeniacean species have been erected by
MUnster, Wedekind (1914), Lange (1929), Petter (1960) and Bogos-
lovskiy (1981), and these can all be subdivided into plausible
eVOlutionary lineages, but this will not be attempted for the want
of stratigraphical details.

It can be noted, however, that somewhat later species of
this genus demonstrate retention to the adult stage of characters,
which in earlier species, are present only in early whorls.
Thus Gon. (Kall.) subarmata has a tongue-shaped lateral lobe at
larger diameters, resembling the early lateral lobe of Q2n. (Gon.)
speciosa (see Textfigs. 4.10Bii and 4.11E). The earlier Gon.
(~.) crassa (Textfig. 4.11F) has a lateral lobe like the mature
lateral lobe of Gon. (Q2g.) speciosa.

Species of Gon. (Subgen. Nov. b) have a strong spinose
ornament throughout all stages, and this ornament resembles that
present only on the early whorls of Q2n. (Gonioclymenia). A
ventral groove is developed only in Q2g. (Gonioclymenia). In

other subgenera the flat venter of the earliest whorls is retained
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throughout growth.

Suborder Clymeniina

Only one superfamily, Clymeniaceae, is recognised within the
Clymeniina~grouped together because all lose their ventral lobe
early in ontogeny. There are six families. Platyclymeniidae,
Cyrtoclymeniidae, Rectoclymeniidae, Carinoclymeniidae, Clymeniidae
and Cymaclymeniidae.
rather arbitrary.

Division between them is in some cases

Platyclymeniidae

Two subfamilies are recognised, distinguished by their sutures I

Platyclymeniinae and Subfam. Nov. n.

Platyclymeniinae

Platyclymenia is the major genus of this subfamily. It is
evolute with a suture consisting of a ventral saddle, a broad
lateral lobe and a dorsal lobe (Textfig. 4.12E). Growth-lines
are concave over the flanks, and ribbing is common. Whorl section

is circular to subcircular. At least sixty species have been
assigned to this genus, most on the basis of just a handful of
specimens. There are four subgenera, distinguished by their
ornament (but see Chapter 5). Trigonoclymenia with parabolic
ribs, Pleuroclyrnenia with a depressed whorl section, Spinoclymenia
with a spinose ornament projecting ventrally from the ventro-
lateral shoulder,and PlatY9lymenia itself (Textfig. 4.12).

Also included within the Platyclymeniinae are two rather
problematic genera, Stenoclymenia and Trochoclymenia (Textfig. 4.12).
Stenoclymenia contains forms which are indistinguishable from



Textfig. 4.12
Platyclymeniidae
A, Stenoclymenia stenornphala (after Lange 1929, fig. 12);
B, Platyclymenia (Pleuroclyrnenia) crassissirna, WW=11.8, WH=8,
holotype, Mbg. 3154; C, Trochoclyrnenia wysogorskii (after
Schindewolf 1937a, fig. 3); D, Trochoclymenia ornata, partial
sutural ontogeny (after Petter 1960, fig. 2E); E, Platyclymenia
(Platyclymenia) annulata (after Schindewolf 1934); F, G, H,
diagnostic growth-lines of the subgenera Trigonoclyrnenia,
Platyclymenia and Pleuroclyrnenia (all after Schindewolf 1934).

Textfig. 4.13
Clymeniidae
A, Kosrnoclymenia sublaevisl i, WW=6.1, WH=5.9; ii, WW=3.3,
WH=2.4; iii, WW=1.4, WH=1.9, DK 78D 1125.1; B, Clymenia
laevigata, D=50, lectotype SM H10366. Internal suture after
Schmidt 1924, fig. 4c; C, Protoxyclyrnenia dunkeri, WWz5.5,
DK 81D 6430.2; D, Aktuboclymenia ancestralis, D=22.2, WW=6.7,
WH=9 (after Bogoslovskiy 1979b, fig. 1).
Platyclymeniidae, Subfam. Nov.a
E, Piriclymenia piriformis (after Schindewolf 1937a, fig. 4);
F, OrnatoClymenia ornata, DK24, lectotype BSP AS VII 550;
G, SUlcoclymenia sulcata (after Schindewolf 1972, fig. 2b).
Platyclymeniidae, Platyclyrneniinae
H, Platyclymenia (Platyclymenia) annulata (after Schindewolf
1934) •
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Platyclymenia, except that they have a shallow ventral lobe- -
(Textfig. 4.12A), considered by most authors to appear secondarily
in ontogeny (reference has already been made to this under Costa-
clymeniidae above). Trochoclymenia is based on a single specimen
from Dzikowiec (Ebersdorf) and was diagramatically illustrated by
Schindewolf (l937a, Troch. wysogorskii, figs. 1,3). Recorded as
being from Wroc~aw it is now presumed to have been lost when the
collections were destroyed in the last war. It differs from
Platyclymenia by having a small additional lobe near the umbilical
seam (Textfig. 4.l2C). Petter (1960, p. 34) erected Trocho-
clymenia ornata, which includes examples with a shell form and
suture similar to Costaclymenia, except they have a flat ventral
saddle up to a diameter of ca 25mm. The holotype of Troch.
ornata (pl. III, figs. 8-8a) may be a true Costaclymenia, since it
is a fragment of an outer whorl, and has a shallow ventral lobe.
It is indistinguishable from E~. (Endosiphonites) muensteri.
The other specimens illustrated by Petter are all small (D<25),
and have a very shallow lateral lobe with a flexure near to the
umbilical seam, but do not actually form an umbilical lobe (Text-
fig.4.l2D). Therefore they are very similar to Platyclymenia,
and may represent juveniles of Troch. wysogorskii. It is very
easy to argue that a relationship exists between these specimens
and Platyclymenia.

The distinction between some members of Platyclymenia,
Cyrtoclymenia and Protactoclymenia is not always clear, especially
for examples with a broad whorl section, subevolute coiling and
prorsiradiate growth-lines (see Chapter 5). It is likely that
there is some phylogenetic relationship between Cyrtoclymenia
and Platyclymenia, at least, so this ambiguity will remain.
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Subfam. Nov. ex

This subfamily, for which the name Piriclymeniinae would be
proposed, contains the genera Sulcoclymenia, Piriclymenia and
Ornatoclymenia, which all have a similar pear-shaped whorl section.
Their relationship and sutural development was described by Korn
(1981a), who elaborated on the arguments of Schindewolf (1972),
who derived this group from Platyclymenia by the formation of an
adventive lobe (Textfig. 4.13E-G).

Korn (1981a) argued that Ornatoclymenia had a greater affinity
with Sulcoclymenia than with the Cymaclymeniidae (contra Schinde-
wolf 1957, BogoSlovskiy 1979b). His argument for this was that
Ornatoclymenia had a V-shaped dorsal lobe, rather than a tongue-
shaped dorsal lobe like Cymaclymenia, the umbilical and lateral
lobes were rounded rather than pointed as in Cymaclymenia, and the
adventive lobe was deep rather than shallow.

Which family these three genera are to be included within is
largely determined by what is considered as their immediate ancestor.
Schindewolf (1972) suggested that Sulcoclymenia and Piriclymenia
were derived from Platyclymenia. Korn (1981a) suggested that
ornatoclymenia too was derived from Sulcoclymenia. Both Schinde-
WOlf(1957, 1972) and Bogoslovskiy (1981) include Piriclymenia
and Sulcoclymenia in the Platyclymeniidae. Korn, however, placed
them in the Clymeniidae, together with Aktuboclymenia, Protoxy-
clymenia, Kosmoclymenia and Clymenia. Bogoslovskiy's classification
scheme allows the lineages Aktuboclyrnenia-Protoxyclymenia-Kosmo-
clymenia and Sulcoclymenia-Piriclymenia to be derived independently
from Platyclymenia (see Textfigs. 4.13E-H). Korn's scheme
requires Sulcoclymenia and AktuboClyrnenia to be closely related,
with one ancestral to the other, and derived from Platyclymenia
through only one lineage. This idea was not discussed or sub-
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stantiated by him in any way. Although the growth-lines, suture
and shell form of Aktuboclymenia and Sulcoclymenia are quite
similar a conservative approach is adopted here, and the two
genera placed in separate families.

Cyrtoclymeniidae

This family contains only two genera, Cyrtoclymenia and
Protactocl~enia, with a simple suture (Textfig. 4.15D) and are
differentiated by the degree of involution, more evolute examples
being included in the latter genus (see Chapter 5). Representatives
of this family are quite rare, with the exception of Cyrt. involuta,
which is the most conunon clymeniid in the delphinus Zone.
Insufficient is known of the stratigraphic occurrence of this
family to make any comments on its evolution, even though species
included within ~yrtoclYmenia range from the delphinus to paradoxa
Zoneso

Rectoclyrneniidae

This family contains three genera, Gen. Nov. D (Rectoclymenia
auctt.), Gen. Nov. E (Falciclymenia auctt.) and Cteroclymenia.
Most species have a compressed carinate whorl section, and all
have biconvex, radial growth-lines. The genera are distinguished
by the number of umbilical lobes, Gen. Nov. D has none, Gen. Nov.
E one, and Cterocl~enia two (Textfigs. 4.14A-C). Stratigraphic
data for this group is rather poor, Gen. Nov. D is known from the
delphinus Zone, and Gen. Nov. ! from the annulata Zone, and
possibly a little above (BrUgge 1973). On this evidence, and
their morphological similarity (apart from the number of umbilical
lobes) they have been arranged in an evolutionary sequence,



Textfig. 4.14

Rectoclymeniidae

A, Cteroelymenia roZ'manae, D=1904, WW=7.2, WH=9.S (after

BogoSlovskiy 1979a, fig. 2a); B, Gen. Nov. Esp. a, WW=10.9

WH=23, Mbg; C, ?Gen. Nov. D finitima (after Bogoslovskiy 1975,

fig. le).

Carinoelymeniidae

D, Pinacoclymenia inexpectata, WW:iO.4, WH=30.5 (after Bogos-
lovSkiy 1975, fig. 3b); E, Carinoelymenia thaumasta, WW=2.1

WH=5.7, (after Bogoslovskiy 1975, fig. 2b); F, Carinoclymenia

beuelensis, D=25.2, WW=4.S, WH=12.4, (after BogoSlovskiy

1975, fig. Id); G, Gen. Nov. K stuckenbergi (after Perna

1914, fig. 65).

Textfigo 4.15

Cymaelymeniidae

A, Cymaclymenia sp. b, D=32.S, WW=11, WH=17, SM H10406;

B, Genuclymenia karpinskii, WW=5.6, WH=7.5, DK SOD 4511.1;

C, Genuclymenia angelini (after Perna 1914, fig. SI).

Cyrtoelymeniidae

D, Cyrtoelymenia involuta, (after Schmidt 1924, fig. 4).
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Rectoclymenia-Falciclymenia-Cteroclymenia (BogoSlovskiy 1979a).
It has been argued (Lange 1929) that Gen. Nov. D kayseri is the
earliest known clymeniid, being recorded from the sandbergeri Zone
at Enkeberg (Lange 1929) and Kirch-Gattendorf (Schindewolf 1923b).
These dates are, however, not beyond question (see Chapter 5).

Carinoclymeniidae

This family, containing the genera Gen. Nov. F, Carinoclymenia
and Pinacoclymenia, is similar in many respects to the Recto-
clymeniidae, except that growth-lines are prorsiradiate, biconvex,
with the ventro-Iateral salient being prominent. There is fre-
quentlya shallow ventral lobe (Textfig. 4.14D-G). Bogoslovskiy
(1975) erected Acriclyrnenia, differentiated from Carinoclymenia
by "the more prominently segregated carination of the shell
emphasised by longitudinal grooves, by the broad ladle-shaped
ventral sinus of the growth-lines and the unusually high ventral
saddle of the sutur~' (Textfig. 4.14E). Such a finely drawn
distinction does not warrant generic status (at least in comparison
with the diagnoses of other Famennian clymeniid genera). Species
assigned to Gen. Nov. F have previously been included within
Rectoclymenia and Cyrtoclymenia.

Clymeniidae

This family includes Aktuboclymenia, Clymenia, Protoxyclymenia
and Kosmoclymenia. The development of arguments surrounding the
phylogenetic relationships of Clymenia, Protoxyclymenia and
Kosmoclymenia is detailed in Chapter 5. The taxonomy and evolution
of Protoxyclymenia and Kosmoclymenia, which will be separated into
their own subfamily, are the subject of a detailed study in
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preparation by the author and a German colleague. Precise strati-
graphic details were not available for inclusion in this thesis to
justify the evolutionary scheme which will be proposed, but an
outline is given here.

Kosmoclymenia is derived from Protoxyclymenia by the sharpening
of the lateral lobe early in the Clymenia Stufe. Three lineages
(indicated on Textfig. 4.5 as Geno Nov. J-L) have been traced
within Kosmoclymenia. In one (Kosmocl~enia s.s.) growth-lines
become finer, more closely spaced, and change direction from
prorsiradiate to rursiradiate simultaneously becoming more strongly
biconvex, shell coiling becomes more evolute, the appearance of
the first growth-lirae becomes delayed, and the ventral ornament
changes from continuous flares to close but isolated spines,
becoming increasingly more widely spaced until, in the species
wocklumeri, they disappear altogether (Gen. Nov. L). In a second
lineage (Gen. Nov. ~) the ventral ornament is lost, and finer,
more strongly biconvex, growth-lines developed, which change
direction from radial to rursiradiate, and in a third lineage
(Gen. Nov. K) ventral ornament is lost and deep ventro-Iateral
grooves are developed.

It is considered that Protoxyclymenia arose via Aktuboclymenia
from Platyclymenia (Plat.) quenstedti, in the annulata Zone
(Textfigs.4.13A,C). Clymenia itself has a suture similar to
Aktuboclymenia and Protoxyclyrnenia (Textfigs. 4.13B-D). A small
evolute species of Clymenia is now known from the annulata Zone
(Chapter 7) and so it may also be derived from Aktuboclymenia.

Cymaclymeniidae

The genera Genuclymenia, Cymaclymenia, Lagonoclymenia and
Kazakboclymenia are included here. Genuclymenia may be derived
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from Aktuboclymenia {Bogoslovskiy 1979ijbut its shell form, growth-
line shape and suture seem much closer to Protactoclymenia and
Cyrtoclyrnenia. The relationship between Cymaclymenia and Genu-
clymenia has long been recognised (Schindewolf 1923b), the former
being derived from the latter by the deepening and sharpening of
the lateral lobe (Textfigs. 4.15A,B,D). This divergence must have
taken place from a species which lacked the extra internal Umbilical
lobe present in some (Textfig. 4.15B), presumably later, species of
Genuclymenia {see Chapter 5)0 It should, however, be pointed out
that the suture of Cymaclymenia passes through an ontogenetic
stage which is similar to the mature suture of Sulcoclymenia
(see Textfig~. 4.13G and 4.16Diii), which could be proposed as an
ancestor. Wedekind (1908, 1914) considered that Cymaclymenia
appeared in the delphinus Zone, but this contention has not been
substantiated by any subsequent studies. If the origins of
Cymaclymenia are as suggested above it should have appeared by
the annulata Zone, which is the highest level from which Genuclymenia
has been recorded. However, there are no reports of Cymaclymenia
from what are frequently very rich annulata Zone faunas.
Generally these are dominated by species of Platyclymenia, and
species of Genuclymenia itself are rare, so perhaps there was some
facies control over the distribution of early Cymaclymenia.

Kazakhoclymenia and Laganoclymenia were erected by BogoSlovskiy
(1979b) to contain five specimens in which there was a shallow
ventral lobe (Textfigs. 4.16A,B). The single known specimen of
Kazakhoclymenia, from the Clymenia Stufe of Kazakhstan, differs
from Laganoclymenia, known from the Wocklumeria Stufe of the
southern Urals, by having a deep, more acutely pointed lateral
lobe. Cymaclymenia, certainly a very successful genus in the
Clyrnenia and WOCk.lumeria Stufen and is exceeded in frequency only



Textfig. 4.16
Cymaclymeniidae
A, Laganoclymenia levis, D=19.3, WW=4.1, WH=7.3 (after Bogos-
lovskiy 1979b, fig. 4); B, Kazakhoclymenia medocvi, D=36,
WW=7.6, WH=13 (after Bogoslovskiy 1979b, fig. 3); C, Cyma-
clymenia sp. b, D=32.8, WW=ll, WH=17,SM H10406; D, Cymaclymenia
sp. i, WW=8, WH=11.5, HU P82. 19; ii, WW=1.44, WH=1.88;
iii, WW=O.77, WH=O.76; iv, eighth septum, WW=O.43, WH=O.38,
(ii-iv, HU P82. 18).
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by Clymenia laevigata, Parawocklumeria paradoxa and some species of
Kosmoclymenia. Cymaclymenia evoluta is believed to have been the
last clymeniid to survive in the uppermost Devonian seas.



Chapter 5

Systematic descriptions; principally of the species originally
described by Count Munster
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Introduction

It is 150 years since Georg, Graf von MUnster (see portrait,
frontispiece) first reported ammonoids from the Fichtelgebirge,
north eastern Bavaria (MUnster 1831). In the fOllowing year he
published a description of about 40 species, some of which were
at first placed in the genus Planulites (MUnster 1832), but were
later placed in the new genus Clymenia (MUnster 1834a). These
are now recognised as representatives of the Order Clymeniida,
which is confined to the upper Famennian, the uppermost part of
the Devonian. This extremely diverse group of cephalopods
evolved rapidly and is characterised by possessing a dorsal
siphuncle, setting it apart from most other ammonoids.

In his time MUnster had one of the largest palaeontological
collections in Europe and in 1840 Adam Sedgwick purchased from
him a duplicate series of specimens (Clarke and Hughes 1890).

This is now in the Sedgwick Museum Cambridge and consists of some
10 000 specimens, many of which still bear MUnster's handwritten
labels. MUnster provided a catalogue with this collection.
A copy of the relevant pages is reproduced in Textfig. 8.1,
together with photographs of typical labels (Textfig. 8.2).
On MUnster's death in 1847 the majority of his remaining collection
passed to the Bavarian State Collections in Munich (now the
Bayerische Staatssammlung fur Pal~ontologie und historische
Geologie), and the rest is now dispersed between the Museum fur
Naturkunde, Berlin; Universit~t Erlangen - Nurnberg; Bayreuth
Museum and the British Museum (Natural History).

Most of the specimens which are discussed here derive from
Famennian limestones in the area surrounding Hof, Oberfranken.
MUnster was fortunate in having as the source for these specimens,
and many thousands more, the limestone crushing plant at St.
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Georges Prison, Hof. Here were processed limestones extracted
from quarries which included Elbersreuth, Schubelharnrner,Geuser,
Horwagen (near Naila) and Gattendorf.

The species which MUnster established (MUnster 1832, 1834b,
1839, 1840, 18421 see Chapter 8 for a review of his publications)
have been revised by many authors but none of them has examined
all the available material. Gttmbel (1862, 1863) and Schindewolf
(1923a,b) looked only at the specimens in Berlin and Munich,
which has resulted in some misinterpretation. Although most of
MUnster's originalS were saved from damage in Munich during the
last war, the associated material was lost and the same fate
befell material in Berlin. Consequently significance can now
be attached to the MUnster Collection in the Sedgwick Museum,
Cambridge, because it is a well documented, rich source of primary
materialo Examination of this collection, together with the
various other MUnster Collections, has enabled a fuller recon-
sideration of Munster's species descriptions to be made, than by
previous authors.

Famennian ammonoid taxonomic work relies heavily on the many
species established by MUnster and has always (with the single
exception of Schindewolf 1923a) been conducted outside the area
from which these species were first described. Any attempt to
restudy Famennian ammonoid faunas must have as its basis a thorough
documentation of the species described in the early 19th century
literature, and especially those studied by MUnster. This
chapter attempts to go some way towards this goal and considers
the clymeniids established by MUnster. Some species are omitted
because there is no suitable material available to redescribe them,
but cOllecting from Oberfranken to fill this gap in our knowledge
is now in progress. Species established by other authors are
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discussed where this is relevant.
The systematic classification (see Chapter 4) used here is

based on that developed by Ruzhencev (1957, 1960, 1962) and
Bogoslovskiy (1979b, 1981) and Weyer (1981), which is more com-
prehensive than that of Schindewolf (1957). Any useful modifi-
cation of it must be based on evidence from ontogenetic studies
of well preserved material, which is not available at present.

Abbreviations used throughout were referred to in Chapter 1,
and relevant localities are described later in Chapter 70
Comments on the evolution of the Clymeniida are to be found in
Chapter 4 and 20nal names are discussed in Chapter 3. Data
used in plotting the various graphs in this chapter will be found
at the end.
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Systematic Descriptions

Superorder Ammonoidea Zittel 1884
Order Clymeniida Wedekind 1914

Diagnosis. Ammonoidea with siphuncle situated at the dorsal
margin. Septal necks retrochoanitic.

Description. Shell coiling is spiral or triangular, evolute to
involute, serpenticonic to globose. Maximum size of adults
ranges from 10-2S0mm. Whorl section is quadrate, circular,
re~form .oval or subtriangular. Growth-lines are prorsiradiate,
rectiradiate or rursiradiate, concave, concavo-convex or biconvex,
with a ventral sinus. Ornament is either lacking, or there are
weak or strong ribs, especially near the umbilicus, tubercles at
the lateral shoulders, parabolic tubercles, ventral spines and
flares running around the ventro-Iateral shoulder.

The sutures are simple, lobes and saddles being rounded or
pointed. In its simplest form the mature suture has a ventral,
lateral and dorsal lobe, but can be more complicated by the
addition of ventral saddles, adventitious and umbilical lobes
or saddles. In sagittal section septa appear concave, or more
rarely convex (adorally).

The protoconch is elliptical, or spherical, with a diameter
measured at the nepionic constriction, of 0.8-1.1mm. The pro-
suture is latisellate (Branco 18801 Textfig. 4.2a) and in this
the siphuncle is situated ventrally, migrating to the dorsum in
the first and second sutures (Textfig. 4.2bl Bogoslovskiy 1976).

Two suborders, Gonioclymeniina and Clymeniina are recognised.
In the former the primary ventral lobe persists throughout
ontogenetic development, but in the Clymeniina it is replaced by
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a broad saddle. Some 60 or more genera are distinguished at
present (Textfigs. 4.4,4.5). Asioclymenia Sun and Shen 1965 was
stated by Ruan (1981) to be a junior synonym of Eocanites Librovich
1957. Cycloclymenia, Cryptoclymenia, Discoclymenia and Pseudo-
clymenia have long been recognised to be goniatites.

Horizon and distribution. Clyrneniids are first known from the
sandbergeri or delphinus Zones of the middle Famennian in western
Europe, Urals and N. America, and they range up into the sphae-
roides Subzone, near the Devonian-Carboniferous boundary.
Examples are known from western and southern Europe, North Africa,
Urals, Iran, Pakistan, Australia, south west China and western
and eastern North America.
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Suborder Gonioclymeniina Schindewolf 1923

Diagnosis. Clymeniida with a ventral lobe retained throughout
ontogeny, although divided in some cases by a median saddle.

Description. Shell form is typically evolute with compressed
quadrate whorl section, although some groups are globular or
involute. Growth-lines are concavo-convex, or S-shaped, with a
ventral sinus. Ribbing is common. Suture is variable with up
to seven lobes (between venter and dorsum).

The Gonioclymeniina are divided into three superfamilies
distinguished by their patterns of sutural elaboration I Sella-
clymeniaceae, Parawocklumeriaceae and Gonioclymeniaceae. Sutures
are generally more complicated in this suborder.

Superfamily Sellaclymeniaceae Schindewolf 1923

Diagnosis. Gonioclymeniina in which sutural elaboration takes
place by addition of umbilical lobes, or subdivision of the
ventral lobe.

Four families are recognised within the Sellaclymeniaceae.
Glatziellidae, Sellaclymeniidae, Biloclymeniidae and Wocklumeriidae.
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Family Glatziellidae Schindewolf 1928

Type genusa Glatziella Renz 1913b.
Diagnosis a Sellaclymeniaceae with simple suture consisting of
ventral lobe, sometimes divided by a saddle, lateral lobe and
sometimes umbilical and dorsal lobes. Coiling is evolute to
involute and whorl section depressed to quadrate. Growth-lines
consist of a lateral and ventral sinus. Strong concave ribs are
common.

Two subfamilies are recognisedl Hexaclymeniinae retaining a simple
suture consisting of ventral, lateral and dorsal lobes, and
Glatziellinae in which the suture is elaborated by subdivision of
the ventral lobe, and addition of an umbilical lobe.

Horizon and distribution I The family ranges from the delphinus
to paradoxa Zones. Some authors (Schindewolf 1949b, 1972;
Bogoslovskiy 1976) consider Hexaclymenia, the oldest representative
of the family, to be ancestral to all other clymeniids.

Subfamily Glatziellinae Schindewolf 1928

Diagnosis I Glatziellidae with subdivided ventral lobe.

Description I Suture consists of subdivided ventral lobe, lateral
and internal lobes (Glatziella), and in postglatziella there is

an extra umbilical lobe (Textfig. 4.6). The shell form is varied,
commonly strongly ribbed, and the venter has ventro-lateral grooves
or depressions running around it.

Included general
Glatziella
~glatziella

Renz 1913b
Schindewolf 1937a
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Remarks. Sun and Shen (1965) introduced Sinoglatziella, which
differs from Glatziella only by being smooth shelled and lacking
ornament. No representatives of the Glatziellinae are described

Horizon I subarmata and paradoxa Zones.

Subfamily Hexaclymeniinae Lange 1929

Type genus. Hexaclymenia Schindewolf 1923a, p. 428.
Diagnosis. Member of the Hexaclymeniidae with simple suture
consisting of a dorsal, a lateral and a ventral lobe (Textfig.
4. 1C)•

Included general
Hexaclymenia
ProgoniQclymenia
sOliclymenia

Schindewolf 1923a
Schindewolf 1937a
Schindewolf 1937a

Discussion. Stenoclymenia Lange 1929 has been placed in this
family (Lange 1929). Its relationship to the genus Platyclymenia
Hyatt is uncertain, but the latter is differentiated by the pre-
sence of a ventral saddle. This genus is discussed below.
Weyer (1981) placed SOliclymenia in synonymy with Progonioclyrnenia
and recognised only Hexaclymenia (Hexaclymenia) and Hexaclymenia
(Progonioclymenia), but gave no reasons for his action. Pre-
sumably he united them because of their similar sutures.

Horizon and distribution. Representatives of the family are
known from the middle Platyclymenia Stufe to the lower Wocklumeria
Stufe of the Carnic Alps (Austria-Italy), Oberfranken, Rheinische
Schiefergebirge (W. Germany), south western Poland, southern Urals
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(USSR), and Kweichow,(south western China).

Genus Hexaclymenia Schindewolf 1923a

1981 Hexaclymenia Schindewolf - Bogoslovskiy, p. 38.

Type species I Genuclymenia hexagona Wedekind 1908, p. 619, plo
XLIII, figs. 7.7a, by original designation (monotypy) of Schinde-
wolf (1923a, p. 428).
Diagnosis. Member of the Hexaclymeniinae with whorl section
approaching hexagonal. Flanks and venter are flattened, between
them runs a broad groove and there are distinct umbilical walls
between the flanks and the seam. Growth-lines are concave over
the umbilical walls and flanks, strongly prorsiradiate across the
ventro-Iateral groove, and form a sinus over the venter.

Remarks. Only the type species is known. House (1970, pl. 126)
incorrectly designated the specimen figured by Wedekind (see
above) as the holotype. The type series consisted of six specimens,
so the specimen House figured must be termed the lectotype.
Two specimens of Hex. hexagona from the type locality of Enkeberg,
Sauerland, are illustrated here (Pl. 5.1, Figs. 1-4).

Horizon and distribution. The genus is known from the middle
Platyclymenia Stufe of the Rheinische Schiefergebirge (W. Germany),
and from the southern Urals (USSR) (Perna 1914).

Genus Progonioclymenia Schindewolf 1937a

Type species. See the nominate subgenus.
Diagnosis a Hexaclymeniinae with strong concave or S-shaped ribs.
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Included subgenera.
Progonioclymenia
SOliclymenia

Schindewolf 1937a
Schindewolf 1937a

Remarks. These two taxa, separated as genera by Schindewolf
(1937a), are distinguished only by the presence or absence of a
rim running around the ventro-lateral shoulder, and whorl forma
Progonioclymenia compressed, SOliclymenia depressed, which are
sufficient only for division of subgeneric, or even specific
level.

Horizon and distribution. Schindewolf (1937a) believed that
Progonioclymenia occurred in the ~lymenia Stufe, and Soliclymenia
in the Wocklumeria Stufe. Recently BogoSlovskiy (1981) has
reported SOliclymenia solanoides from the annulata Zone.

Subgenus Progonioclymenia (Progonioclymenia)Schindewolf 1937a

* 1937a Progonioclymenia gen. nov. - Schindewolf, p. 55.
1981 Progonioclymenia Schindewolf - BogoSlovskiy, p. 40

(see here for full synonymy).
1981 Progonioclymenia Schindewolf - Ruan, p. 109.

Type species. Clymenia acuticostata MUnster 1842, by original
designation of Schindewolf (1937a, p. 55).
Diagnosis. Progonioclymenia with quadrate whorl section and
flattened venter, bounded by a rim on the ventro-lateral shoulder.
This definition is essentially unchanged from the review of
Schindewolf (1937a, p. 55).

Description. Shell evolute and serpenticonic. Whorl section
quadrate. The flattened, smooth venter may develop a broad,
median groove in mature specimens. Ribbing is present on the
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flanks, which are bordered by a rim running around the ventro-
lateral shoulder. The ribbing is strong, prorsiradiate or radial,
sinuous, straight or concave and may mod~fy in mature examples
when ventro-Iateral spines can develop. The suture (Textfigs.
S.lB,D) consists of dorsal, lateral and ventral lobes.

Available names include.

aegoceras Frech,

1842, p. 126, pl. XII, figs. 6a-c,
Schubelhammer, Oberfranken.

1902, p. 31, pl. II(I), figs.
5a-b, Grosser Pal, Carnic
Alps.

Bogoslovskiy, 1981, p. 41, pl. II, figs. 5-7,

*acuticostata MUnster,

ventroplana
textfigs. 4c, Sa. R. Kiya,,Aktubinskaya Oblast, USSR.

Horizon and distributiona This subgenus is known from the Clymenia
Stufe of Oberfranken, Rheinische Schiefergebirge (W. Germany),

,
south west Poland, Aktubinskaya Oblast, southern Urals (USSR)
and Kweichow (south west China).

Progonioclymenia (Progonioclymenia) acuticostata (MUnster 1842)

* 1842 Clymenia acuticostata sp. nov. - MUnster, p. 126,
pl. XII, figs. 6a-c.

p.(?) 1863 Clymenia speciosa MUnster - GUmbel, p. 150.
non 1902 Clymenia aegoceras sp. n. - Frech, p. 31, pl. II(I),

figs. 5a-b.
v non 1923a Platyclymenia (?) acuticostata Braun - Schindewolf,

p. 461, pl. XVII, fig. 12.
non 1937a Progonioclymenia acuticostata (Braun) - Schindewolf,

p. 56, pl. I, figs. 1-20
non 1962 Progonioclymenia acuticostata (Braun) - BogoSlovskiy,

pl. XXX, figs. la-b.
non 1981 Progonioclymenia acuticostata (Braun) - Bogoslovskiy,

p. 40, pl. II, figs. 2-4, textfigs. 4d, 5b,c.



126

non 1981 Progonioclymenia acuticostata (Braun) - Ruan,
p. 109, pl. 28, figs. 39-41.

Type materiall The type species consisted of three specimens
from Schubelhammer, Oberfranken (MUnster 1842, p. 126) which are
now missing from the MUnster Collection in the BSP Munich. There-
fore, any definition of this species must be based on Munster's
figure of two specimens (1842, pl. XII, figs. 6a-c),or on similar
specimens. The larger of the two specimens figured by MUnster
(figs. 6a,b) is designated as the lectotype.
Diagnosis I Progonioclymenia (~.) with S-shaped ribs.

Description I Munster shows two fragments which at a whorl height
of 2-8mm have densely, sinUOUSly ribbed, flattened flanks bounded
by a rim running around the ventro-Iateral shoulder, at the margin
of a smooth flat venter.

Dimensions I

WW WH
Lectotype, Munster 1842,
pl. XII, figs. 6a,b.

3.5 6

Remarks. MUnster did not describe a suture for this species.
Therefore it is assumed to have a suture similar to Prog. aegoceras,
from the general morphological similarity of that species.
Authorship of this species is generally attributed to Braun' (see
synonymy list), or even to Bronn (Ruan 1978). However, it must
be given to Munster since there is no evidence 'that Braun wrote the
original description, only that he found and gave the specimens
to Munster, as he had also done for the species Cl. interrupta
and Cl. dorsonodosa (Munster 1842, p. 126).

Frech established (1902, p. 31) a new species, £1. aegoceras,
which had concave ribs at a whorl height of 4mm but was otherwise
similar to Munster's figure of Prog. acuticostata. In the
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explanation to his figures (1902, p. 41, pl. II(I), figs. Sa-b)
Frech referred to the species as "Cl. acuticostata MUnster _
aegoceras". Frech's opinion is not accepted here since the rib
courses are different in the two species. Schindewolf claimed
(1923a, p. 460) to have compared the originals of MUnster and
Frech, and declared them to be conspecific. His opinion is not
followed either, because of the differences in ornamento Un-
fortunately both of these specimens are missing, as is the specimen
from Braunau, Wildungen upon which Schindewolf based his drawing of
the suture (1937a, fig. 6). Two specimens of Progonioclymenia
~goceras are figured for comparison, One (Pl. 501, Figs.7,a,

14, 15, Textfig. 5.lA,B, Mbg. 3130) is from Braunau near Wildungen,
and was figured by Schindewolf (1923~ pl. XVII, fig. 12). Bogos-
lovskiy's figures of a specimen from the Urals (1962, pl. XXX,
figs. 1a-bl 1981, pl. II, figs. 2-4) have ribs which at a whorl
height of between 3.5 and 6mm are straight, and one specimen
(1962 §Pp~ cit., 1981, fig. 4) lacks a rim on the ventro-Iateral
shoulder. They are, therefore, not considered to be conspecific
with Prog. acuticostata.

Horizon and distribution. This species is known from the Clymenia
Stufe of Oberfranken. Korn (l-9ala) has used this species to
name a zone in the Clymenia Stufe. Almost certainly he was
referring~the species described here as Prog. (Prog.) aegoceras.

Progonioclymenia (Progonioclymenia) aegoceras (Frech 1902)
Pl. 5.1, Figs. 5-8,14,15, Textfigs. S.lA,B,D.

* 1902 Clymenia aegoceras SPa nov. - Frech, p. 31, pl. II(I),
figs. Sa-b.

l
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v. 1923a Platyclymenia (1) acuticosta Braun - Schindewolf, .
p. 461, pl. XVII, fig. 12.

1937a Progonioclymenia acuticostata Braun - Schindewolf,
p. 56, pl. 1, figs. 1-2.

1962 Progonioclymenia acuticostata (Braun) - Bogoslovskiy,
pl. XXX, figs. la-b.

1981 Progonioclymenia acuticostata (Braun) - BogoSlovskiy,
p. 40, pl. II, figs. 2-4; textfigs. 4d, 5b,c.

1981 Progonioclymenia acuticostata (Braun) - Ruan, p. 109,
pl. 28, figs. 39-41.

Type material. The hOlotype~which was figured (see above) by
Frech, came from Grosser Pal in the Carnic Alps and has not been
traced.
Diagnosis. Progonioclymenia (Prog.) with concave or radial ribs
and a grooved venter.

Description I Only one specimen, Mbg. 3130, is preserved well
enough to be described. It is serpenticonic, with quadrate
whorl section. The flattened venter has a shallow median de-
pression at a diameter of 15mm. In early whorls, which appear to
have a more rounded cross-sectional shap~ raised concave lirae are
visible up to a diameter of about 4mm (Pl. 5.1, Fig. 15). There-
after broad, concave, slightly prorsiradiate ribs develop, which
become radial on the last whorl seen, numbering 36 ribs. The
weakly grooved venter is bounded by a rim. Growth-lines run
parallel with the ribs over the flanks and form a deep sinus over
the venter (Textfig. 5.1A, Pl. 5.1, Fig. 14).

Schindewolf figured a sagittal section (1937a, pl. 1, fig. 1)
showing the septal necks. These were long, extending 60% of the
distance between adjacent septa at an apertural height of 1.5mm,
and becoming contiguous between the last two septae seen, at an
apertural height of 3.7mm. The external suture, from Mbg. 3130,
is shown in Textfig. 5.1B, and comprises a shallow lateral lobe
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and a ventral lobe. Schindewolf (1937a, textfig. 6) figured a
suture from the same locality as Mbg 3130, and showed a V-shaped
internal lobe (Textfig. 5.10).

Schindewolf included in this species a fragment from Hovel,
Sauerland (1937a, pl. 1, fig. 2), no more than 6mm in length,
showing only two ribs, which at a whorl height of 6mm were sinuous.
It lacked a ventro-lateral rim, and the last rib seen was extended
to form a spine protruding from the ventro-lateral shoulder. It
is, of course, possible that sinuous ribs/loss of ventral rims,
are mature characteristics, and therefore not specifically diag-
nostic.

Dimensions I

D U WW WH
Mbg 3130, Pl.S.l 17.9 10.7 caS 3.7
Figs.7,8,14,lS.
Mbg Pl.S.1, Figs. 15.7 9.9 ca4 3.4
5,6.

Remarks I The relationship of this species to Prog. acuticostata
has been discussed under that species. To compare them material
must become available from the Carnic Alps and Oberfranken.
Most specimens, which previously have been assigned to these two
species, have been collected in the Rheinische Schiefergebirge.

Horizon and distribution I Known from the Clymenia Stufe of the
,Carnic Alps, the Rheinische Schiefergebirge, Aktubinskaya Oblast,

s. Urals and Kweichow. This species was used as an index for the
lower Clymenia Stufe by Wedekind (1914).
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Subgenus ProgOnioclymenia (Soliclymenia) Schindewolf 1937a

1957 Soliclymenia Schindewolf - Schindewolf, p. 140.
1962 Soliclymenia Schindewolf - Bogoslovskiy, p. 401.
1981 SOliclymenia Schindewolf - Bogoslovskiy, p. 42 (see here

for full synonymy).

Type species. Goniatites solarioides von Buch (1838, p. 157,
pl. 1, fig. 5) by original designation of Schindewolf (1937a, p.57).

The holotype of the species was figured by Schindewolf (1937a,
pl. 1, fig. 3) but is now missing from the Museum fur Naturkunde,
Berlin.
Diagnosis. Progonioclymenia with rounde~ depressed (1 ren .iform)
whorl section, lacking a rim running around the ventral margins.

Description. Evolute, serpenticonic,showing triangular to spiral
coiling. Whorl section depressed and rounded. Ornament consists
of strong concave prorsiradiate ribbing on the flanks, and growth-
lines form a deep sinus over the smooth venter. Suture (Textfig.
5.1F) consists of a dorsal lobe, or broad lateral lobe and a
ventral lobe.

Available species names include.
*solarioides von Buch 1838, p. 157, pl. I, fig. 5,

Dzikowiec, poland •
.paradoxa Munster 1839, p. 14, pl. XVI, figs. 6a-d,

Schubelbammer, Oberfranken.
recticosta Ruan 1981, p. 108, pl. 27, figs. 4-7,

textfig. 77, Kweichow.
semiparadoxa Schindewolf 1937a, p. 60, pl. 1, fig. 5,

Dzikowiec, Poland.

Remarks. The designation by Frech (1902, p. 43) of G. solarioides
as the type of Cycloclymenia Hyatt, 1884, was invalid (Schinde-
wOlf, 1937a, p. 57). Authorship of Cycloclymenia was given to
Hyatt by an ICZN ruling (Opinion 182) because GUmbel (1863, p. 100),
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his "Untergattung" Cycloclymenieae. Although Hyatt (1884, p. 314)
failed to nominate a type species for Cycloclymenia he had stated
(1884, p. 313) that he used GUmbel's name in the sense of the
original author. Since GUmbel's Untergattung Cycloclymenieae
contained only the species Planulites planorbiformis MUnster,
1832 this automatically became the type species, by monotypy, of
Hyatt's genus Cycloclymenia.

Horizon and distribution. This subgenus is known from Oberfranken,
Dzikowiec, Bashkirskaya ASSR, and Kweichow, from levels presumed
to lie in the lower Wocklumeria Stufe, but Bogoslovskiy (1981)
reported a specimen from the Platyclymenia Stufe.

Progonioclymenia (Soliclymenia) paradoxa (MUnster 1839)
Textfig. 5.1E

* 1839 Clymenia paradoxa sp. nov. - MUnster, p. 14, pl. XVI,
figs. 6a-d.

1843 Clymenia paradoxa Munster - Munster, p. 41, pl. XVI,
figs. 6a--d, (copy of MUnster 1839).

vp 1937a Soliclymenia paradoxa MUnster - Schindewolf, p. 60,
pl. 1, figs. 4b,6-8.

1981 SOliclymenia paradoxa {MUnster} - Ruan, p. 108, pl. 27,
figs. 1-3, textfig. 76.

Type material. The holotype has been missing from Munich at least
since the time that Frech wrote (1902, p. 63).
Diagnosis. SOliclymenia with triangular coiling, and whorl section
which is depressed and has a venter with two shallow grooves
running around it.

Remarks. Schindewolf described the species using five museum
specimens, which all came from Dzikowiec (formerly Ebersdorf),
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in Poland. The one figured by Tietze (1871, pl. XVI, fig. 4)
is believed to have been destroyed with the collections at Wroc±aw
during the last war, so that the only remaining specimens are in

the GPI, Gottingen, and the British Museum (NH), (BM 66384).

Horizon and distribution. Besides the type locality of SChubel-
hammer, Oberfranken, the species is also known from Dzikowiec,
and Kweichow. Since no examples of Parawocklumeria have been
reported from SchUbelhammer,the species is presumed to come from
the lower Wocklumeria Stufe.
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Family Sellaclymeniidae Schindewolf 1923b

Type genus, Sellaclymenia Hyatt 1884.
Diagnosis. Sellaclymeniaceae with suture consisting of ventral
lobe, which may be subdivided by a saddle, lateral, umbilical and
dorsal lobes, of which the lateral lobe is the largest. Growth-
lines are S-shaped.

Two subfamilies are recognised,
Sellaclymeniinae Schindewolf 1923b
Costaclymeniinae Ruzhencev 1957

Remarks. These two subfamilies, previoUSly given family rank
(Bogoslovskiy 1981), are grouped together here, recognising that
the only difference between them is the divided nature of the
ventral lobe in the Sellaclymeniinae. Although the ontogeny of
the suture in Sellaclymenia is unknown, the ventral saddle is
presumed to have arisen secondarily, on the ventral lobe.

Horizon and distribution. see the included subfamilies.

Subfamily Sellaclymeniinae Schindewolf 1923b

Type genus. Sellaclymenia Hyatt 1884.
Diagnosis. Member of the Sellaclymeniaceae with a suture consist-
ing of a broad ventral lobe divided by a median saddle, a large
lateral lobe, an umbilical lobe, and a dorsal lobe (Textfig. 4.7A).

Included genus.
Sellaclymenia Hyatt 1884

Horizon and distributiona Species occur in the Clymenia and
Wocklumeria Stu fen of Oberfranken and the Rheinische Schiefer-
gebirge (W. Germany).
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Genus Sellaclymenia Hyatt 1884

* 1884 Sellaclymenia gen. nov. - Hyatt, p. 314
1981 Sellaclymenia Hyatt - BogoSlovskiy, p. 50 (see here for

synonymy.

Type species& Clymenia angulosa MUnster 1839 (= Planulites
planus MUnster 1832), by original designation of Hyatt, 1884.
Diagnosis. As for the Sellaclymeniinae.

Description& Evolute with compressed whorl section, parallel
flanks and flattened venter. Shell smooth, or with pronounced
ribs terminated by strong ventro-Iateral tubercles, present on
the phragrnoconeonly. Growth-lines S-shaped with a sinus over
the venter. The suture has a broad ventral saddle, bounded by
shallow ventro-Iateral lobes, broad V-shaped lateral lobe, an
umbilical lobe and a dorsal lobe.

Available specific names include&
*angulosa MUnster 1839, p. 12, pl. XVI, figs. 2a-c,

Schubelhammer, Oberfranken.
planidorsata Munster 1839, p. 36, Gattendorf, Oberfranken.
planus MUnster 1832, p. 32, pl. VI, figso 4a-c,

Schubelhamrner,Oberfranken.
?semicostata Munster 1839, p. 13, pl. XVI, figs. 2a-d,

Schubelhammer, Oberfranken.
spinosa Schmidt 1924, p. 136, pl. 7, fig. 8,a,

Dasberg, Sauerland.
torleyi Wedekind 1914, p. 58, pl. 6, fig. 1, H8vel,

Sauerland.

Remarks& The type species, ~. angulosa, may be a junior
subjective synonym of Sell. plana. This is discussed below.

SellaClymenia planidorsata and sernicostataare two poorly
known species which are regarded as nomina dubia. There are
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two unnumbered specimens in the BSP Munich, which are associated
with a "Cl. planidorsata Gattendorf" label, one of which is a
Kosmoclymenia, and the other is too poorly preserved to identify.

Sellaclymenia semicostata is a species which is difficult
to interpret. MUnster's figure (1839, pl. XVI, fig. 2) shows a
lateral view (fig. 2a) and a ventral view (fig. 2b) of a fragment
of a whorl still attached to a piece of limestone, a fragment of

a larger specimen (fig. 2c) and a Sellaclymenia-type suture
(fig. 2d). The accompanying description (1839, p. 13) stated
that the figured specimen (sic~i.e. singular) was to be found in
de Verneuil's collection, but showed no sutures. This specimen
is presumably the one in figs. 2a,b. MUnster then stated that he
possessed another fragmentary specimen (presumably that in figs.
2c,d) which showed the suture.

Neither of these two specimens has been located (but see
belOW), nor any resembling MUnster's description. Therefore no
types are recognised. If Munster's observations were correct
the species would seem to be diagnosed as a Sellaclymenia with a
quadrate whorl section and strongribbing which runs either prorsi-
radiately or rursiradiately. The ribbing orientation is uncertain
because there is no indication of the direction of the aperture
in MUnster's figures.

GUmbel (1863, p. 150, pl. XIX, figs. 3a-b) figured and
described a specimen which he considered to be MUnster's original
of Cl. semicostata. This specim~n (BSP AS VII 592) has a broad
ventral lobe not divided by a saddle and this, with its small
size and ornament precludes it from being either of the specimens
Munster figured. The sutural ontogeny of Sellaclymenia is
unknown, so this specimen can only questionably be assigned
to Sellaclymenia. The specimen (Pl. 5.10, Figs. 3,4) has inner
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whorls which are smooth, and at a diameter of ca18mm tubercles
are developed on the ventro-lateral shoulder. The maximum
diameter is ca 24mm, therefore this specimen cannot be compared
with either of MUnster's figures of the species, which seem (if
the illustration is at natural size) to have a diameter of at
least 35mm. The ornament on this particular specimen develops
too late for it to be considered as Sell. torleyi 'see below),
and so it is identified as Sellaclymenia sp.

There is in the BSP Munich a specimen (AS VII 591, Pl. 5.10,
Figs. 1,2) associated with a Cl. semicostata label which has
closely spaced straight prorsiradiate ribs, as in MUnster's
figure of semicostata. The ribs continue over the venter, and
form a shallow sinus, centred on a shallow mid ventral depression.
MUnster made no comments about the nature of the venter in his
description. The suture is only poorly visible, yet clearly
shows a deep ventral lobe, and is of Gonioclymenia-type over the
flanks. This then is a specimen, the ornament of which has
affinities with Miinster.'sfigure of semicostata, but also has a
Gonioclymenia-type suture, but only a shallow ventral groove.
It is thus transitional between GOnioclymenia and Kalloclymenia.
It is mentioned here in an attempt to identify £1. semicostata,
but the evidence is too inconclusive to state that it is not a
Sellaclymenia.

Wedekind described~. torleyi as a Gonioclymenia (1914,
p. 58), although he recognised that the ventral lobe was possibly
divided by a median saddle. This latter point has been confirmed
by an examination of the lectotype (RE 551.734.5 A254, Pl. 5.33,
Figs. 2,3, Textfig. 5.2E). Lange (1929, p. 74) recognised that
the species was a SellaClymenia and that~. spinosa Schmidt
(Pl. 5.33, Figs. 15,16, Textfig. 5.20) was synonymous with it.



This species is described below.
Wedekind (1914) referred the Munster species angusta to

Sellaclymenia, apparently by reference to a specimen in Berlin.
No such specimen can be found today, and the species Gon. angustus
will be discussed (see below under Gonioclyrneniidae, Remarks).

Horizon and distribution. The genus is known from Oberfranken,
Rheinische Schiefergebirge (W. Germany), ranging from the Clymenia
Stufe, to the Wocklumeria Stufe (contra Textfig. 4.5).

Sellaclymenia plana (Munster 1832)
Pl. 5.10, Figs. 5-12, Textfigs. 2,3.

Goniatites planus SPa novo - MUnster, p. 30, pl. VI,
figs. 4a-c.

1834b Goniatites planus MUnster - MUnster, p. 92, pl. VI,
figs. 3a-c, (French translation of MUnster 1832).

v* 1832

v 1839

1839
1843

vp 1863

vp 1902

pv
non

1923a
1924

Clymenia angulosa SPa nov. - MUnster, p. 12, pl. XVI,
figs. 2a-c.
Clymenia planidorsata SPa nov. - MUnster, p. 36.
Goniatites planus MUnster - MUnster, p. 23, pl. VIa
figs. 4a-c, (copy of MUnster 1832).
Clymenia angulosa Munster - Munster, p. 40, pl. XVI,
figs. 2a-c, (Copy of MUnster 1839).
Clymenia planidorsata MUnster - Munster, p. 36,
Clymenia angulosa MUnster - GUmbel, p. 149, pl. XIX,
figs. 2a-c.
GOnioclymenia plana MUnster - Frech, non pl. 11(1),
fig. 4, textfig. 6b1_5 (p. 38).
Sellaclymenia angulosa Munster - Schindewolf, p. 485.
Gonioclymenia plana MUnster - Schmidt, p. 140.

Type material. BSP AS VII 594, from Schubelhammer, Oberfranken,
is designated here as the lectotype. The counter-part of this
specimen, MfN c601 (Pl. 5.10, Fig. 10) is in the Museum fur
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Naturkunde, Berlin.
Munster's (1833) catalogue of his collection lists only one

specimen, but the original description (Munster 1832) seems to
use more than one. No paralectotypes have been identified.
Diagnosis I Sellaclymenia with a smooth shell at all stages and
very compressed whorl section.

Description. Two specimens have been examined, the proposed
lectotype, BSP AS VII 594, and the lectotype of Cl. angulosa,
proposed here as BSP AS VII 589.

The first part of the description applies equally to both
specimens. Evolute shell, with compressed whorl section and flat
umbilical area. Whorl section is compressed with umbilical wall,
flat converging flanks and flattly rounded venter (Pl. 5.10,
Figs. 8,11). Growth-lines are S-shaped with a sinus over the
venter (Textfigo 5.2B) strong secondary ornament is absent but
BSP AS VII 594 has very faint ribs on the internal mould, at a
diameter of ca 40mm.

Similar,suture lines are visible on both specimens {Textfigs.
5.2B,C)o Over the flanks the suture'greatly resembles Gonio-
clymenia, but the ventral lobe is divided by a saddle. In
sagittal-section (visible on BSP AS VII 594) one septum shows two
saddles (Pl. 5.10, Fig. 6). The early suture can be seen on
the same specimen at a diameter of ca 10mm and here the elements
are rounded (Pl. 5.10, Fig. 7). (The rounded elements of the
suture at this stage may suggest that Sellaclymenia has a closer
affinity to Biloclymenia than Costaclymenia.) The siphuncle
is visible on BSP AS VII 594 at a diameter of ca 50mm, where it
is reniform, the base being raised, apparently to accommodate the
keel of the wrinkle layer (Textfig. 5.24) •
•

It is approximately
2mm in height and the septal neckS run together to form a contin-
uous tube.
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Dimensions.
D u ww WH

ca17 32.2
vca15 30

9.2 17.3
12.8 20.5
3.8 5.4
5.1 7.6

ca12.5 17.8
ca 8.4 12

Lectotype; BSP AS
VII 594

80.5
75.7

28
27

Lectotype of Cl.
angulosa MUnster
BSP AS VII 589

43.3
34.5

17.8
13.1

Remarks. MUnster's original figure of this species shows (1832,
pl. VI, fig. 9c) a ventral lobe. However, the lectotype so
greatly resembles the figure in other respects, such as size,
ornament, that it is considered that MUnster either figured the
suture incorrectly, or based it on another specimen. MUnster's
description appears to be based on more than one specimen yet the
catalogue of his collection (Munster 1833) refers to one only.
In view of this contradiction the type specimen is referred to as
the lectotype. Similar contradictions can be found in the
references to other species, e.g. §Qn. speciosa and §£n. spuria.
{Even more strange is the reference (MUnster 1832, p. 21) to only
one specimen of Paratorleyoceras globosum, since two are shown
in the original figure (MUnster 1832, pl. IV, figs. 4a-c».

The counterpart (MfN c601) of the lectotype has been recognised
in Berlin, and it is probably this specimen that was referred to
by Frech (1902, p. 39) and Wedekind (1914, p. 57), only the latter
of whom correctly recognised its genus. Schmidt's (1921, p, 333,
1924, p. 140) use of this specific name as a Gonioclymenia was
justified by saying that the specimens he had collected (probably
various specimens of Gen. Nov. ~) resembled MUnster's (1832)
figure. Frech (1902, textfig. 53) also figured a suture of a
Sellaclymenia, which he referred to as ".§.ill. angulata Mstr".
This misnaming may be based on a mistakenly written museum label,
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cf. SM H10402.
Schindewolf (1923a) recognised that the MUnster species

plana and angulosa were synonymous, based on an examination
of the two specimens described here but, inexplicably, gave
priority to angulosa.

An undescribed species of Gen. Nov. A, similar to frechi.
but lacking any ribbing or tuberculation, greatly resembles
Sell. plana, and is differentiated only by the presence of a
ventral lobe.

Horizon and distribution. This species was reported from the
Wocklurneria Stufe by Schindewolf (1923a).

Sellaclymenia torleyi (Wedekind 1914)
Pl. 5.33, Figs. 2,3, Textfigs. 5.2D,E

v* 1914 Gonioclvmenia torleyi sp. nov. - Wedekind, p. 58,
pl. VI, fig. 1.

v 1924 Sellaclvmenia sEinosa sp. nov. - Schmidt, p. 136,
pl. 7, fig. 8.

1929 Sellaclymenia torleyi Wedekind - Lange, p. 74.

Type material. RE 551.734.5 A254, Torley Collection, from Hovel,
illustrated in Pl. 5.33, Figs. 2,3, is proposed as the lectotype.
Diagnosis. Sellaclymenia with compressed quadrate whorl section,
which develops strong ventro-Iateral tubercles after a diameter
of ca 10mrn.

Description. Three specimens have been examined. the lectotype,
RE 551.734.5 A124, a second specimen in the Torley Collection,
and MfN c596, Haarman COllection, Dasberg, which is proposed as
the lectotype of Sellaclymenia spinosa Schmidt 1924, and is regard-
ed as conspecific with Sell. torleyi.



The lectotype is a reasonably well preserved specimen,
fractured, but retaining shell material and showing the suture.
Coiling is evolute, and the whorl section compressed (WW/WH = 0.56).
Early whorls are smooth, and although not sectioned, appear
quadrate. Weak indications of tubercles near the ventro-Iateral
shoulder appear at a diameter of ca 7mm. These rapidly increase
in size and spread across the flank to form weak ribs. Bya

diameter of 38rornthe tubercles protrude at the ventral shoulder,
such that they double the whorl width; their frequency is
approximately 18 per whorl. Growth-lines more widely spaced
over the tubercles, are first visible at a diameter of 22rnrn,
where they are prorsiradiate, weakly S-shaped and form a deep
sinus, U-shaped, over the venter. Over the fraction of the body
chamber which is missing from the lectotype the tubercles and the
ribs must diminish in strength, because at a diameter of 50mm only
the lirate growth-lines remain of the ornament. The venter has
a shallow depression running along it, and the whorl section is
compressed, quadrate, with the flattened flanks converging slightly
onto the venter. A small area of wrinkle-layer is preserved at
a diameter of 28rnm,where, on the venter, there is a series of
subparallel anastomosing striae running from side to side, A
fine string-like keel runs along the middle of the venter, suggest-
ing that the body chamber of this individual extended for a further
quarter whorl, making it just over a whorl in length.

The suture (Textfig. 5.2E) is visible at a diameter of 27rnrn
and shows the characteristic tongue-shaped lateral lobe, and
ventral saddle.

A second, weathered, specimen (RE 551.734.5 A124) from the
type locality, adds little to our knOWledge of the species. /~
Tubercles appear at a diameter of approximately 14mm and the last

septum was formed at a diameter of ca 60mm.
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The lectotype (MfN c596) of ~. spinosa Schmidt, the precise
collecting horizon of which is unknown, resembles Sell. torleyi
in gross morphology, but there are several minor differences,
particularly in the tubercular ornament. Tubercles are developed
later, (D = 11), increase in size more slowly, have a lower
frequency (ca 12 per whorl), are associated with feeble low ribs
at the umbilical shoulder, and have disappeared by a diameter of
ca 30nun. oThe body chamber is preserved through 180 , .and there
are very weak S-shaped plications on the internal mould. Suture
and growth-lines are illustrated in Textfig. 5.2DJ elements of
the suture are somewhat subdued through pOlishing. The growth-
lines have a much shallower ventral sinus where there are no ventro-
lateral tubercles.

Dimensions I

D u WW WH

25.3 10.4 18.7
18 10
16.6 8 12.4
22.7 1203 20
21.3 11 18.9

Lectotype,
RE 551.734.5 A254
RE 551.734.5 A124
MfN c596
(lectotype of ~.
spinosa)

55.9
37.9
36.5
56.1
51

Comparisons. Sellaclymenia plana is easily distinguished by its
lack of strong sculpture. Species of Gonioclymenia and Kallo-
clymenia are difficult to distinguish without knowledge of the
suture over the venter. However they do possess very pronounced
ventro-Iateral tubercles early in ontogeny, which extend ventrally
rather than laterally, and generally these develop into ribs
extending across the middle of the flank (e.g. Pl. 5.4, Figs.
2,3,5).

Remarks, Wedekind included this species within Gonioclymenia,
even though he stated {1914} that there may have been a ventral
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saddle, rather than a ventral lobe. Lange (1929) found a
single specimen at the type locality, and recognised the species,

to belong to Sellaclymenia.

Horizon and distributionl This species is known only from the
Clyrnenia Stufe of the Sauerland where Wedekind reported it from,
Va. (al though there is some ambigui ty in his wording, viz. _"un ter
Laevigata-Kalken-VSJ?· Lange reported his specimen from Va.

Subfamily Costaclymeniinae Ruzhencev 1957

Type genusl Costaclyrnenia Schindewolf 1920.
Diagnosis I Member of the Costaclymeniidae with a suture (Text-
figs. 4.7C,D) consisting of a broad ventral lobe, a broad asym-
metric trough-shaped lateral lobe, a very shallow Umbilical lobe,
centred outside the umbilical seam, and a dorsal lobe.

Included general

Endosiphonites (Costaclyrnenia) Schindewolf 1920
Endosiphonites (Endosiphonites) Ansted 1838
Mesoclyrnenia BogoSlovskiy 1981

Remarks •. Trochoclymenia Schindewolf 1923 may belong in this
subfamily. One of its species, Troch. wysogorskii (Frech) has
a suture with a ventral saddle, a broad lateral lobe, a shallow
umbilical lobe, and a dorsal lobe (Textfig. 4.12C). The other
species (Troch. ornata Petter) has a suture which is homeomorphic
with Costaclymenia, save that it has a ventral saddle (Textfig.
4 .12D)• An alternative, and more likely interpretation, is
that Trochoclymenia is'derived from Platyclymenia by the addition
of an umbilical lobe.
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Comparisons I End. (Costaclymenia) has ribbed or tubercular
ornament, whereas End. (Endosiphonites) is smooth, or nearly so.
Mesoclymenia has a pointed symmetric lateral lobe.

\

Horizon and distributionl The family seems to be largely confined
to the CI~enia Stufe of England, Germany, Poland, USSR, and
probably the USA. The earliest species, End. (Cost.) mUlti-- -
costata, has been reported from· the annulata Zone of Kazakhstan
(BogoSlovskiy 1981). Thus it can be argued that Endosiphonites,
and hence the Gonioclymeniina can be derived from the morphologi-
cally similar Stenoclymenia (see Chapter 4).

Subgenus Endosiphonites (Endosiphonites) Ansted 1838

,
* 1838 Endosiphonites gen. nov. - Ansted, p. 416.

Type species I Endosiphonites muensteri Ansted 1838 proposed
herein.
Diagnosis I Endosiphonites with shallow ventral lobe, and ornament
which is subdued or absent. Prominent ribs are not developed.

Description I This subgenus has weak ornament consisting of small
ventro-Iateral tubercles and faint Plicate ribs, in contrast to
the blunt strong ribs and tubercles of End. (Costaclymenia).

Remarks. This generic name was proposed by Ansted (1838) as a
replacement for Clymenia Munster 1834, on the grounds that the
name better described the distinctive character of the genus,
namely the ventrally positioned siphuncle. Ansted described,
three species as Endosiphonites. !D2. carinatus (SM H4Q11) which
is a Kosmoclymenia ap ,.;End. minutus (SM H4Q12), which is a
~?Clymenia sp., and End. muensteri (SM H4010). The last named
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was the largest and best preserved of the three specimens, and the
one on which Ansted obserVed the position of the siphuncle.
ThereforE7' it is most appropriate that this species should be
formerly designated as the type species and thus legitimize this
long ignored genus., End. (End.) enodis lacks all ornament;, the
holotype (MfN) is illustrated in Pl. 5.2, Figs. 10,11.

Available species names include.

* muensteri Ansted 1838, p. 419, pl. VIII, fig. 1, South
Petherwin.
Miller and Collinson 1951, p. 601, fig. 1,
Hillsboro, New Mexico.
Schindewolf 1926, p. 108, Braunau, Kellerwald.

? bowsheri

enodis

Horizon and distribution. This subgenus is known from the Clymenia
Stufe of south west England, Rheinische Schiefergebirge, Algeria,
and possibly from the USA (New Mexico).

Endosiphonites (Endosiphonites) muensteri Ansted 183a

v* 1838

v 1852

1 1950

v 1960

? 1960

Pl. 502, Figs. 12,13, Textfig. 5.4A

Endosiphonites MUnsteri sp. nov. - Ansted, p. '419,
pl. VIII, figs. 1, 41
Clymenia Muensteri Ansted - MCCoy, p. 402, pl. 2A,
fig. 12, (refiguring of the holotype).
Costaclymenia binodosa Munster - Termier and Termier,
p. 77, pl. CLX, figs. 28-10.
Costaclymenia muensteri Ansted - Selwood, p. 157,
pl. 26, fig. 1, (refiguring of the ho!otype).
Costaclymenia cf. enodis Schindewolf - Petter, p. 12,
pl. III, figs. 10,a-c, textfig. 2B, (refiguring of the
Termiers' specimen).



Type materiall The holotype, SM H4010, from the Petherwin Beds,
Launceston, Cornwall, is refigured here' (Pl. 5.2, Figs. 12,13,. '

Textfig. 5.4A)•
Diagnosis I Endosiphonites with faint ribbing.

Description I Only the hOlotype has been seen. The whorl section
is compressed with flattened, converging ,flanks, and a flatly
rounded smooth venter. The early whorls are smooth. Traces of
ribs appear by a diameter of ca 20mm and there are approximately
30 weak, concave, prorsiradiate ribs in the whorl prior to a
diameter of 45mm. Thereafter the ribs diminish in strength,
becoming more closely spaced, radial and S-shaped on the body
chamber.

Dimensions I

D u ww WH
Holotype, SM H4010
PI.5.2,Figs.12,13

97.8
73

40.4
32.8

15.9
11.8

36
25.7

I

Remarks I In his text Ansted (1838, p. 419) states, It ••• as will
be clearly seen from the figure, shows the siphuncle very clearly·~.
It is equally clear that Ansted's pl. VIII, fig. 1 does,not show
the siphuncle. Selwood (1960, p. 158) drew attention to the fact
that in MCCoy's figure the hOlotype was missing several chambers
and had been subsequently restored. and was noW lacking only one.
It is suggested that this chamber, marked by an "alt in Ansted's
fig. 1, was removed and figured by Ansted separately (pl. VIII,
fig. 4), also marked with an "a'~to show the nature and position
of the siphuncle.

A specimen from Braunau near Wildungen (MfN, Pl. 5.2, Figs.
1,11), figured by Schmidt (1924, pl. 6, figs. 31a) as Costaclymenia
wvsogorskii (Frech) was subsequentlY designated the hoI'otype of
Costaclymenia enodis (Schindewolf 1937a, p. 25) •. As the name
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,suggests this species lacks ornament, although Schmidt (1924,
p. 130) stated that there were traces of umbilical ribs on middle-
sized specimens. In either case the ornament is subdued, there-
fore this species is assigned to'the subgenus End. (Endosiphonites).
Apart from the ribbing the only apparent difference between this
species and End. (End.) muensteri is the whorl cross-sectional
shape, although this is difficult to compare since the holotypes
are of different sizes. End. (Endosiphonites) enodis has almost
parallel whorl flanks and End. (End.) muensteri has converging
whorl flanks.

A series of weak ribs and a whorl section with converging
flanks are visible on the specimen figured by Termier and,Termier
(1950, pl. CLX, figs. 28-30) and Petter (1960, pl. III, figs.
lOa-c), and thus it seems closer to E.u,9. (End.) muensteri than to
~. (Cost.) binodosa (as Termier and Termier suggested) or End.
(End.) enodis (as Petter suggested).

Attention must also be drawn to the resemblance between
End. (End.) muensteri and Falciclymenia bowsheri Miller and Collin-
son (1951, p. 600), I have examined a plaster cast of the holotype
of Falc. bowsheri (SM H7366, Pl. 5.33, Figs. 8,9) in the ,Sedgwick

\

Museum, Cambridge, and I believe that the whorl' section as figured
by Miller and Collinson (1951, fig. 1) has too acute a venter and
that the impressed area is too deep. AlSO the ventral area is
very worn and it is impossible to say whether there was a simple
ventral saddle or if it was divided by a median lobe. Consequently
this species, which lacks ornament, cannot with certainty be
excluded from either Trochoclymenia or~. (Endosiphonites).
Further discussion of this species is presented under Gen. Nov.
F, below.

Horizon and distribution. ~. (~.) muensteri is known from
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the Clymenia Stufe of Cornwall and Algeria, and possibly from New
Mexico, USA.

Subgenus Endosiphonites (Costaclymenia) Schindewolf 1920

.* 1920

1981

\Costaclymenia gen. nov. - Schindewolf, p. 127•
Costaclymenia Schindewolf - BogoSlovskiy, po 44 (see
here for full synonymy).

Type species, Goniatites binodosus Munster 1832, by original
designation of Schindewolf (1920, p. 127).
Diagnosis, Endosiphonites with flanks possessing a ribbed or
strongly tubercular ornament.

Description' Evolute, widely umbilicate, with rectangular com-
pressed whorl section. Strong ribs, fOllowing the same course
as the slightly prorsiradiate concave growth-lines across the flanks,
are sometimes terminated by ventro-lateral and umbilico-lateral
tubercles. Early whorls are smooth. Suture (Textfig. 4.7) with
shallow rounded ventral lobe, broadly rounded lateral lobe, shallow
rounded umbilical lobe outside the umbilical seam, and deep pointed
dorsal lobe.

Available species names include,

* binodosa Munster 1832, p. 31, pl. IV, figs. Sa-b,
Schubelhammer, Oberfranken.

crassa Schindewolf 1921, p. 122, DQID. nude
kiliani Wedekind 1914, p. 61, pl. VI, fig. 4, Dasberg,

Sauerland. ,

multicostata Bogoslovskiy 1981, p. 47, pl. IV, figs. 3,4,
textfigs. 6b, 8, R. Kairakty, Karagandinskaya
Oblast'.
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Remarks I Endosiphonites has priority over Costaclymenia and thus
becomes the nominate genus. Costaclymenia binodosa has been
interpreted by authors (e.g. Schindewolf 1920, 1923a, Lange 1929,
Petter 1960) on the basis of Munster's second (1839) and more

, I
detailed figure (see End. (Cost.) binodosa, below, for a discussion
of MUnster's usage of the specific name). This apparent example
of deliberate misquotation of the type species of Costaclymenia

Ibinodosa could be considered as sufficiently explicit to warrant
invoking the relevant part of the Code (1964,),Article 70(b) on
"Deliberate use of misindentification" which states.

If the type designa~ed for a new nominal genus is
a previously established species, but the designa-
tor states that he employs its specific name in
accordance with the wrong usage of a previous author,
the type species is to be interpreted as the one
actually before the designator, not the one that
correctly bears the name.

The actual statement of Schindewolf (1920, p. 127) was " ••• dem
Genotyp; Costaclymenia binodosa Mstr sp. (Clymenia binodosa
Muenster, a. a. 0." (Munster 1843) "S.24 u. 37, Taf. VIa, Fig.
5a,b, Taf. II, Fig. 3a-c."

,The only figure Schindewolf gave of the suture (1920, fig. 2a)
conforms to Munster's later figure (1839, pl. II, figs. 3a-c)
and the intention of the £29g would seem to be to legitimize
Costaclymenia binodosa Schindewolf 1920, with clymenia binodosa
Munster 1839, pl. II, figs. 5a-c, as its holotype. The precise
wording of Art. 70(b), however, defeats this aim because SChinde-
wolf not only used binodosa in the ~rong usage of a previous
author" (Munster 1839, pl. II, figs. 5a-c) but also in the correct
usage of a previous author (MUnster 1832, pl. II, figs. 5a-c).
Therefore it is the correct oldest usage of binodosa which is
valid and relevant.



Horizon and distribution. This subgenus is known from the Platy-
£lymenia Stufe of Kazakhstan, and the Clymenia Stufe of the
Rheinische Schiefergebirge, Oberfranken (W. Germany), the Holy
Cross Mountains (Poland), Urals and Kazakhstan (USSR).

Endosiphonites (Costaclymenia) binodosa (MUnster 1832)

* 1832

PI.5.2, Fig. 1

Goniatites binodosus sp. nov. - Munster, p. 31,
pl. VI, figs. 5a-b.

1834b Goniatites binodosus Munster - Munster, po 94,
pl. V, figs. 6a-b (French translation of Munster 1832)

non. 1839 Clymenia binodosa Munster - Munster, p. 9, pl. XII,
figs. 3a-c.

1843 Clymenia binodosa Munster - Munster, p. 21, pl. VIa,

non. 1843

non.

non. 1871

non. 1902

non. 1962

p. 1981

figs. 5a-c (copy of Munster 1832).
Clymenia binodosa Munster - Munster, po 37, pl. XII,
figs. 3a-c (copy of Munster 1839).
all subsequent references to binodosa, which are
listed under Costaclymenia kiliani (Wedekind).
Clymenia binodosa MUnster - Tietze, p. 134, pl. XVI,
figs. 10, (non 11), (see Schindewolf 1937a, p. 26)0
Clymenia binodosa Munster - Frech, p. 33, pl. V{IV),
fig. 3.
Costaclymenia binodosa Munster - Ruzhencev, pl. XXX,
figs. 2a-b.
Costaclvmenia binodosa (MUnster) - BogoSlovSkiy,
p. 45, pl. III, fig. 1, pl. IV, figs. 1,2, textfigs.
6a,7.

Type material. A neotype, MfN, from Elbersreuth, Oberfr.anken,
is proposed here.

The hOlotype, from Schubelhammer, figured by Munster (1832),
as a fragment of body chamber, cannot be traced in the BSP.

~
MUnster (1839, pl. XII, figs. 3a-c) subsequently figured another
specimen which he considered to be ,conspecific with it, and there
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are a number of specimens from his collection resembling this later
figure in various museums. None of these is regarded to be
conspecific with the specimen originally figured, and so a neotype,
MfN, labelled as from Elbersreuth (a few kilometres from SChubel-
hammer, and quite possibly from the same locality), Oberfranken,
is proposed.
Diagnosis I Costaclvmenia with spinose ventro-lateral and umbilico-
lateral tubercles, and lacking strong ribs joining them.

Description I MUnster's figure of the holotype (1832, pl. VI,
figs. Sa-b) shows a fragment of body chamber 3Smm in length with
a whorl height of 13mm and a whorl width of 12.Smm, increasing to
1S.Smm over the tubercles which develop on the ventro-Iateral
shoulder. These are joined by a rib to less pronounced tubercles
on the umbilico-lateral shoulder. On the original figure the ribs
are shown ambiguouSly as prorsiradiate and rursiradiate,and with
the umbilico-Iateral tubercles joined by them to either one or ·two
ventro-Iateral tubercles.

A description of the species, conforming with MUnster's first
figure, is based solely on the neotype, MfN, (Pl. S.2, Fig. 1).

This has ventro-Iateral tubercles which are pronounced, being almost
,

spinose, low rectiradiate ribs, numbering 1S in the half whorl
prior to a diameter of 60mm, and a Costaclymenia-type suture visible
on the flank. Most of the phragmocone of the neotype is missing,
so the nature of the inner whorls is unknown.

Dimensions I

D u WH
Neotype, MfN
Pl.S.2,Fig.1.

60 31.S 16.2

Remarks I A neotype must be designated for this widely used species
name because it.has been subject to various interpretations, none
of which have as their basis MUnster's original figure, and no
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specimen from the type series has been traced. Miinster (1839,
pl. XII, figs. 3a-c) figured another specimen without ventro-lateral
tubercles on the body chamber, which he believed was conspecific
with his earlier figure. This is considered to be incorrect, and
specimens resembling this figure are placed in the species End.
(Cost.) kiliani (Wedekind).

Endosiphonites (Costaclymenia) binodosa is the type species
of the subgenus Costaclymenia Schindewolf. However, Schindewolf
and later authors have interpreted this species, and thus the genus,
on the basis of Miinster's 1839 figure (see above).

The course of the suture over the venter cannot be seen on
the neotype, therefore Schindewolf's definition of the suture of
Costaclymenia is questionable. Trochoclymenia Schindewolf 1926,
has a similar suture over the flank, but is distinguished by the
presence of a ventral saddle. If End. (Cost.) binodosa is found
to have a ventral saddle then Trochoclymenia would become a
subjective synonym of Costaclymenia.

Bogoslovskiy has recently (1981) described~. binodosa
using 20 examples from the southern Urals. In the synonymy he
interprets the specific name broadly to include Cost. (Cost.)
kiliani. Three of the examples he illustrated shoW ornament like
the neotype, with tuberCles on the flank margins, laCking strong
ribs running between them, but the other large specimen (D=190),
apart from having no ornament on the last whorl, has strong ribs
at smaller diameters, more like End. (Cost,) kiliani.
/ The highly ribbed specimen which Bogoslovskiy (1962) assigned
to Cost. binodosa, has recently (BogOSlovskiy 1981), been referred
to a different species, ~. multicostata.

Horizon and distribution. This species is known from·the lower
Clymenia Stufe of Oberfranken, the southern Urals and Iran (fide
BogoSlovskiy 1981).



Endosiphonites (Costaclymenia) kiliani (Wedekind 1914)
Pl. 5.1, Fig. 11, Pl. 5.2, Figs. 2-9, Textfigs. 5.4B-F

Clymenia binodosa Munster - Munster, p. 9, pl. XIIi
figs. 3a-c.
Clymenia binodosa Munster - Munster, p. 37, pl. XII,
figs. 3a-c (copy of MUnster 1839).
Clymenia binodosa MUnster - GUmbel, p. 135, pl. XIX,
figs. la-e.
Gonioclymenia Kiliani sp. nov. - Wedekind, p. 61,
pl. 6, fig. 4.

1923a Costaclymenia binodosa Munster - Schindewolf, p. 483.
1929 Costaclymenia binodosa ,Munster - Lange, p. 73, pl. 2,

v , 1839

v , 1843

v , 1863

*. 1914

p , 1981
fig. 17.
Costaclymenia binodosa MUnster ~ BogoSlovskiy, p. 45,
pl. III, fig. 2.

Type material. The lectotype (proposed as the specimen figured by
Wedekind 1914, pl. 6, fig. 4) collected by Wedekind from Dasberg,
Sauerland, cannot be traced at the GPI Gottingen (Jahnke, pers.
corom.), and is believed to be lost.

The holotype is poorly known and was placed originally in
the genus Gonioclymenia (Wedekind 1914, p. 61). However, Wedekind
did not observe a suture, and the growth-lines on the figured
specimen are concave, unlike the S-shaped growth-lines of Gonio-
clymenia. Lange (1929, p. 73) believed that the species was
conspecific with Costaclymenia binodosa.
Diagnosis. Endosiphonites(Costaclymenia) with ornament consisting
of smooth inner whorls. Later tubercles develop on the ventro-
lateral shoulder, which are replaced in mature examples by concave
ribs.

Description. Four specimens were considered. Wedekind's figure,
BSP AS VII 587 {Pl. 5.2, Figs. 8,9),590 (Pl. 5.2, Figs. 3,6,7),

,
The inner whorls, visible onSM H10385 (Pl. 5.2, Figs. 4,5).

BSP AS VII 587 and SM H10385, are smooth with a rounded ,cross-
section. Ventro-Iateral tubercles are developed on BSP AS VII
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587 by a diameter of ca 15mm, and on this specimen and SM H10385,
gradually extend across the flanks to become concave, and then
radial ribs, as the diameter increases and the whorl section
becomes more quadrate and compressed. The ribs diminish in
strength on the body chamber, and protrude less from the ventro-

/

lateral shoulder on BSP AS VII 587, yet remain strongly developed
on SM H10385. The partial sutural ontogeny is illustrated in
Textfigs. 5.4D-F, from SM H10385.

Dimensions I

D U WW WH, R
Lectotype, Wedekind ca52 27 12.5 30
1914,pl.6,fig.4,
(assuming that the
illustration is at
natural size).
BSP AS VII 587 48.9 24.9 v.ca8 13.4

35~2 18.6 6.9 9.5
BSP AS VII 590 60.8 29.4 11 19 ca35

47.8 23.3 8.8 14.7
SM HI0385 13 18 38

, 7.6 9.5 20
5 3.2 11

ca2 ca2.5 3.3

Remarks I The three species of End. (Costaclymenia) can be distin-
guished by their ribbing. End. (Cost.) multicostata has dense,-- -
weakly concave, prorsiradiate ribs. End. (Cost.) binodosa has- -
long been interpreted as having straight or concave ribs and
lacking pronounced tubercles, exemplified by Munster,'s 1839
figure. However, since strong ventro-lateral and umbilico-
lateral tubercles are visible on MUnster's earlier (1832) figure,
this is the way in which End. (Costaclymenia) binodosa has been
redefined here. Gonioclymenia kiliani Wedekind was recognised
by Lange (1929) to be a Costaclymenia, and this is the only
avaiable name for ~.(Costaclymeni~binodosa sensu MUnster 1839
and later authors. It is unfortunate that Wedekind's figured I



specimen has been mislaid, but his photograph of it is adequate
enough for interpretation.

Brugge (1973) has recently studied a carefully collected
sequence across the Platyclymenia!Clymenia Stufe boundary at Alte
Heerstrasse near Schleiz, Thuringia. Here he recorded the in-
coming of Bispathodus costatus costatus (Branson 1934) (the index
for the base of the costatus Zone) in Bed 35, occurring'with species
of Platyclymenia. Above this in Beds 28, 27, 26, 24, and 16 he
recorded Costaclymenia binadosa. Of the two specimens he illus-
trated (MfN c429.6, Bed 26, pl. 1, fig. 5; c429.7, Bed 16,
pl. 2, fig. 1) only the latter (Pl. 5.1, Fig. 11) seems to belong
to this species. The former (Pl. 5.1, Figs. 9,10) is too small
to be identified with certainty, but may be End. (~,) binodosa
s.s. Both have smooth inner whorls and later develop spinose
ventra-lateral tubercles and then a ribbed ornament. From the
same beds Brugge recognised species of Kosmoclymenia and Clymenia,
which are a confirmation of the position of this fauna in the
Clymenia Stufe (but not the earliest Clymenia Stufe).

Horizon and distribution. The species is known from theClymenia
Stufe of the Rheinische Schiefergebirge, Oberfranken, southern
Urals and Kazakhstan. Lange (1929, p. 26) made this species the
index for his lowest Clymenia Stufe zone, Va, but Wedekind stated
that the type came from the upper Clymenia Stufe, VS, of Dasberg.
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Family Biloclymeniidae Bogoslovskiy 1955

Type genus, Biloclymenia Schindewolf 1921
Diagnosis. Sellaclymeniaceae with subinvolute coiling, rounded
venter lacking ornament, and with a suture ranging in complexity
from comprising ventral, lateral and dorsal lobes, to subdivided
ventral lobe, lateral umbilical and dorsal lobes.

Two subfamilies are recognised Pachyclymeniinae (proposed here)
and Biloclymeniinae, the latter having a subdivided ventral lobe.

Subfamily Pachyclymeniinae nov.

Type genus. Pachyclymenia Schindewolf 1937a.
Diagnosis. Biloclymeniidae with simple suture consisting of
ventral, lateral and dorsal lobes (Uraloclymenia), or an additional
lobe (Pachyclymenia) (Textfig. 4.8I,J).

Included general
Uraloclymenia BogoSlovskiy 1977
Pachyclymenia Schindewolf 1937a

Remarks. No species are described here.

Horizon. Examples are known from the annulata Zone and the
Clymenia Stufe. Uraloclymenia is known from the Urals and
Kazakhstan (USSR) and Pachyclymenia from the Kellerwald (W.
Germany),and from the southern Urals (USSR).

Subfamily Biloclymeniinae Bogoslovskiy 1955

Type genus, Biloclymenia Schindewolf 1921.
Diagnosis. Biloclymeniidae with subdivided ventral lobe.



Included general
Biloclymenia Schindewolf 1921
Gen. Nov. C proposed here
Riphaeoclymenia Bogoslovskiy 1981

Remarks. Biloclymenia is not well known, and Kiaclymenia Bogos-
lovskiy 1955 is considered to be a junior subjective synonym of
it (see below). Gen. Nov. C, which has an extra umbilical lobe,
is proposed as a replacement name for Biloclymenia sensu Bogos-
lovskiy, Schindewolf 1937a, non Schindewolf 1921, 1923. Riphaeo-
clymenia described from only one specimen, appears simply to be
an evolute Biloclymenia, and thus may deserve only subgeneric
rank.

Horizon and distribution. Representatives of the subfamily
(Bilocl~enia, Gen. Nov. £) are known from the Clymenia Stufe,
Rheinische Schiefergebirge, Oberfranken (We Germany), Thuringia
(E. Germany), Urals, Kazakhstan (USSR), North Africa, Carnic
Alps (Austria-Italy) and Cantabrian Mountains (Spain). Riphaeo-
Clymenia was recorded from the Wocklumeria Stufe of the southern
Urals.

Genus Biloclymenia Schindewolf 1921

Type species. Clymenia laevis Richter 1848, by original designation
(monotypy) of Schindewolf (1921, p. 167).
Diagnosis. Member of the Biloclymeniidae with an external suture
consisting of a broad ventral saddle with a shallow ventro-lateral
lobe on either side, and a lateral lobe (Textfig. 4.8C).

Descriptions Shell subinvolute with rounded flanks and venter.
Growth-lines are S-shaped over the flankS and there is a sinus
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over the venter. The internal suture consists of an umbilical
lobe and a dorsal lobe.

Included species.

adversa

Richter 1848, p. 30, pl. III, figs. 81,2,
Saalfeld, Thuringia.
Richter 1848, p. 29, pl. III, figs. 75i6,

*laevis

Saalfeld,Thuringia.
?bilobata Munster 1839, po 11, pl. II, figs. 6a-c,

Schubelhammer, Oberfranken.
semiplicata BogoSlovskiy 1981, p. 63, pl. VI, fig. 10, text-

fig. 18c, Kiya River, Aktyubinsk Oblasti, s. Urals.
Richter 1848, p. 30, pl. III, figs. 79,80,sinuata

uralica
Saalfeld, Thuringia.
BogoSlovskiy 1955, p. 136, figs. 1a-d, Kiya
River, Aktyubinsk Oblast', s. Urals.

Remarks, Schindewolf considered that he had established this genus
in 1923 (Schindewolf 1923a,b) with type species £10 bilobata
Munster, which he diagnosed (1923b, fig. 4d) as having a suture
with the same elements as Biloclymenia laevis Richter, (see Text-
fig. 4.8D). Schmidt (1923) reported briefly on the goniatites
and clymeniids described by Richter (1848), and suggested that
Cl. laevis was synonymous with CyIDaclymenia obesa (Richter). In
1924 Schindewolf published a description of the ammonoid faunas
of the Famennian of the Saalfeld region, whence Richter had
derived his material. Here he stated that Biloclymenia laevis
and bilobata could be distinguished from one another by their
whorl cross-sectional shape. ~. laevis was compressed with
whorl height greater than whorl width, and Bil. bilobata was
depressed with whorl height equal to whorl width. In the original
description of Cl. laevis, however, Richter (1848, p. 30) states
that liD= 1", {i.eo the ratio of whorl height to whorl width was
equal to one)o Too much attention should not be paid to this,
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except to point the apparent contradiction, since fossilS from
Saalfeld are strongly deformed (e.g. Richter 1848, pl. IV), and
thus extremely difficult to interpret.

Later, Schindewolf (1937a) modified his ideas still further
and using material from Beil (Balve) and Enkeberg, redefined
Biloclymenia by its suture. The dimensions of the specimen or
specimens on which the figures were based were not stated, nor.
can the relevant material be traced, but a mature suture (fig. 10)
was shown consisting of a shallow secondary ventral lobe and ventro-
lateral lobe, a lateral lobe, two umbilical lobes and a dorsal
lobe (Textfig. 4.8B, S.2I). Schindewolf assumed that this
represented the adult suture of Biloclymenia, modified by the
formation of an extra lobe at the umbilicus, and modification
of the low ventral saddle by the addition of a secondary ventral
lobe. He made no attempt here to discriminate between species
of Biloclymenia, all figures were assigned to Bil. bilobata.

This interpretation of the ontogeny of the suture of Bilo-
clymenia was contradicted by BogoSlovskiy (19S5) who interpreted
Bil. bilobata on the basis of Schindewolf's figure of the mature
suture (1937a, fig. 10) and established a new monospecific genus,
Kiaclymenia, for specimens with a suture similar to Biloclymenia
sensu Schindewolf, 1923b (Textfig. 4.8C).

A satisfactory solution to this problem can as ever, only be
found by looking at the original statements and figures. Firstly
the establishment of Biloclymenia Schindewolf dates, not from the
time of definition (1923) but from the time of.first usage. This
was in a faunal list (Schindewolf 1921, p , 167) and l.aevisRichter
was the only included species. The justification for this
decision can be found in the'~,Articles 12 and 16 (a)(v) which
state (12) that "••• a name published before 1931 must have been
accompanied by a description, definition or indication {Art. 16)",
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and (16(a){v», "The word 'indication' includes 'the citation,
in combination with a new genus group name, of one or more
available specific names.'''.

When interpreted this way the type species of Biloclymenia
Schindewolf 1921 remains poorly known. Richter's illustration
(1848, plo III, figso 81,2) and original material are poor, and Cl.
laevis Richter may itself be a junior subjective synonym of Cl.
adversa or Clo sinuata, which were described earlier in the same
text. Dr. D. Weyer (Magdeburg) has informed me that he has
collected Biloclymenia 'from the type-area of Bohlen, seen Richter's
material in the Zentrales Geologisches Institut (Bernau, outside
Berlin) and that a revision is in progress.

Biloclymenia bilobata is considered in greater detail below.
Briefly Munster's figure (1839, plo II, figs. 6a-c) shows an
external suture consisting of a broad, deep ventral lobe, a lateral
lobe and an umbilical lobe, and thus it resembles neither Bilo-
clyrnenia s.s. nor Biloclyrnenia sensu Schindewolf 1937. Schinde-
wolf seems to have based his later interpretation of ~. bilobata
on GUmbel's figure (1863, pl. XIX, figs. 4) which he had claimed
was Munster's original.

If we accept Bogoslovskiy's evidence that his suture drawing
of Kiaclymenia (Biloclyrnenia sos.) is based on a mature example,
which is likely (WW = 13.6, WH = 13.7), then Kiaclymenia becomes
a subjective synonym of Biloclymenia Schindewolf 1921 and Bilo-
clymenia sensu Schindewolf 1937, fig. 10, with its additional
lobes may deserve an independent generic name, since it is also
based on a mature specimen, and is referred to here as Gen. Nov. C.

Horizon and distributionl The genus is known from the Sauerland,
Oberfranken (W. Germany), Saalfeld (El Germany), Carnic Alps
~ustria-Italy), Cantabrian Mountains (Spain) and the southern
Urals (USSR) I



1 6 ~

Biloclymenia bilobata (MUnster 1839)
Pl. 5.11, Figs. 2,5,6, Textfigs. 502F-H

." 1839 Clymenia bilobata sp. nov. - MUnster, p. 11,.pl. II,
figs. 6a-c.

1843 Clymenia bilobata Munster - MUnster, p. 39, pl. II,
figs. 6a-c.

non 1863 Clymenia bilobata Munster - GUmbel, p. 147, pl. XIX,
figs. 4,5.

Type material. Two syntypes, BSP AS VII 524 and 525, have been
traced but since these are both juveniles neither has been proposed
as the lectotype. No new material has been collected and so the
species is currently regarded as a nomen dubium.
Diagnosis. Biloclymenia, shown with compressed whorl section in
Munster's figure.

Description. The two specimens from Schubelhammer, Oberfranken,
housed in the BSP are used in this description.

The two syntypes are small (dimensions below). One (BSP
AS VII 525) has been broken and polished to show the suture
(Textfig. 5.2F), the other (BSP AS VII 524) shows no suture, and
therefore may not belong to this genus. This second specimen
(Pl. 5.11, Figs. 2,5,6, Textfig. 5.2G) however, has written upon
it "C ii 6", which is taken as a reference to MUnster's figure,
and on this evidence it is regarded as a syntype. This figure
(1839, pl. II, figs. 6a-c) shows a subinvolute ammonoid (dimensions
below) with a c~mpressed whorl section~ and a broad rounded venter.
The description (p. 11) made no reference to ornament and none is
visible in the figure. The external suture (fig. 6c) comprised
two lateral lobes and a broad lobe over the venter.

A cross-section of BSP AS VII 525 is illustrated here (Textfig.
5.2H) along with the suture. Its course over the umbilicus is

not clear since the wall has been broken away. The other



16~

remaining syntype BSP AS VII 524, is illustrated in Pl. 5.11,
figs. 2,5,6, but the photographs reveal little apart from the gross
morphology, a ventral keel (part of the wrinkle-layer), weak
umbilical ribs, growth-lines which are S-shaped, and swing for-
wards strongly over the ventro-lateral shoulder.

Dimensions I see Biloclymenia spo below.

Remarks. This species is no longer regarded as the type of Bilo-
clymenia. No other material from the type area has been traced,
either in museums or by recent collecting, and so instead of
resurrecting this species by choosing a neotype, it will be allowed
to fall into disuse, and be regarded as a nomen dubiurn, since in
the absence of suitable type material it can never be accurately
defined. The dimensions of the specimens figured by Munster
and Richter as Cl. bilobata and Cl. laevis seem similar, but
these are taken from the original drawings and are not considered
sufficient to place the two species in synonymy.

Horizon and distribution. All known specimens were collected from
Schubelhammer, Oberfranken, and are presumed to be from the ,
Clymenia Stufeo

Biloclymenia sp. ~
Pl. 5011, Figs. 7-10, Textfigs. 5.2J-L

Material. Three specimens from the Sauerland, two of which are
housed in the MfN (one being figured by Schindewolf 1937a, pl. 1,
fig. 10), and another, KW 2091, from Kasberg, Langenholthausen
(Balve) in the cOllection of Dr. K. Wunderlich.

Description. The three specimens are illustrated in Pl. 5.11
{Figs.7-10)0 The best preserved is KW 2091 (Figs. 7-10).
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The subinvolute coiling and rounded cross-sectional shape can be
see in Textfig. S.2L. Growth-lines are not preserved on the dorsad
part of the flanks, but are probably biconvex. There is a salient
over the ventro-1ateral shoulder and a broad sinus over the venter
(Fig. 7), where there are shallow grooves, parallel with the
growth-lines. Such grooves are also visible near the umbilico-
lateral shoulder (Fig. 10). Also visible on Fig. 10 are small
tubular structures which are the tests of 'cemented arenaceous
Foraminifera. The wrinkle-layer, a series of radial, slightly
sinuous ridges appears to cover the attached Foraminifera, as it
does also a part of the cemented pedicle valve of a disciniscid
brachiopod. This suggests that both the Foraminifera and the
brachiopod attached themselves during the life of the ammonoid,
and were subsequently sealed in when the next whorl of the ammonoid
reached that point.

The body chamber was at least 3600 in length. The external
suture' <Fig. 9, Textfig. S.2J,K) consists of a lateral lobe and
an umbilical lobe only, and there is no subdivision of the broad
ventral saddle, even at a whorl height of 20mm.

Figure 1 is of a specimen from Beil which shows growth-lines
which are concavo-convex rather than biconvex, and has faint
plicate ribs on the flankS near the umbilical shoulder. The
specimen in Figs. 3 and 4 is illustrated simply to show the
morphology of the specimen which was sectioned by Schindewo1f
(1937a, pl. 1, fig. 10) to show the nature of the siphuncle.
This has a diameter which varies between 15 and 25% of the whorl
height, between diameters of 15 and 27mm. The septal necks run
into one another to form a continuous tube.
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Dimensions I

D U WW WH AH

2091 69 14.7 20.2 31 19.6
45.4 8.9 18.5 20.0 13.0
32.5 6.5 12.4 15.6 9.9
15.9 3.1 7.1 7.4 5.0
7.6 1.2 3.7 3.5 2.5

bilobata sensu auctt. 34.5 6.1 6.9 17.3 10.3
MfN = Schindewolf 26.2 5.0 6.1 13
1937a, fig.l0.
Munster 1839, pl.II 26.3 6.0 10.5 13 8.5
fig.6.
GUmbel 1863, pl.XIX 25.2 7.5 11 12 7
fig.4
Richter 1848, pl.III 20 4 8.5 8.5
fig.81.
BSP AS VII 524 11.1 3.8 5.5 4.35
BSP AS VII 525 4 3.5

Remarks I The conclusions of the discussion of Biloclyrnenia so
far have been its diagnosis without further comment on the type
species, for lack of information, and an inconclusive description
of Bil. bilobata. This suggests that the genus is only poorly
known, yet this would be a false impression since authors have
provided good descriptions and illustrations (Petter 1960,
Kullmann 1960, Bogoslovskiy 1981).

'Horizon and distribution I The age of these specimens cannot be
stated with certainty. Only the lower part of the clymenia
Stufe has been proved at Beil, and the specimen from Langenholt-
hausen was found in association with Kosmoclymenia and is considered
to be from the middle Clymenia Stufe. There is no evidence
of the age of the specimen from Enkeberg.

•
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Family Wocklumeriidae Schindewolf 1937

Type genusl Wocklumeria Wedekind 1917
Diagnosisl, Sellaclymeniaceae with constricted globose shell form
and triangular coiling in early whorls, at least. Suture
comprising ventral, lateral, three umbilical'and dorsal lobes.

Included general
Wocklumeria Wedekind 1917
Epiwocklumeria Schindewolf 1937a

?Synwocklumeria Librovich 1957

Remarks I It is not apparent to me how BogoSlovskiy (1981) dis-
tinguishes Epiwocklumeria and Synwocklumeria. They appear to
be homeomorphic yet he suggests that their similar sutures are
derived in different ways, ioe. Epiwocklumeria "VUU1IU1ID",
Synwocklumeria "vuu1'U2ID" (Textfig. 4.8E,F), but he provided no
sutural ontogenies to substantiate his opinion.

Horizon and distribution. This distinctive family is known only
from the sphaeroides Subzone of England, Brittany, Rheinische
Schiefergebirge, Thuringia, Poland, Carnic Alps (Austria-Italy),
Montagne Noire, Urals, Caucasus (USSR) and North Africa.
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Superfamily Parawocklumeriaceae Schindewolf 1937

Family Parawocklumeriidae Schindewolf 1937

Diagnosisl Gonioclymeniina in which ventral and dorsal lobes
either become divided during ontogeny, or replaced by saddles.

One family is recognised, Parawocklumeriidae, containing three
general

Parawocklumeria
Kamptoclymenia
Triaclymenia

Schindewolf 1926
Schindewolf 1937a
Schindewolf 1937a

Remarks. The typical globose, triangular shell form of this
family resembles that of Wocklumeriidae, which can be found in
the same stratigraphic horizons. Fundamental differences in
sutural pattern distinguish these homeomorphic groups (see
Chapter 4). No examples are described here.

Horizon and distribution. Representatives are widely known from
the paradoxa Zone of England, Brittany, Germany, Poland, Urals,
Carnic Alps, Montagne Noire, and south western China.
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Superfamily Gonioclymeniaceae Hyatt 1884

Only one family is recognised, the Gonioclymeniidae.

Family Gonioclymeniidae Hyatt 1884

Diagnosis. Gonioclymeniina with suture comprising ventral,
adventive, lateral, umbilical and internal lobes, which elaborate
by addition of further adventive and umbilical lobes. Shell form
is discoidal, coiling evolute, with compressed whorl section.

Two subfamilies are recognised. Gonioclymeniinae and Spheno-
clymeniinae.

Horizon and distribution. Representatives are ~own'from the
Clymenia and Wocklumeria Stufen of England, Germany, poland,
Urals, Caucasus 'USSR), North Africa, Carnic Alps and Montagne
Noire (France).

Subfamily Gonioclymeniinae Hyatt 1884

Type genus. Gonioclymenia Hyatt 1884.
Diagnosis. Gonioclymeniidae with stable sutural composition
comprising ventral, adventitious (= ventro-lateral), lateral,
umbilical and dorsal lobes.

Description. Coiling is evolute, shell form discoidal and whorl
section compressed. Growth-lines are S-shaped with a ventral
sinus. Ribs are common and tubercles or spines are developed
in some cases. Septa are concave in sagittal-section, and septal
necks long and contiguous.
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Included general
Goniocly!!!enia(GoniOCI:lmenia) Hyatt 1884
Goniocly!!!enia(KalloCI:lmenia) Wedekind 1914
GonioCl:lmenia (Subgen. Nov. A) proposed here
Goniocly!!!enia(Subgen. Nov. B) proposed here

Remarks. Otoclymenia Schindewolf 1923a is regarded as a synonym
of Kalloclymenia Wedekind 1914. Two new subgenera are proposed
here and are discussed below.

MUnster described many species which can now be recognised
as belonging to the Gonioclymeniinae. Many were distinguished
by trivial differences in sutural shape or ribbing. Unfortunately
they were poorly illustrated and good type material is lacking,
so that most of these names must be regarded as nomina dubia.

All of the available MUnster species names are listed below,
and, where possible they are assigned to a subgenus.

bucklandii,

1 MUnster 1839, po 27, pl. XVIII, fig. 4,
later (1840, p. 110) as arcuatus, Schubel-
hammer, Oberfranken.
1 Subgen. Nov. A. Munster 1839, p. 28,
SchUbelhammer, Oberfranken.
1 MUnster 1839, p. 26, pl. XVIII, fig. 5,
Schubelhammer, Oberfranken.

canalifer, Gonioclymenia. MUnster 1839, p. 26, pl. XVIII,

angustus,

arguatus,

fig. 2, SchUbelhammer, Oberfranken.
clymeniaeformis, 1 Subgen. Novo A. MUnster 1839, p. 24, pl.

XVII, figso 4a-c, Gattendorf, Oberfranken.
cottai, GOnioclymenia. MUnster 1839, p. 25, SChubel-

hammer, Oberfranken.
preslii, GOnioclymenia. MUnster 1839, p. 24, pl. XVII,

figs. 3a-c, Schubelhammer, Oberfranken.
roemeri, Gonioclymenia. Munster 1839, p. 27, pl. XVIII,

fig. 3, SchUbelhammer, Oberfranken.
speciosa, GonioClymenia. MUnster 1831a, p. 177,

Heinersreuth (= SchUbelhammer 1) Oberfranken.
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subcarinata,

Kalloclymenia. MUnster 1832, p. 28, pl. VI,
figso2a-c, Schubelhammer, Oberfranken.
Gonioclymenia. Munster 1839, po 25, pl. XVIII,
figs. 1a-c, Schubelhammer, Oberfranken.
Gonioclymenia. MUnster 1832, po 30, Elbers-
reuth and Schubelhammer, Oberfranken.

subarmata,

spuria,

Because some of these names cannot be assigned to particular
genera they will all be discussed here. Gonioclymenia speciosa,
Gon. subcarinata and Kallo subarmata are the only Munster names
to have achieved universal usage in the literature. Frech (1902,
p. 39) used Gono plana MUnster and listed Gon. subcarinata, preslii
and canalifer as being synonymous with it, basing his views on
material in the Museum fur Naturkunde in Berlin. Wedekind re-
examined the Berlin material and gave a description (1914, p. 62)
of Gon. plana which agreed with MUnster's description and he
made Q2n. plana sensu Frech a synonym of either QQn. speciosa or
subcarinata. Schmidt (1921) later used the name QQn. plana but
this species belongs to the genus Sellaclymenia, which was pointed
out by Schindewolf (1923a). Schmidt also used the names Q2n.
cottai and QQn. interrupta (1921, p. 332,333). He regarded
Gonioclymenia cottai to be a variety of speciosa, and he distinguish-
ed it from other species of Gonioclymenia by its flattened sides,
deeper ventral groove and closely packed sickle-shaped ribs,
numbering 36 in the whorl prior to a diameter of 25mm. Adding
to this description (1924, p. 139) he said that the variety had
sickle-shaped growth-lines with the convex part being more
forwardly curved than in the normal typeo MUnster had described
(1839, p. 25) the species as similar in size and suture to G.
preslii, but with more closely spaced ribs. The description of
G. preslii was based on an example two inches in diameter (1839,
p. 24). Therefore the small specimen (BSP) which was figured by
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GUmbel as MUnster's original (1863, pl. XIX, figs. 8a-d) is
clearly not MUnster's type specimen, and since MUnster did not
figure an example the name cannot with certainty ever be assigned
to a particular specific description. Furthermore GUmbel's
figure (1863, pl. XIX, figs. 8a-d) of this specimen shows the ribs
to be more densely spaced than they actually are (see Pl. 5.4,
Fig. 3).

Schmidt's use of the name Gon. interrupta is also of question-
able value. No specimens collected by MUnster can be examined
today, nor did Schmidt state that his usage of the name was based
on an examination of any type material. MUnster's description
and figure of CID interrupta (1842, p. 126, pl. XII, figs. 3a-b)
show a flatly discoidal ammonoid with falcate growth-lines, every
fifth or sixth one being raised to form a rib, of which there are
11 - 12 in early whorls, but ca 20 in the whorl preceding a diameter
of 40mm. The ribs and growth-lines form a sinus over the venter
which is bounded by a pair of longitudinal grooves, similar to
those at present in the species Kosmoclymenia bisulcata (MUnster).
This latter feature precludes the species, sensu MUnster, from
being a Gonioclymenia since it has no median ventral groove.
Unfortunately MUnster did not figure a suture and even though his
figure is relatively detailed it is not possible at present to
equate this with a particular species, nor even assign it to a
genus. Schmidt distinguished his species interrupta on the basis
of spines developed on the ventro-Iateral shoulder, present up
to a diameter of at least 25mm. I have been unable to trace
Schmidt's specimen in Berlin but it is likely that it is related
to Subge~. Nov. B brevispina (Lange) •. Czarnocki (in Miller and
Zwierz, 1970) also used the name !!!l. interrupta presumably in

the same sense as Schmidt, as did Bogoslovskiy (1981).



A digression is necessary here to discuss the names intro-
duced by Czarnocki, who between 1909 and the Second World War
published a series of papers (see Ruhle 1972, p. 120-1) on the
stratigraphy and the palaeontology of the Devonian and Carboni-
ferous of the Holy Cross Mountains of Poland. He prepared, but
never published, a monograph on the ammonoid faunas of the Upper
Famennian in which he intended to introduce at least 16 new
generic and 131 new specific names. His museum labels appear to
have been used in a catalogue of the Palaeozoic fossils deposited
in the Geological Institute in Warsaw (Miller and zwierz 1970).
These names were subsequently given wider publication in a cata-
logue of fossils forming part of the series, Geology gf Poland
(Ruhle 1972). Thus all of Czarnocki's taxonomic names were
introduced to the literature without description, and are nomina
nuda.

There are remaining in Munich, Berlin and Cambridge examples
of the species G.,arguatus (1839, p. 27) and g. canalifer (1839,
p. 24, pl. XVII, figs. 3a-c). None can be well described
because of the state of the preservation of the material. MYnster
distinguished his species g. arguatus by its suture, which had
angular lobes and saddles, with the exception of the ventral
lobe which was shallow. An unnumbered specimen in Munich which
is labelled as g. arguatus has a suture like Sphenoclymenia
maxima and therefore cannot be the specimen Munster figured.
MUnster's description of the species is unlike that of any other .
Gonioclymenia. They all have deep, pointed ventral lobes, unless
there is material missing from the venter,(which is a possible
explanation in this case} although Kall. subarmata has a wide
ventral lobe (Textfig. 5.9A). Schmidt (1921, p. 332, teXtfig. 7c)
figured the suture of Kall. biimpressa (von Buch), which had
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similar proportions, but he later (1924, p. 139) changed this
identification to Kall. subarrnata (MUnster).

Three extant specimens labelled as G. canalifer in Berlin
(unnumbered), Munich (unnumbered) and Cambridge (8M H10408),
although well preserved, are similarly of little diagnostic useo
Munster's description (1839, p. 26) was based on a large example.
This is shown by the size of the suture that he figured (1839,
pl. XVIII, fig. 2). He distinguished the species by its straight,
prorsiradiate ribs and its grooved venter.

There is one unnumbered specimen of the species G. preslii
(MUnster 1839, p. 24, pl. XVIII, figso 3a-c) remaining in Munich.
This is highly weathered and bears little resemblance to MUnster's
figure, which showed a compressed high whorl section and straight
radial ribs. Frech figured an apertural view of a specimen from
Berlin under the name ggn. plana (MUnster), but identified it as an
original of Q. preslii MUnster'(1902, p. 39, pl. 11(1), fig. 4b,
textfig. 6bl_4 (p. 38». GUmbel's figure of MUnster's original
differs from MUnster's figure by having falcate, not straight
ribs, at a diameter of 35mrn,and a whorl cross-section which is
more depressed with converging flanks and a deep ventral groove,
in contrast to the compressed whorl section with parallel flanks
and shallow ventral groove in the original figure. MUnster's
figure of Q. preslii (pl. XVIII, fig. 3c) has a suture with rounded
lobes and saddles, which shows it to be an immature form. Frech's
figure of the suture (11897, p. 177k, textfig. 6bl_4, and 1902,
supra cit.) from a larger specimen, is also of little use in
more accurately diagnosing the species.

MUnster described a species G. spurius (1832, p. 30) which
he did not figure. This, he said, had the shell shape of G.
speciosus, the suture of G. subarmatu.s and the ornament of G.
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planus. One specimen exists in the Sedgwick Museum, Cambridge,
but this (SM H10408) is badly weathered and cannot be the basis for
a detailed description, save to say that it is a species of
Gonioclymenia. MUnster's description.is closest to Gonioclymenia
subcostulata Petter.

There were other species, which, from MUnster's scant
descriptions, appear to be gonioclymeniids. They were distin-
guished by him on the basis of their suture, a characteristic
which shows more variability within a specimen during its growth,
than between species at similar dimensions. These distinctions
are therefore largely invalid. Two species are not represented
by existing specimens. G. Bucklandii (1839, p. 28, pl. XVIII,
fig. 5) and G. Roemeri (1839, p. 27, pl. XVIII, fig. 3).

Genus Gonioclymenia Hyatt 1884

Type species. Goniatites speciosus MUnster 1831, by original
designation of Hyatt.
Diagnosis. Gonioclymeniidae with a suture consisting of a ventral
lobe, three lateral lobes, and a dorsal lobe, all of which are
pointed.

Description. See the separate subgenera below.

Horizon and distribution. As for Gonioclymeniinae.

Subgenus GOnioclymenia (Gonioclymenia) Hyatt 1884

Type species. Goniatites speciosus MUnster 1831, by original
designation of Hyatt (1884, p. 314).
Diagnosis. Gonioclymenia with a grooved venter.
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Description. Evolute with compressed whorl section and converging
flanks. Early whorls with an ornament consisting of spines on
the ventro-lateral shoulders,developinginto ribs,
which later disappear, on the body chamber. A ventral groove
is present on the phragrnocone but may disappear on the mature body
chamber. Growth-lines are S-shaped over the flank with a ventral
sinus. Maximum size is large for clymeniids, attaining a diameter
of 30 centimetres.

Available species names include.
*speciosa
?corpulenta

hoevelensis

kiensis

levis

praematura

subcarinata

subcostulata

tornguisti

MUnster 1831, p. 177, Heinersreuth, Oberfranken.
BogOSlovskiy. 1981, p , 85, plo XIV, figs. la,b,
textfigo 36b, Kiya River, Akt. Oblasti.
Wedekind 1914, p. 58, pl. 6, figs. 2a-b, pl. 5,
fig. 7, Havel, Sauerland.
Bogoslovskiy 1~81, p. 82, pl. IX, figs. 2a,b,
textfig. 34, Kiya River, Akt. Oblasti.
Bogoslovskiy 1981, p. 83, pl. X, figs. 1,2,
textfig. 35, Kiya River, Akt. OblastI.
Wedekind 1914, pl. 6, figs. 6a-c, Havel,
Sauerland.
MUnster 1839, p. 25, pl. XVIII, figs. 1a-c,
SchUbelharnrner,Oberfranken.
Petter 1960, p. 14, pl. 1, figs. la,6a,12a,
textfigs. 2E1, Kreb oued Arnerloh, Tafilalet,
Algeria.
Wedekind 1914, p. 64, pl. 5, fig. 4a-b, pl. 6,
fig. 7, pl. 7, fig.2, H8vel, Sauerland.

Remarks. Only two MUnster species are recognised, QQn. subcarinata
and Gon. speciosa. Species have been established by other
authors, such as Gon. praernatura, tornguisti and hoevelensis
Wedekind but these are based on minor differences in ribbing and
sutural form observed on only few specimens. These cannot be
recognised as useful species until more specimens have been
collected and studied. Descriptions of the types of these species



can be found in Wedekind 1914, and they are amplified below in cases
where type material was available. Yet more species established
by Wedekind (1914) are now recognised as belonging to other genera,
namely Sellaclymenia torleyi, Costaclymenia (Cost.) Kiliani and
Gon. (Kalloclyrnenia) crassao MUnster was responsible for ,naming
many species subsequently included within Gonioclymenia. These
have already been discussed (see above, Gonioclymeniinae).

Horizon and distribution. This subgenus is known from the Clymenia
Stufe of Launceston (England), Cantabrian Mountains (Spain),
Montagne Noire (France), Carnic Alps (Austria-Italy), Oberfranken,
Rheinische Schiefergebirge (Wo Germany), Thuringia, Sachische,
V8gtland (E. GerJ;lany),Holy Cross Mountains (POland) and the
southern Urals (USSR).

Gonioclyrnenia (Gonioclymenia) speciosa (MUnster 1831)
PI. 5.3, Figs. 1,3,4,7-9, Plo 5.4, Figs. 1,8, Textfigs. 5.7A,B.

* 1831
1832

v? 1832

Goniatites speciosus sp. nov. - MUnster, p. 177.
Ammonites speciosus MUnster - von Buch, p. 180, pl. II
fig.,7.
Goniatites speciosus Munster - MUnster, p. 27, pl. VI,
figs. la-co

1834b Goniatites speciosus MUnster - MUnster, p. 90, pl. V,
figs. 5a-c, (French translation of MUnster 1832).
Goniatites speciosus Munster - MUnster, p. 27, pl.
XVIII~ figso 6.
Clymenia speciosa sp. nov. - MUnster, p. 7.

v 1839

non 1839
1843 Goniatites speciosus MUnster - MUnster, p. 21, pl. VIa,

figs. la-c, (copy of MUnster 1832), p. 53, pl. XVIII,
fig. 6, (copy of Munster 1839).
Clymenia speciosa MUnster - GUmbel, p. 151, pl. XIX,
figs. 6a-d, pl. XX, fig. 3.

pv 1923a Gonioclymenia speciosa MUnster - Schindewolf, p. 487.

vp 1863
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Type material. BSP (unnumbered) is designated herein as the
lectotype, and figured here, Pl. 5.3, figs. 7,8. This is believed
to be the specimen figured by Munster 1832, pl. VI, figs. la-e.
Diagnosis. Gonioclymenia with a deep pointed ventra-lateral
lobe, of about one half the depth of the midflank lateral lobe,
and strong ribbing on the phragmocone.

Description. Three specimens from the MUnster collection in Munich
have been used to form this description& the lectotype, AS VII
595, which was the specimen figured by Mu~er (1839, pl. XVIII,
fig. 6), and later by GUmbel (1863, pl. XX, figs. 3a-b), and
AS VII 538, which was the specimen figured (embellished) by
GUmbel, (1863, pl. XIX, figs. 6a-c).

The inner whorls of the lectotype (Pl. 5.3, Fig. 8) are not
preserved, nor is a suture visible. Closely spaced radial or
prorsiradiate, slightly sinuous ribs appear at a diameter of ca
20mm. There are ca 36 in the whorl prior to a diameter of 80mm
(i.e. 1~ whorls after ribs are first visible). The last whorl
preserved is, apparently, smooth and the flanks converge to flatten-
ed venter, which has a very shallow median groove.

The second specimen that Munster figured, AS VII 595, (Pl.
5.3, Figs. 1,9) is remarkably preserved, in that it appears to
show a series of interpenetrating funnel-shaped dorsal lobes,
which would have totally enclosed the siphuncle. Ribbing, and
a pOlished suture typical of the species are visible.

The internal whorls of GUmbel's figure (1863, pl. XIX, fig.
6a) are drawn in, because the specimen BSP AS VII 538, on which
it appears to be based is strongly weathered up to a diameter of
50mm. A small tubercle on the ventra-lateral shoulder is visible
at a whorl height of 6.3mm, and the ribs are not yet present.
By a diameter of 55mm the rib internal moulds are straight, and
by 70mm the ribs are slightly convex, radial and sinuous. In



this respect they differ from the straighter, prorsiradiate ribs
of the lectotype. Minor inter-rib ribs are developed on the
dorsad half of the flanks, becoming less prominent as the major
ribs spacing increases at a diameter of 80mm, although spacing
varies within this interval. They are restricted to the flanks.

The whorl cross-section at the maximum diameter preserved
(ca 110mm) is narrower and the flanks less converging than figured
by GUmbel (1863, pl. XIV, fig. 6b). A ventral groove is clearly
visible between a diameter of 45mm (Pl. 5.3, Fig. 4) and 85mm
but this becomes shallow, and barely visible on the venter, although
the ventral area is polished or damaged.

The suture, at a whorl height of 6.3mm, has rounded elements,
a shallow ventro-lateral lobe, and a tongue-shaped, deep mid flank
lobe resembling that of Kalloclymenia. At larger diameters the
lobes and saddles became heightened and more angular, and the
ventro-lateral lobe migrates dorsad across the flanks (Textfig.
5.7A,B).

Dimensions.
D U WW WH

Lectotype, BSP 150 ca62 vca38 51.5
Pl.5.3,Figs.7,8 l14 44.1 25 42.1
BSP AS VII 538 107.7 45.5 ca22 ca38

83.2 3704 16.5 27.5

Remarks. This species was first mentioned by MUnster in a general
paper (1831, p. 177) on the occurrence of ammonites in thefossil
recorda ,"Dans le calcaire intermediare de Heinersreuth il y a
un grand goniatite, que j'ai appele Goniatites speciosus". This
ammonite was Ammonites conybeari =(Vermiceras conybeari (Sowerby
1816, p. 70, pl. 131) according to D. T. Donovan) which is similar

to Gon. speciosa in as far as it is large, evolute and ribbed,
but it also has a keel, approximately equal whorl width and height
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and concave ribs which curve forwards over the venter, and there-
fore bears little close resemblance to the specimens which Munster
subsequently figured as speciosa. Nevertheless this specific
description probably falls within the scope of Article 12 of the
Code (po 13) which says that "a name published before 1931, must
have been accompanied by a description, definition or indication".
"Indication" is eXPlicitly defined in Article 16{a) (i) - (viii)
(Code p. 15) and Munster's wording certainly does not fall within
any of the noted categories. However, MUnster's definition
was probably adequate by the standards of his day, and 1831 is
interpreted as the valid date of Gonioclymenia speciosa.

In the same year that MUnster described G. speciosus fully,
with a figure (1832, p. 27, pl. VI, figs. la-c), Leopold von Buch
also published a description of it, but acknowledged MUnster as
the author (1832, p. 180, pl. II, fig. 7). It has been common
practice of authors (e.g. Schindewolf 1923a, 1957) to cite MUnster
1832 as the bibliographic reference for this species, but it is
likely that von Buch's description was published before MUnster's
since only Munster gives a specific page reference to the other's
work. This implies that as he wrote he had von Buch's work in
front of him. Wedekind seems to have been aware of the dilemma
of which author had priority, and referred the species to both
Munster and von Buch (1914, p. 62,3). MUnster revised his account
of the species in 1839 (p. 28, pl. XVIII, fig. 6). Clyrnenia
speciosa MUnster 1839 (p. 7) is an undescribed variety of Cl.
laevigata, distinguished by MUnster from other species of Clymenia
by its large size. Beyrich (1859) first recognised that this
species was a clymeniid and not a goniatite.

GonioClymenia (Go~) subcostulata Petter (1960, p. 14, pl. 1
figs. l,a, 6,a, 12,a; textfigs. 2E1' lectotype proposed herein
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as the specimen in pl. 1, figs. 1,a) has an ornament consisting of
closely packed, shallow ribs (numbering approximately 100 in the
whorl prior to a diameter of 60mm), and converging flanks.

Horizon and distrbutiona The type locality was given by MUnster
(1831) as Heinersreuth, and this may be a mere reference to Schubel-
hammer only a few kilometres away, from which came most of the
other clymeniids he later described (MUnster 1832). The species
is known from Oberfranken, Rheinische Schiefergebirge, Montagne
Noire, Carnic AlpS and the southern Urals. It is considered to
come from the Clymenia Stufe.

Gonioclymenia (Gonioclymenia) subcarinata (MUnster 1839)
Pl. 5.3, Figso 5,6, Pl. 5.7, Fig. 3, Textfig. 5.7C,D.

Goniatites subcarinatus sp. nov. - Munster, p. 25,
pl. XVIII, figso la-c.
Goniatites subcarinatus MUnster - Munster, p. 50,
pl. XVIII, figso 1a-c, (copy of MUnster 1839).
Clymenia speciosa MUnster - GUmbel, p. 151, pl. XX,
figs. la-c.

1914 Gonioclymenia subcarinata MUnster - Wedekind, p. 63.
vp 1923a Gonioclymenia subcarinata MUnster - Schindewolf,

v* 1839

v 1843

pv 1863

p. 489, textfig. 21b.
1929 GOnioclymenia subcarinata MUnster - Lange, p. 76.
1960 Gonioclymenia subcarinata MUnster - Petter, p. 13,

pl. 1, figs. 2,a, 3,b, pl. II, figs. 4,a, 5,b, textfig.
2D.

Type material. The only specimen remaining in the BSP in Munich
is AS VII 596.which proposed as the lectotype.

This specimen was figured by GUmbel <1863, pl. XX, figs. la-c)
and is refigured here <Pl. 5.2, Figs. 5,6). GUmbel's figure is
a detailed representation of it with little embellishment.
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MUnster's original figure (1839, pl. XVIII, figs. la-c) has exactly
the same dimensions and is probably a representation of the same
specimen.
Diagnosis. Gonioclymenia with a shallow ventro-Iateral lobe.

Description. Only one specimen, the lectotype, BSP AS VII 556,
has been seen, and this is figured in Pl. 5.3, Figs. 5,6 and
Textfig. 5.7, and described below. Another specimen, SM HI0409,
figured here in Pl. 5.3, Fig. 2, may belong to this species, and
on this the inner whorls are visible. The species greatly
resembles Gonioclymenia (Gon.) speciosa. Gross morphology is
exactly similar but the lectotype is well preserved and thus the
inner whorls can be described, but not compared with QQn. (Gon.)
speciosa, since they are not known for this species.

The inner whorls up to a diameter of ca lOmm appear to have
a rounded whorl section, and an ornament consisting of ventro-
lateral tubercles. Thereafter the flanks are flattened, the
whorl section compressed and slightly S-shaped, prorsiradiate
ribs develop across the flanks from the ventro-Iateral tubercles.
The tubercles themselves disappear after a diameter of ca 35mm,
and the ribs become less prominent, being more widely spaced,
broad and plicate after a diameter of ca 70mm. At the greatest
diameter seen (llOmm), which on the lectotype is still phragmocone,
there seem to be no ribs, although at this stage the specimen has
suffered from weathering. Between a diameter of 50mm and 80mm
the venter is grooved, and in it runs a string-like keel (pl.
5.3, Fig. 5). The flanks at a ~mum diameter of ca 110mm, although
weathered appear slightly rounded and converging.
is illustrated in Textfig. 5.7C.

The suture
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Dimensions
D u ww WH A

Lectotype, AS
VII 596
RE 551,734.5. A256,
lectotype of Gon.
(Gon.) subcarinata
12raematura
BM 81839b, PI.5.4,
Fig. 4.

109 46 ca25.5 40.8

108
78

39.5
43.5

27.3
22

40.7
29.5

36

9.6 18

Remarks. According to Munster (1831) the distinctive features
of the species was the presence, in all but the last whorl, of a
strong keel in the ventral groove. This keel can be seen in
many clymeniids and is laid down on the venter of preceding whorls
beneath the wrinkle-layer, as the animal secreted the floor of
its new body chamber. Wedekind and subsequent authors have
distinguished the species by its shallow rounded ventro-Iateral
lobe (Textfig. 5.7C) in contrast to the deeper, angular lobe to be
seen on Gon. (Gon.) speciosa, otherwise their morphology is similar.
The inner whorls of Gon. speciosa are unknown. Gonioclymenia

,.. .(Gon.) subcarinata has a spinose ventro-lateral ornament on the
earliest whorls, and then ribs develop (Pl. 5.3, Fig. 2).

Wedekind recognised a variety praematura (1914, p. 63), which
had curved flanks and an acute saddle (Textfig. 5.7D) between the
ventro-lateral lobe and the lateral lobe, in contrast to the rounded
saddle in subcarinata. The difference in angularity may be
caused by POlishing on the lectotype. A further species, Gon.
(Gon.) tournquisti (1914, p. 64), was recognised by Wedekind on
the basis of a broad and rounded saddle between the ventro-lateral
and first lobes, which in Gon. (Gon.) subcarinata was alleged to- -
be smaller. Lange (1929, p. 76,77) united these two forms as·
varieties of Gon. (Gon.) subcarinata and dismissed the sutural- -
differences as unfounded, distinguishing subcarinata tournguisti



by its weak sculpture and QQn. (QQn.) subcarinata praematura
by its curved flanks. The lectotype of Gon. (Gon.) subcarinata
appears to have curved flanks itself at a diameter of 110mm.

The lectotype (proposed herein) of Gon. (Gon.) subcarinata
praematura (PI. 5.4, Figs. 5-7, RE 551.734.5 A256) has only a
shallow groove on the venter of the body chamber at a diameter of
ca 100mm. Grooves are visible on the internal mould of the body
chamber at the same diameter presumably these were caused by
raised structures on the internal side of the shell. They appear
to follow the same course as the growth-lines. Wedekind used
GUmbel's figure of the apertural shape of Gon. (QQn.) subcarinata
(1863, pl. XX, fig. 1b), which showed converging, flat to concave
flanks to define the whorl section shape in that species. GUmbel's
figure was a conjectural reconstruction (see the actual apertural
shape, Pl. 5.3, Fig. 5) and thus one of Wedekind's and Lange's
criteria for subspecies diagnosis has no foundation.

Wedekind figured two specimens of Gon. tournquisti (1914,
pl. 5, fig. 4, pl. 6, fig. 7, pl. 7, fig. 2) and the specimen in
pl. 5, fig. 4 is proposed as the lectotype, since it was from this
specimen that Wedekind figured the suture. (M. R. House has
kindly provided photographs of these and other specimens figured
by Wedekind (1914), now housed in the GPI, G8ttingelli) Wedekind
stated (1914, p. 64) that the sculpture on this species was weaker
at middle sizes than in Gon. (Gon.) subcarinata. Ribbing density
has been calculated on various specimens.

Number of ribs in half whorl prior
to diameter of ca 40mm.

Q2Q. (Gon.) subcarinata,
lectotype
Wedekind 1914, pl.6, fig.S
~. (QQg.) .praematura,
lectotype.

ca 12

ca 14
ca 13



Gon. (Gon.) tournquisti,
lectotype.
Wedekind 1914, pl.7, fig.2.

ca 8

ca 12

There seems to be a correlation between the frequency of ribs
and their shape. Where there are few ribs they are broad, whereas
closely packed ribs are narrow. Therefore the term weak sculpture,
as used by Wedekind, can be taken to describe both rib frequency
and strength. At present there is very little evidence concerning
the ribbing strength of any species of Von.) Gonioclymenia,
although Lange (1929, p. 77) stated that it was variable. There-
fore, I do not accept the distinctions in ornament drawn between
Gon. (Gon.) subcarinata, Eraematura or tournquisti as valid for
for the purposes of defining sUbspecies.

Wedekind distinguished another species, Gonioclymenia hoevel-
ensis (1914, p. 60, pl. 5, fig. 7, pl. 6, fig. 2) which has a
subcarinata-type suture. The specimen figured in the former of
these is designated as the lectotype. The species was used as
the index for Schmidt's lower ~lYmenia Stufe zone, Vtt. The
diagnostic characteristic of this species was, according to Wedekind,
the presence of paired ribs, joined at the ventro-lateral shoulder
by a tubercle. Wedekind's description and figure (pl. 6, fig. 2)
of a narrow whorl cross-section with parallel flanks, is unsub-
stantiated since Wedekind does not appear to have cut the specimen
upon which his section is based. Petter (1960, p. 16, pl. I,
figs. 9, 9a) described and figured one specimen which she
assigned to this species.

Paired ribbing and strong ventro-lateral tubercles are
probably not sufficient grounds for distinguishing at specific
level a morphology which is otherwise little different from QQn.
(Gon.) subcarinata. However, the argument is not so strong as
that for the varieties described above.
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Horizon and distribution. The lectotype of Q2n. (Gon.) subcarinata
carne from Schubelharnrner,Oberfranken and was reported by Schinde-
wolf (1923a) from the upper zone of the Clymenia Stufe nearby at
Kirch-Gattendorf. In the Rheinische Schiefergebirge Wedekind's
Gon. (Gono) praernatura carne from the lower Va zone at Havel,
which was confirmed by Lange (1929, his zone VS), who together with
Schmidt (1924), recorded it and ggn. (Gon.) subcarinata from Havel
(= Melschede) and Dasberg. Wedekind (1914) recorded Gon. (Gon.)
tournguisti from the upper Clymenia Stufe, but Lange (1929) recorded
this only rarely from his VS zone. Petter reported the species
from an imprecisely known level in the Clymenia Stufe of the
Souara Valley (Algeria).

Subgenus Gonioclymenia (Kalloclymenia) Wedekind 1914
Textfig. 5.10.

Type species. Goniatites subarmatus Munster 1832, by subsequent
designation of Schindewolf (1923a, p. 490).
Diagnosis. Similar to Gonioclymenia but lacking a ventral groove,
and with an ornament which includes ribs with parabolic tubercles
on the ventrad portion of the flank, like Trigonoclymenia SChinde-
wolf.

Available species names include.
subarmata

crassa

?dasbergensis

insignis

Munster 1832, p. 28, pl. VI, figs. 2a-c,
Schubelhammer, Oberfranken.
Wedekind 1914, p. 59, pl. 6, figs. 3a-b,
Havel, Sauerland.
Wedekind 1914, p. 67, pl. 5, figs. 6a-c, pl. 7,
fig. 1, Dasberg, Sauerland.
Phillips 1841, p. 119, pl. XLIX, fig. 228,
Petherwin, England.
BogoSlovskiy 1981, p. 92, pl. XII, fig. 2,
pl. XIII, fig. 2, Kiya River, Akt. Oblast'.



pessoides von Buch 1838, p. 4, pl. I, figs. 1-3, Dzikowiec,
Poland.
Schindewolf 1921, p. 161 (= Gono (Kall.)
biimpressa fide Schindewolf 1937a, p. 44).
Frech 1902, p. 41, pl. 11(1), fig. 1, Dzikowiec,
Poland.

n. nud.quadrata

uhligi

Remarks a Schindewolf's subsequent designation of a type species
(1957, p. L40) was unnecessary since he had already (1923a, p. 490)
designated subarmata (Munster 1832) as the genotype. wedekind
had failed to nominate a type when he established the genus (1914,
p. 65), stating only that it comprised the "Formgruppe Cl.
biimpressa". It is not certain, however, that Cl. biimpressa
belongs to the subgenus Kalloclymenia, as it is now defined (see
below) • Various authors (Schindewolf, Lange etc~ reviewed in
Selwood 1960, po 158) have discussed the diagnostic validity of
the four characters which Wedekind used to distinguish the genus,
namely a growth-line shape, ribbing, nature of the whorl cross-
section and the absence of a ventral groove. Selwood's conclusion
(1960, p. 158) was that Kalloclymenia merited subgeneric status
and was distinguished from Gonioclymenia solely by the absence of
a ventral groove. Now the major distinguishing factor is con-
sidered to be the presence in Kalloclyrnenia of parabolic tubercles.

In a review of the classification of clymeniid genera SChinde-
wolf (1923b, p. 29) established the genus Otoclyrnenia with type
species Gon. uhligi Frech, distinguished by a sculpture with
parabolic ribs and tubercles on the ventro-Iateral shoulder.
Later, (1937a, p. 55) after noting specimens of Kalloclyrnenia
with a subdued parabolic sculpture he said that Otoclymenia was
at most a subgenus, and that there was a graduation in the ornament
between KallOClymenia and Otoclymenia. However, in his species
list (1937a, p. 28) he included uhligi as a Kalloclymenia.



In the Treatise (1957, p. L40) Schindewolf retained the
subgeneric distinction and characterised Kalloclymenia as being
"without distinct parabolic ribs", and Otoclymenia as having
"marked parabolic ribs and nodes". However, the original figure
of G. subarmatus (Munster 1832, pl. VI, fig. 2a) shows a sculpture
with distinct parabolic ribs and nodes up to a diameter of at
least 90mm. This figure, however, may be based on several specimens
since none has been found resembling it exactly. since this is
the type species of Gon. (Kalloclymenia) the genus must be inter-
preted as having a Gonioclymenia-type suture, a smooth ungrooved
venter and an ornament consisting of ribs with parabolic nodation.
Schindewolf's implied statement that degrees of parabolic nodation
could be used to differentiate between Kalloclymenia and Otoclymenia
is untenable. This is far too subjective a criterion, especially
since he did not indicate where the dividing line was to be drawn.
Therefore it is better to treat Otoclymenia as a junior subjective
synonym of Kalloclymenia, since its only distinguishing character,
the presence of a parabolic sculpture is also to be found on Gon.
(KalloClymenia) subarmata, the type species of Gon. (Kalloclymenia).

The species which are recognised as belonging to Gon. (Kallo-
clymenia) have stratigraphic ranges which are not well known, but
are better known than other gonioclymeniids, largely through
Schindewolf's (1937a) study of a section through the Wocklumeria
Stufe at Oberr8dinghausen in the H8nnetal. Gon. (Kalloclymenia)-
subarmata was reported by Schindewolf (1937a) from the Oberr8ding-
hausen railway-cutting section in Beds 18-16, that is in the
middle of the subarmata Zone, and Q2n. (~.) uhligi (Frech) was
reported from Beds 19-8 in the Gon. (Kall.) subarmata Zone and the- -
endogona Subzone. Gonioclymenia (~.) crassa (Wedekind) was
recorded by Wedekind (1914, p. 59) from the lower Clymenia Stufe
at H8vel, and Gono (Kallo) dasbergensis from the upper Clymenia
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Stufe at Dzikowiec and Dasberg. Gonioclymenia (~.) pessoides
was reported by Schindewolf from Beds 15-19 in the Oberr8ding-
hausen railway-cutting, and is also known from the lower Wocklumeria
Stufe of Dzikowieco Gon. (Kall.) insignis is known possibly from
the Clymenia Stufe of South Petherwin, Cornwall (see Selwood
1960, po 158, but many of the species from the Landlake Limestone
Quarry in Selwood's faunal list occur in the Wocklumeria Stufe
e.g. Kosmo. undulata, Kosmo. linearis, Cyrt. plicata, Cyrt.
angustisepta, Imitoceras cf. guadripartitum). More important is

Selwood's fauna (p. 154) from a single horizon where Cl. hoevelensis,
indicative of the Clymenia Stufe, occurs with Gon. (Kall.)
biimpressa.

Three of the six known species of Gon. (Kalloclymenia) are
recorded from levels which yield faunas containing genera considered
to be indicative of the Clymenia Stufe, i.e. Clymenia and Gonio-
clymenia (Gon.). Whilst these elements could persist into the
Wocklumeria Stufe it has always been held (e.g. House 1979) that
the base of the Wocklumeria Stufe can be recognised by the incoming
of Kalloclymenia, and the simultaneous disappearance of Clymenia
and Gonioclymenia. Clearly this premise would benefit from
closer examination of faunas from around the ClymeniajHocklumeria
Stufe boundary.

Comparisons. The types of all the Western European species of
Gon. (Kalloclymenia) have been examined, most were discussed by
Lange (1929). Dimensions are given below for comparison.

D U WW WH
Gon. (Kall.) .100.4 54.4 ca20 24.9
subarmata, lectotype, 69.0 37.5 ca14 ca18
BSP AS VII 537
Gon. ,~.) uhligi 68.5 32 19 22
hOlotype, MfN c550
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D U WW WH
Gon. (liali· ) crassa 52 23.6 14.2 16.2
holotype, RE 551. 36 10.2 12.,2
734.5 A255
Gon. (!ia!.!. )i,nsignis 61 32.4 16.7
hOlotype, GSM 7083,a 46.5 24 ca9 12.5
Gon. (Kall.)dasberg- 50 21 13 18
ensis, lectotype,
proposed herein as
Wedekind 1914, pl.V,
figs. 6a-c, pl.
fig.1 (the same
specimen)
Gon. (.K2!.! .) pess- 31.2 17.9 8.2 7.5
oides, lectotype
MfN, Pl. 5.5, Figs.
1-3.

These species are all known from only few examples, from
different localities and from uncertain stratigraphic levels.
At present any comparison between them can only be based on the
type specimens Gonioclymenia (!ia!.!.) uhligi (Pl. 5.5, Figs. 9-11,
Textfig. 5.9C) was described by Frech (1902) from only one specimen.
It had a quadrate whorl section at a diameter of 65mm, and
prominent parabolic tubercles are visible at this point. Gonio-
Clymenia (Kalloclymenia) subarmata (Pl. 5.5, Figs. 8,13,14,
Pl. 5.7, Figs. 1,2) has parabolic tubercles up to a diameter of
ca 25mm, thereafter there are closely spaced, straight, prorsi-
radiate ribs which diminish in strength by a diameter of ca 50mm,
and seem to be absent on the body chamber. At a diameter of
ca 70mm the whorl cross-section is compressed and rectangular.
Gonioclymenia (Kalloclymenia) crassa (Pl. 5.5, Figs. 4-7,12,
Textfig. 5.9E) lacks a ventral groove (Fig. 7) and cannot be a
Gonioclymenia as Wedekind stated (1914). It has prominent para-
bOlic tubercles, lacks ribs and may be synonymous with Gonio-
clymenia (Kall.) uhligi. Gonioclymenia (Kall.) insignis (Pl. 5.6,
Figs. 7-10, Textfig. 5.9D) has parabolic tubercles 'visible up to .,
a diameter of ca 35mm and strong prorsiradiate ribbing thereafter,



persisting to the maximum measured diameter of 61mm.
Gonioclymenia (~.) subarmata and insignis have a similar

ornament and suture, as do QQn. (Kallo) uhligi and crassa, and thus
these pairs may be synonymous. Gonioclymenia (Kall.) dasbergensis
appears to be intermediate in character between these two pairs,
it has parabolic tubercles up to a diameter of ca 25mm but its
ribbing is less prominent than on any other species. Lack of
precise stratigraphical control of the cOllecting horizons of
these five nominal species makes any formal consideration of their
precise taxonomic relationship unwise. Gonioclymenia (~.)
pessoides (Pl. 5.5, Figs. 1-3) although known from a small specimen
seems a distinct species with slowly increasing whorl height,
parabolic tubercles and an apparent lack of ribbing.

Horizon and distribution. The stratigraphic ranges of the various
species of Gonioc1ymenia (Ka11.) have been discussed above. The

j

subgenus is known from the upper Clymenia Stufe and the Wocklumeria
Stufe of Launceston (England), Montagne Noire (France), Oberfranken,
Rheinische Schiefergebirge (W. Germany), Thuringia and S~chische
V8gtland (E.Germany), Dzikowiec, Holy Cross Mountains (Poland),
the southern Urals (USSR) and the Saoura Valley (Algeria).

Gonioclymenia (Kalloclymenia) subarmata (MUnster 1832)
Pl. 5.5, Fig. 13, Pl. 5.6, Figs. 1,2, Pl. 5.7, Figs. 1,2,4,5,

Textfigs. 5.9A,B.

v* 1832 Goniatites subarmatus sp. nov. - MUnster" p. 28,
pl. VI, figs. 2a-c.

1834b Goniatites subarmatus MUnster - MUnster, p. 91, pl. VI,
figs. la-c, (French translation of MUnster 1832)



Clymenia subarmata MUnster - Munster. p. 123, pl. XII
fig. 40
Goniatites insignis sp. nov. - Phillips, p. 119,
pl. XLI, fig. 228.

1843 Clyrnenia subarmata MUnster - MUnster, p. 22, pl. VIa,

v , 1842

v1 1841

figs. 2a-c, (copy of MUnster 1832).
Clymenia subarmata MUnster - GUmbel, p. 157, pl. XXI,
figs. 2a-b, non la-d.

1. 1873 Clymenia subarmata MUnster - Kayser, p. 622, pl. XX,

.pv 1863

figs. 3a-c.
non 1902 Clymenia subarmata MUnster - Frech, p. 41, pl. II(I),

fig. 3b, non 3a, (holotype of Subgen. Nov. B brevi-
spina Lange 1929).

(?J 1914 Kalloclymenia subarmata MUnster - Wedekind, p. 66.
~) 1923a Kalloclymenia subarmata MUnster - Schindewolf, p. 491.
1. 1960 Kalloclymenia subarmata (MUnster) - Petter, p. 17,

pl. I, figs. 8-b.
v1 1960

non 1962

1 1981

Gonioclymenia (Kalloclymenia) biimpressa (von Buch) -
Selwood, p. 159, .pl. 26, fig. 2, (refiguring of the
holotype of Gon. insignis Phillips).
Kalloclvrnenia subarmata (MUnster) - BogoSlovskiy,
pl. XXI, fig. 3, (= Costaclymenia (~.) binodosa).
Kalloclymenia subarrnata (MUnster) - BogOSlovskiy,
p. 90, pl. XII, figs. 2a,b, textfig. 38.

Type material. BSP AS VII 537, MUnster Collection, SchUbel-
hammer, Oberfranken, is proposed as the lectotype.
Diagnosis. Gonioclymenia (Kalloclymenia) with straight prorsi-
radiate ribs present to a diameter of at least 50rnm,and parabolic
tubercles up to a diameter of 30rom.

Description. Only the lectotype, BSP AS VII 537, is well enough
preserved to be described. Other specimens from MUnster collections
(SM H10394, BM 81834, BSP AS VII 593) have little ornament remain-
ing and therefore cannot be assigned, with certainty, to this
subgenus.

Shell evolute, with a quadrate compressed whorl section and
Slightly arched venter. Inner whorls are damaged but parabOlic



tubercles are visible at a diameter of ca 15mm and persist to a
diameter of ca 30mm. Thereafter there are closely spaced straight
or S-shaped prorsiradiate ribs. numbering 16 in the half whorl
prior to a diameter of ca 50mm. The last whorl of the lectotype
is weathered but appears to have faint, broad ribso The suture
(Textfig. 5.9A) is of the GOnioclymenia-type, with the same number
of elements but the largest, midflank, lateral lobe has a character-
istic broad, spearhead-shape.

Dimensions I

max D D U WW WH
Lectotype, BSP .115 100.4 54.4 ca20 24.5
AS VII 537 69 37.5 ca14.5 ca18
SM H10394 103.8 53 22.5 29.5

ca 76 38.8 17.7 ca21
55.5 ca27.5 12.7 16
35.5 18.9 9.1 11.8
27.9 ca5.4 9

Munster 1832 180 96 32 24.5
pl.VI, figs.2a-b 140 35 16

A

28.2
ca20.5

15.0
11.2

Remarks I Munster's (1832) figure of this species is of an individual
much larger than the lectotype. It has slightly different ornament.
Parabolic tubercles are shown as present up to a diameter of ca 90mm.
However, no specimen exactlY resembling this figure can be traced
and it may be composite, based on several specimens. The specimen
regarded by GUmbel (1863) as Munster's original has been designated
the lectotype, since it partly resembles MUnster's 1832 figure,
and is considered to be a syntype.

In 1842 Munster figured a second specimen, (pl. XII, fig. 4)
from Gattendorf. He (Pt 123) added little to his previous
description, and the figured specimen (BSP AS VII 593, Pl. 5.6,
Figs. 1,2) is extremely poorly preserved. The only reason
MUnster seems to have had for referring again to this species was
to comment on the similarity of ornament between it and the new



species Clymenia spinosa.
tubercles.

The relationship between this species and others included in
Gonioclymenia (Kalloclymenia) has already been discussed (see

Both have parabolic ventro-Iateral

Gonioclymenia (Kalloclymenia) above). The holotype and only
known specimen (GSM 7083,A) of QQn. (Kall.) insignis (Phillips) has
parabOlic tubercles visible up to a diameter of 35mm and therefore
may be synonymous with Gon. (~.) subarmata. The type specimens
of QQn. (~.) uhligi (MfN c550) and Gon. (Kall.) crassa (RE
734.551.5 A255) still have parabOlic tuberCles at diameters of
65 and 55mm respectively (Pl. 5.5, Figs. 4,10) and thus are closer
in appearance to MUnster's figure of Gon. (Kall.) subarmata than
the lectotype. Gon. (Kall.) crassa was referred by Wedekind to
the genus Gonioclymenia but since it lacks a ventral groove this
cannot be correct. These two species have sutures which show
some differences from QQn. (~.) subarmata and insignis. In
Qgn. (~.) crassa and uhligi the midflank lateral lobe and the
ventral lobe are deeper and narrower (Textfigs. 5.9C,E) which may
in itself be sufficient for a taxonomic distinction to be drawn.

The hOlotype (MfN c600) of Subgen. Nov. B biimpressa (von
Buch) is figured in Pl. 5.8, Figs. 7,8, (Subgen. Nov. B is dis-
cussed below). It lacks parabOlic tubercles, and therefore
cannot be assigned to Gon. (Kalloclymenia). This lack may be due
principally to the poor preservational state of the holotype,
which came from Dzikowiec. Many authors have commented on the
relationship between it and Gon. (~.) subarmata. Lange (1929),
who refigured the hOlotype (pl. 2, fig. 10) considered that the
differences between them lay in the ribbing. He said that ggg.
(Kall.) subarmata still had ribbing· at a stage where it had
disappeared in Subgen. Nov. B'biimpressa. However, since at its .
maximum diameter of 42mm the holotype of Subgen. Nov. ~ biimpressa



still has ribbing of similar strength to that of the lectotype of
Gon. (Kall.) subarmata at the same diameter, this statement is
impossible to disprove, and so is useless 'in helping to diagnose
the species. In view of the poor state of preservation of the
holotype Subgen. Nov. B biimpressa is a species best regarded as a
nomen dubium.

Horizon and distribution. The lectotype came from Schubelhammer,
Oberfranken and Schindewolf reported the species from Dzikowiec
{1937a~ Beds 18-16 (Kalloclymenia subarmata Zone) at Oberr3ding-
hausen, Sauerland (1937a) and Bed 20 at Kirch-Gattendorf (1923a).
Gonioclymenia (Kalloclymenia) insignis is known from,the Petherwin
Beds Cornwall. The two precisely known horizons are both in the
subarmata Zone.

Gonioclymenia (Subgen. Nov. ~)

Proposed name. Langeclymenia, in recognition of W. Lange.
Type species. Gonioclymenia (Kalloclymenia) wocklumensis Lange
1929, p. 79, pl. 2, figs. 18,a, designation proposed here.
Diagnosis. Goniocl~enia with flatly arched venter at all stages,
and with ornament consisting of subdued ribs on the flanks at most,
lacking spines near the umbilicus, and parabolic tubercles at or
near the venter.

Comparisons. This genus is similar to QQn. (Kalloclymenia) but
lacks the parabolic tubercular ornament of that genus.

Available species names include.
*wocklumensis Lange 1929, p. 79, pl. 2, figs. 18,a, Burg,

Wocklum, Sauerland.
?frechi Lange 1929, p. 81, Dzikowiec, Poland.
glabra Bogoslovskiy 1981, p. 96, pl. XV, fig. 5, textfig.

42, Loz'ra R., Tumenskaya Oblast', n. Urals.



kozhimensis Bogoslovskiy and Kuzina 1980, p. 69, pl. IX,
figo 1, textfig. 1, Kozhima R., Komi ASSR, n. Urals.

linguilobata BogoSlovskiy 1981, p. 91, plo XIII, fig. 1, text-
fig. 39a, Kiya R., Akt. Oblast', s. Urals.

and other species, only questionably included area
angusta MUnster, 1839 (see Gonioclymeniidae above).
biimpressa von Buch, 1838, p. 5, pl. II, figs. 1-3, Dzikowiec.

clymeniaeformis MUnster 1842 (see Gonioclymeniidae above).
?pachydiscus BogoSlovskiy 1981, p. 94, pl. XIII, fig. 3, text-

figs. 40a,b, Kiya R., Akt. Oblast', s. Urals.
Sowerby 1840, p. 703, pl. XLIV, fig. 18.vincta

schindewolf (1937a, p. 28) implied that there were two other related
species, Kall. wocklumensis mute nov. and Kall. sp. nov. aff.
wocklumensis. These, however, were not described.

Remarks. Goniatites clymeniaeformis and G. angustus may belong in
this genus. The former was figured by MUnster (1839, pl. XVII,
figs. 4a-c) and described (p. 24) as being evolute, smooth shelled
with a quadrate compressed whorl section, and suture consisting of
two lateral lobes (similar in shape to those on Sellaclymenia) and
a ventral lobe. This description was modified by GUmbel (1863,
p. 153, pl. XX, figs. 2a,b), who said that the original specimen
was a weathered mould. His figures showed the flanks converging
to a rounded smooth venter and also a shallow ventro-Iateral lobe,
as well as a ventral lobe. Munster's description of the suture
may be inaccurate) it resembles that of Mesoclymenia Bogoslovskiy
although GUmbel's illustration (1863, plo XXI, fig. 2b) shows an
adventive lobe. There is a great resemblance in shell form
between Gon. clymeniaeforrois and Subgen. Nov. ~ frechi, but since no

I...
more of MUnster's specimens can be traced,no more than this can be
said.

Goniatites angustus may also belong in this genus. It was



considered by Schindewolf (1923a) to be a Sphenoclymenia, but
MUnster (1839) had clearly stated that this species had a suture
which was similar to Gon. (Kall.) subarmata. A specimen in the
MUnster COllection at Cambridge, SM H10314, is designated as the
lectotype. It is, however, poorly preserved (PIa 5.6, Fig. 4) and
the species should be considered as a nomen dubium since it cannot
be described, nor distinguished from Gon. (~.) subarmata.

The status of Subgen. Nov. ~ biimpressa is somewhat similar.
It has already been discussed (see above, Gonioclymenia (Kallo-
clymenia) Remarks) and its hOlotype is poorly preserved. Subgen.
Nov. ~ frechi (Lange 1929) also has as its type a specimen which
is poorly preserved (Pl. 5.8, Figs. 2-4, Textfig. 5.9F). It is
discussed below.

The hOlotype of Goniatites vinctus Sowerby (p. 703, pl. XLIV,
fig. 18), recorded from Barnstaple, is recognised as SM H4015
(Pl. 5.6, Fig. 3). It lacks shell and therefore cannot be excluded
with certainty from Kalloclymenia. The ribs are not so strong
as illustrated by Sowerby. The flanks are converging and this
feature alone may permit the recognition of Subgen. Nov. B vincta
as a distinct species, but more material must be collected to
demonstrate this.

Various new species of Gonioclyrnenia and Kalloclymenia recently
introduced by BogoSlovskiy (1981) are very poorly documented.
Most are based on few poorly preserved specimens, indeed only one
(QQn. (QQn.) levis) is represented by more than one example.
Hence little useful can be said of the four species listed above.
Subgen. Nov. B kOzhimensis and glabra lack ornament and have the
same shell form and coiling as QQn. (Subgen. Nov. ~ wocklumensis,
and thus may be synonymous.

Horizon and distribution. Examples are known from the paradoxa



and evoluta Zones of the Rheinische Schiefergebirge, Thuringia,
England, Poland, Urals and North Africa.

GOnioclymenia (Subgen. Nov. ~) wocklumensis (Lange 1929)
Pl. 5.8, Figs. 1,5,6, Textfig. 5.9G

v* 1929 Gonioclymenia (Kalloclymenia)_wocklumensis SPa nov. -
Lange, p. 79, plo 2, figs. 18,a, textfigs. 14,15.

1959 Kalloclymenia wocklumense - Pfeiffer, p. 263.
? 1960 Kalloclymenia wocklumensis Lange - Kullmann, p. 531,

pl. 8, figo 1, textfig. 17a,b.
? 1960 Kalloclymenia wocklumensis Lange - Petter, p. 17, pl. I,

figs. 4,5, textfig. 2C.

Type materiall The holotype (MfN), from Burg near Wocklum, Sauer-
land,is figured here (see above). There were five paratypes,
none of which have been tracedo
Diagnosis I Species of QQn. (Subgen. Nov. B) with converging
flanks, flattened venter and faint plicate ribs, UID = 0.38.

Description I A description is based on the slightly distorted
holotype. Subevolute, inner whorls appear to be half embraced by
succeeding whorls. Whorl section is a compressed trapezoid,
flanks are converging and flato Inner whorls are not preserved,
or have been damaged by preparation. At a diameter of 50mm and
greate~S-shaped growth-lines and faint plicate ribs are visible.
The suture is illustrated in Textfig. 5.50

Dimensions I

D u ww
10
6.5

WH
HOlotype, MfN
Pl. 5.8,Figs.1,2.

45 17 16.8
11

Remarks I This species is a near homeomorph of Sell. plana MUnster,
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but is distinguished by the presence of ribbing, and a ventral
lobe, and has thicker whorls. The fragment of a whorl figured by
Kullmann (1960) can only be questionably included here, since it
is poorly preserved, and the same reservation must be applied to
the two specimens, one a juvenile, and the other an internal
mould, figured by Petter (1960). The species was reported by
Selwood (1960) from Launceston,though not figured.

Horizon and distributions The type locality of this species is
recorded as Burg, Wocklum, Sauerland and it is also known from
the Beds 4-1, and the Hangenberg Schiefer at Oberr8dinghausen,
Sa~lfeld, Launceston and possibly from Algeria and the Cantabrian
Mountains.

QQrr. $ubgen. Nov. ~ aff. wocklumensis Lange 1929
Pl. 5.8, Fig. 10, Textfigs. 5.9H,I.

Material. One specimen, SM Hl0373 (Pl. 5.8, Fig. 10, Text.figs.
5.9H,I) in the Munst.er Collection at Cambridge, from Schubelhammer,
Oberfranken, has been seen.

Description. The inner whorls have been dissolved by pressure
solution but the outer whorls are preserved and shown in Textfig.
5.91. The ventral area has a shallow depression running along it.
at.diamet.ers of 50 and 72mm. The flanks are rounded and converging
towards the venter. Broad plicat.e, slightly sinuous ribs are
visible up to a diameter of ca gOmm, thereafter the flanks are
smooth. The suture is illustrat.ed in Textfig. 5.9H. Differences
between the suture of this specimen and the holotype are likely
to be caused by the pOlished nature of the holotype, and their
differences in size.
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Interestingly the siphuncle is preserved in the last whorl
seen, at a diameter of 140mrn. It is visible as a thin black ring
within the funnel of the dorsal lobe, and its depressed, sub-
circular shape can be seen in the cross-section (Textfig. 5.91).

Dimensions I

D U WW WH

SM H103?3 140 50.5 31.4 51.6
58 22.5 12.5 ' 22
38 8 12

Horizon I There is no evidence of the age of this specimen but it
is presumed to come from the lower Wocklumeria Stufe.

Gonioclymenia (Subgen. Nov. ~) frechi (Lange 1929)
Pl. 5.8, Figs. 2-4, Textfigs. 5.9F

pvp 1902 GOnioclymenia pessoides von Buch - Frech, p.38, pl. II{I),
figs. 14a (lectotype), b, textfig. 6a (P. 40).

1914 Gonioclymenia pessoides von Buch - Wedekind, p. 66,
pl. 5, figs. 5, (refiguring of Frech 1902, pl. ~I{I),
fig. 14b).

v* 1929 Gonioclymenia (Kalloclymenia) frechi nom. nov. - Lange,
p , 81.

Type materiall A lectotype, MfN, from Dzikowiec, Poland, is
proposed here.

Lange (1929, p. 81) nominated as the gQ!9~YP'~of this species
~YQ of Frech's figures (1902, Pl. II{I), figs. 14a,b) and this
designation is therefore invalid. The specimen figured in the
former of these is selected as the lectotype. The specimen
represented by the latter was figured by Wedekind (1914, pl. V,
fig. 5) but was housed at Wroc~aw, and is now presumed to have been
destroyed.
Diagnosis. Species of Gon. (Subgen. Nov. B) lacking ornament apart
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from small ventro-Iateral tubercles visible up to a diameter of
ca 25nun.

Description. The description is based on the lectotype. Evolute
with compressed quadrate whorl section. Flanks Slightly rounded
and converging to flatly rounded venter. Small ventro-Iateral
tubercles are visible between diameters of ca 10 and 25mm, other-
wise there is no ornament and the flanks are smooth. The ribbing
indicated near the aperture on Frech's figure (1902, pl. 11(1),
fig. 14a) is not so strong as illustrated.,

The suture is illustrated in Textfig. 5o9F, although at the
point on the shell where it is visible there has been much filing
and pOlishing. Therefore the elements are bound to be somewhat
smoothed.

Dimensions I

D u ww
14.4
11.2

WH
Lectotype, MfN
Pl. 5.8,Figs.2-4.

71.6
59.2

39.3
30

18.4
15.1

Horizon and distribution. The lectotype comes from the Wocklumeria
Stufe of Dzikowiec,(Poland). Schindew01f '1937a) reported the
species from Oberr8dinghausen, Sauerland, in Bed 9, which is in

the endogona Subzone of the Wocklumeria Stufe.

Gonioclymenia (Subgeno Nov. A)
Textfig. 5.11

Proposed name. Silesiclymenia (after Silesi~) •.
Type species I Gonioclymenia (Kalloclymenia) brevispina, Lange
1929, designation proposed hereo
Diagnosis. Gonioclymenia with arched, rounded venter and spinose
ornament on ventro-lateral and umbilico-lateral shoulders.



Description: The genus has a Gonioclymenia (Kalloclymenia) - type
suture and the only species has a very compressed whorl section.

Available species names include:
*brevispina
interrupta

Lange 1929, p. 83, Dzikowiec, Poland.
Schmidt 1924, non MUnster 1842, p. 139, pl. 7,
figs. 9,a, Wildungen, Kellerwald.

Remarks: Only the type species is well known. Gonioclymenia
interrupta sensu Schmidt 1924, p. 17, fig. 9,a, non MUnster 1842,
may represent another species.

BogoSlovskiy (1981, pl. IX, figs. 1a,b) figured an example
of "Gonioclymenia interrupta (MUnster)". This had a number of
thin spines projecting from the ventro-lateral shoulder and part-
ially enveloped by succeeding whorls, and thus resembles the
ornament on Schmidt's (1924) specimen, of the same name, but this
lacks a ventral groove, hence its inclusion in this subgenus.
The Russian specimen has a clear ventral groove and thus may be a
Gonioclymenia. It does not, however, resemble MUnster's figure,
and represents an incorrect use of the specific name.

Horizon and distribution. Species are known from the subarmata
and paradoxa Zones of England, Rheinische Schiefergebirge, Ober-
franken (W. Germany), Urals (USSR) and North Africa.

Gonioclymenia (Subgen. Nov. A) brevispina Lange 1929
Pl. 5.9,·Figs. 6-10

vp 1902 Gonioclymenia subarmata MUnster - Frech, pl. II{I),
fig. 3a only.

v* 1929 Gonioclymenia brevispina sp. noV. - Lange, p. 83.
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Type material. The holotype, from Dzikowiec (Dolny Slask = Silesia,,
Poland) has been recognised in the Museum fur Naturkunde, Berlin.
Diagnosis I Species of Gonioclymenia (Geno Novo A) with a strongly
compressed whorl section and prominent rectiradiate ribs terminated
by spinose tubercles on the ventro-Iateral shoulders of early whorls.
These ribs degenerate, becoming radial and low joining tubercles on
the ventra-lateral and umbilico-Iateral shoulders.

Description. Two specimens have been seen, the holotype (Pl. 5.9,
Figs. 9,lO) and a specimen (Pl. 5.9, Figs. 6-8) from Bed 11 in
Schindewolf's (1937a) Oberr5dinghausen section. The holotype is
a small broken specimen, One half is preserved partly as an
external mould and partly just as shell, and the other half has
solid form, with the shell being pOlished away to'reveal a Kallo-
clymenia-type suture. The inner whorls are not well preserved.
At a diameter of ca 10mm widely spaced, radial ribs are visible
terminated on the ventro-Iateral shoulder by spinose tubercles.
By the next whorl, at a diameter of ca 14mm, tubercles are present
on both margins of the flanks. On the body chamber at a diameter
of ca 22mm the ribs have become more closely spaced, and are just
low folds joining two tubercles. The ventra-lateral tubercle is
at this stage far less spinose.

Schindewolf's specimen shows several features in common with
the holotype, especially the spinose ventra-lateral tubercles of
middle whorls and the closely spaced, diminished tuberculate ribs
of the body chamber. Therefore, it is considered to be conspecific.
The early whorls, up to a diameter of ca 4mm are smooth. There-
after, straight rectiradiate ribs develop which extend at the
ventra-lateral shoulder to form tubercles, and then spines, which
are enveloped by the succeeding whorl, by a diameter of 7mm. The
ribs then become progressively less rectiradiate and diminish in
strength, reducing to two tubercles only at a diameter of 15mm.

The next three quarters of a whorl is missing. The body chamber
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has a very compressed, quadrate whorl section with parallel flanks
and rounded venter. At a diameter of 30mm the internal mould
shows shallow ribs joining two tubercles of equal strength. On
the last part of the body chamber preserved, at a diameter of
ca 35mm, the umbilico-Iateral tubercles become more closely spaced
and the ribs and ventro-Iateral tubercles disappear.

Dimensions I

Holotype, MfN
D

21
u ww WH

MfN, PI.5.9,Figso6-8 34.4 ca14.2 4.1 11

Remarks I Lange avoided any confusion over the status of this
species with a statement of designation exhibiting rare precisionl
"Frech's Gonioclymenia subarmata 1902, Taf. 2, 3a stellt dagegen
ein andere neue Art dar :=: Gonioclymenia brevispina nom. nov."
Frech's figure was a composite (see Frech 1902, pl. II(I) explana-
tion) the inner five whorls of which were based on a specimen from
Wroc~aw, and the outer whorl was based on a specimen in Berlin.
Lange designated this latter specimen as the hOlotype, and it is
figured here. Lange considered the specimen on which the inner
whorls of Frech's figure were based to be Gon. (subgen •.Nov. ~)
biimpressa.

Horizon and distributionl The species is known from the Wocklurneria
Stufe of the type locality, Dzikowiec, and from the Sauerland,
where Schindewolf (1937a) reported it from Beds 13-11 at the top
of the "Kalloclymenia subarrnata and brevispina. Zone" (lower
Wocklumeria Stufe). He also reported it questionably from Bed 22.
Evidence for this latter occurrence came from the recognition
of this species in two levels at Dzikowiec. The upper one he
correlated with Beds 11 and 10 of his Oberr8dinghausen section,
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and the lower one with "Bed 221". The reasoning for this (1937a,
p. 21) was that brevispina was a species occurring, albeit quest-
ionably, in the Wocklumer Schichten, "auf Grund der Kalloclymenia
brevispina gehort sie aber zweifellos noch den Wocklumer Schichten
an"o

This opinion is unfounded, and other taxa reported as occurring
with Gen. nov. A brevispina, i.e. Cymaclymenia striata, Kosmo-
clymenia bisulcata and Kosmoclymenia cf. undulata, were all names
misinterpreted by Schindewolf, and their horizon can be stated only
as Clyrnenia or Wocklumeria Stufen.

Subfamily Sphenoclymeniinae novo

Type genus. Sphenoclymenia Schindewolf 1920.
Diagnosis. Gonioclymeniidae with additional umbilical or adventive
lobes.

Two genera are recognised.
Schizoclymenia Schindewolf 1920
Sphenoclymenia Schindewolf 1920

Remarks. Schizoclymenia Schindewolf 1920 was regarded by Schinde-
wolf (1957) as a synonym of Gonioclymenia, and he stated that it
was based on a misinterpretation of the internal suture of a
specimen figured by Drevermann (1901, pl. XIII, fig. 10)as Clymenia
sp. This single specimen formed the basis for a new species,
Schiz. drevermanni Schindewolf 1920, but I have been unable to
locate the specimen amongst the collections at Marburg, where most
of the material figured by Drevermann (1901) is held.

Horizon and distribution. Known from the clymenia and Wocklumeria
Stufen of Germany, North Africa and the Urals.
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Genus Sphenoclymenia Schindewolf 1920

Type species. Goniatites maximus Mfinster 1832, by original design-
ation of Schindewolf 1920, p. 128.
Diagnosis. Member of the Gonioclymeniidae with ventral, four lateral,
umbilical and dorsal lobes.

Description. Evolute, with compressed fastigate or quadrate whorl
section. Ornament is lacking or consists of plicate ribs, or
ventro-Iateral spines. The suture is illustrated in Textfig. 4.11,
most of the elements are pointed. ~ccording to Schindewolf
(1924, p. 98) the second umbilical lobe may be either inside or
outside the umbilical seam.

Available species names include.
*maxima. MUnster 1832, p. 29, pl. VI, fig. 3, Schubelhammer,

Oberfranken.
apertus Richter 1848, p. 36, pl. IV, figs. 125-6, Saalfeld,

Thuringia.
intermedia MUnster 1839, p. 29, pl. XVIII, fig. 7, Schllbel-

hammer, Oberfranken.
plana BogoSlovskiy 1981, p. 103, pl. XVI, figs. 1,2,

textfig. 46, Kiya River, Aktyubinskaya Oblasti.

Schindewolf (1937a) p. 28) also recognised an unnamed species from
Bed 17 at Oberr8dinghausen.

Remarks. Schizoclymenia Schindewolf 1920, with type species
drevermanni was diagnosed by having one lobe less than Spheno-
clymenia (cf. Textfigs. 4.11A,C). Only one specimen has been
illustrated (Drevermann 1901, pl. XIII, fig. 10), and it is
questionable whether a generic distinction on the basis of the
absence of a ventro-Iateral lobe is useful, especially when
Sphene intermedia (Textfig. 4.11,B) has only a weak ventro-lateral
lobe.
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Horizon and distribution, The genus is known from the Clymenia
and Wocklumeria Stufen of Oberfranken and Sauerland (Wo Germany)
and Thuringia (Eo Germany), the Souara Valley (Algeria), and
Aktyubinskaya Oblast', southern Urals (USSR).

Sphenoclymenia maxima (MUnster 1832)
Textfig. 4.11A

* 1832 Goniatites maximus spo nov. - Munster, p. 29, pl. VI,
fig. 30

1834b Goniatites maximus Munster - Munster, p. 92, pl. VI,
.fig•.2, (French translation of MUnster 1832).

1839 Goniatites maximus Munster - Munster, p. 30, pl. XVIII,
fig. 8.

1843 Goniati tes maximus MUnster - Munster, p , 22, pl. VIa,
fig. 3 (copy of MUnster 1832) p. 54, pl. XVIII, fig. 8,
(copy of Munster 1839).

p 1863 Clymenia intermedia Munster - GUmbel, p. 157, pl. XXI,
figs. 4a-b.

1902 Gonioclymenia maxima Munster - Frech, p. 42, textfig. 7.
1920 Sphenoclymenia maxima Munster - Schindewolf, p. 128,

textfig. 2d.
1923a Sphenoclymenia maxima Munster - Schindewolf, p. 481,

textfig. 21d.

Type material, No type material has been identified. Interpre-
tation of the species is not in question, so no neotype has been
proposed.
Diagnosis I Sphenoclymenia with a fastigate venter and a relatively
deep, pointed ventro-Iateral lobe (Textfig. 4.11A).

Description. The description is based solely on the figures of
MUnster (1832, 1839) and GUmbel (1863). The whorl section is

subtriangular between whorl heights of 80 and 140mm. The impressed

area is small and shallow and the flanks are smooth. The suture
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consists of 12 mostly angular saddles and lobes (Textfig. 4.11A,
based on Schindewolf's 1920 figure). The ventro-Iateral lobe is
pointed and half as deep as the outer lateral lobe. Frech and
SchindewOlf(1920) both showed the umbilical lobe as being inside
the seam.

Remarks. MUnster based his original description on a fragment of
a specimen, of which he only figured a cross-section (1832, pl. VI,
fig. 3). He stated that the suture was similar to QQno (~.)
subarmata, but that the ventro- lateral lobe was on the flank.
Later he described and figured a fragment on which the suture over
the flanks was seen to contain not three but four lobes (1839,
plo XVIII, fig. 8). GUmbel figured the same specimen with greater
accuracy, which was improved upon further by Frech (1902, textfig.
7). Although Schindewolf made this species the type of his new
genus Sphenoclymenia he did not at this time, nor later, redescribe
it. This suggests that he did not examine MUnster's figured
material, and it cannot be found today.

Horizon and distribution. The type locality is Schubelhammer,
Oberfranken, and the species was also reported by Schindewolf
(1937a) from Bed 12 in the Kall. subarmata Zone at Oberroding-
hausen, Sauerland.

Sphenoclymenia intermedia (Munster 1832)
Pl. 5.9, Figs. 1-5, Textfigs. 5.7F,G

(1) 1831 Nautilus intermedius sp. noV. - MUnster, p. 181.
*v 1839 Goniatites intermedius Munster - Munster, p. 29, pl. XVIII,

fig. 7.
v 1843 Goniatites intermedius MUnster - MUnster, p. 53, pl. XVIII,

fig. 7, (copy of MUnster 1839).
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pv 1863 Clymenia intermedia Munster - GUmbel, p. 73, pl. XXI,
figso 3a-e.

1902 Clymenia plana var. intermedia MUnster - Frech, p. 40.
1924 Sphenoclymenia intermedia MUnster - Schindewolf, p. 101.
1960 Sphenoclymenia intermedia MUnster - Petter, p. 18,

pl. 2, figs. 15,a,16, textfig. 2A.

Type material. BSP AS VII 586, from Schubelhammer, Oberfranken,
is proposed as the lectotype and figured here, Pl. 509, Figs. 3-5.
Diagnosis. Sphenoclymenia with quadrate whorl section and shallow
ventro-lateral lobe.

Description. The lectotype is a large, weathered specimen on
which no inner whorls are preserved. It is evolute with a com-
pressed whorl section and flanks converging slightly to a broad
rounded venter. The ornament consists of broad, low slightly
sinuous radial ribs. The suture is illustrated in Textfig. 5.9F.

Another specimen, SM HI0397, has also been seen. It is a
fragment of a whorl which has been polished to show the suture
(Pl. 5.9, Figs. 1-2, Textfig. 5.9F). This specimen shows the
whorl section well. The flanks converge more strongly than on
the lectotype and they appear to be unornamented, but they are
weathered or polished. The course of the suture is visible over
the umbilical wall where there is a shallow lobe, centred outside
the presumed position of the umbilical seam. There is no such
lobe visible on the lectotype, but this may be caused by the failure
to prepare the suture well enough to reveal such a lobe.

Dimensions I

D U WW WH A

Lectotype, BSP AS 126 57.1 21.5 39.5 ca35
VII 586 88 ca38 vca17 31

13.1 23.8 22.5
SM H10397 22.3 44.7 41.6
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Remarks I Munster's (1839) figure is a very diagrammatic sketch
of a suture, but it shows the characteristic shallow ventro-lateral
lobe drawn more accurately on GUmbel's (1863) figure. Both
Munster and GUmbel figure specimens of similar size, and therefore,
the specimen figured by GUmbel is considered as the lectotype.
This seems to have lost its inner whorls since GUmbel's figure was
drawn.

Comparisons I This species is differentiated from Sph. maxima by
the whorl cross-sectional shape, and the depth of the ventro-lateral
Lobe , Schindewolf (1924) stated that in Sph. maxima the umbilical
lobe was centred inside the seam, and outside the seam in Sph.
intermedia. It has already been stated that no umbilical lobe
is present on the lectotype of Sph. intermedia, which may indicate
that the umbilical lobe, if present, is internal, or that no such
lobe is developed, or is hidden beneath matrix. Petter (1960,
textfig. 2A) shows a shallow umbilical lobe centred on the seam.

Goniatites apertus was recognised by Richter (1848) possibly
to be a synonym of Sph. intermedia. Richter's figures (pl. IV,
figs. 125,6) show a Spho intermedia-type suture and a whorl section
which converges to a flattened venter, and so can be regarded as
similar to Spho intermedia. The specimen is , however, a juvenile
and so assignation to this species cannot be certain.

Sphenoclymenia plana BogoSlovskiy has a much more compressed
whorl section,.and a spinose ornament on the ventro-lateral
shoulder.

Horizon and distribution I The species is known from Sauerland,
Oberfranken, Bohlen, Thuringia, and Ouarourout and the Souara
Valley. Both Schindewolf (1924) and Petter (1960) considered it
to be from the C1ymenia Stufe.



Suborder Clymeniina Wedekind 1914

Diagnosis. Clymeniida in which the ventral lobe is replaced
by a saddle early in ontogeny. Sutural pattern basically com-

I prises lateral and dorsal lobes, elaborated by formation of '
secondary ventral lobes and adventive, lateral and umbilical
lobes.

Remarks. Sutural variation within this suborder is far less
marked than in the Gonioclymeniina, and authors have recognised
only one superfamily, Clymeniaceae. Similarly there is far
less variety of shell form than in the Gonioclymeniina, but there
is greater variation in growth-line shape, which is used to dis-
tinguish families and genera (see Chapter 4).

Horizon and distribution. Representatives range from the ?sand-
bergeri or delphinus Zones to the evoluta Zone. Cymaclymenia
eVoluta from the Hangenberg Schiefer of the Sauerland is the
youngest known clymeniid. House (1970) has argued that the
Clymeniida evolved from the Tornoceratidae, via Tornia and
Platyclymenia. Clymeniina are known from all continents, except
Antartica and South America.

Superfamily Clymeniaceae Edwards 1849

Diagnosis. As for the suborder.

Included families. Cyrtoclymeniidae Hyatt 1884, Platyclymeniidae
Wedekind 1914, Rectoclymeniidae Schindewolf 1923a, Ca~inoclY-
meniidae Bogoslovskiy 1975, Clymeniidae Edwards 1849 and Cyma-
clymeniidae Hyatt 1884.
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Remarks I Subdivision into groups at familial level is rather
arbitrary, which reflects the lack of knowledge of the relation-
ship between them.

Family Platyclymeniidae Wedekind 1914

Type genusl Platyclymenia Hyatt 1884.
Diagnosis I Clymeniaceae with evolute to subevolute shell form.

,Growth-lines are concave, or concavo-convex. The suture is
simple, with a broad lateral lobe and a dorsal lobe, and sometimes
a ventral lobe. In Subfamily Nov. a this pattern is modified
by the addition of adventive or umbilical lobes.

Remarks I Two subfamilies are recognised, Platyclymeniinae and
Subfamily Nov. a, distinguished by their sutures.

Horizon and distribution. Examples are known from North America,
Europe, N. Africa, Urals, Iran, and Australia, from the Platy-
clYmenia and Clymenia Stufen.

Subfamily Platyclymeniinae Wedekind 1914

Type genusl Platyclyrnenia Hyatt 1884.
Diagnosis I Coiling evolute and discoidal with concave growth-
lines over the flanks. The simple suture consists of dorsal
and lateral lobes and a ventral saddle, sometimes there is an
umbilical lobe, and sometimes a ventral lobe.

Description a Evolute, U/D varies from 0.3-0.6 and WW!WH varies
from 0.5-2.25. Whorl cross-section varies between depressed
reniform, circular and quadrate compressed. Growth-lines are
concave or stxaight, radial or prorsiradiate and there is a



21t

ventral sinus. Concave ribs on the flanks are common. Para-
bolic ribs and ventral spines are also known.

Included general

Platyclymenia
(Plat.) Pleuroclymenia
(Plat.)Trigonoclymenia
(Plat.) Spinoclymenia

Stenoclymenia
?Trochoclymenia

Hyatt 1884
Schindewolf 1934
Schindewolf 1934
BogoSlovskiy 1962
Lange 1929
Schindewolf 1923a

Remarks I Following Schindewolf (193~) Platyclymenia has been
divided using the characters of whorl sectional shape and growth-
line course, into four subgenera. Platyclymenia, Pleuroclymenia,
Trigonoclymenia and Spinoclymenia. Spinoclymenia and Trigono-
clymenia, diagnosed by their distinctive ornament, are clear.

Schindewolf (1934) illustrated the simple growth-lines
of Platyclymenia (Plat.), but the specimen he illustrated (1923a,
pl. XVII, fig. 8) as annulata, the type-species, has growth-lines
which are transitional between Platyclymenia ss. and Trigono-
clymenia (see Textfig. 5.12J). PIeuroc lymenia, illustrated
(Schindewolf 1934) by depressed species from Raymond's (1909)
Three Forks Shale fauna, from Montana USA, has as its type species
crassissima Schindewolf 1955. This has growth-lines which are
concave (Textfig. 5.12G), and a whorl section which although
depressed, approaches the field occupied by typical Platyclymenia.
It is certainly more similar to species of Platyclymenia than to
the American species of Pleuroclymenia (~ Textfigs~ 5.13,
5.12G,J and 4.12G,H), which are very depressed (WW/WH >2), and
have convex growth-lines.

Trochoclymenia, which has a shallow umbilical lobe and a
ventral saddle, is only questionably included here (see Chapter 4).



Its sutural ontogeny is unknown but if Petter (1960) is correct
in dating Troch. ornata as from the Platyclymenia Stufe pf Algeria
(Marhouma) then it is more likely to be a near homeomorph of
Costaclymenia (which has a ventral lobe) than a relation 'Of it, .>

since this is not known until the Clymenia Stufe (however,
BogoSlovskiy (1981) has reported Costaclymenia from the Platyclymenia

,Stufe of Kazakhstan).

Horizon and distribution. Examples are mostly confined to the
delphinus and annulata Zones, and are known from Oberfranken,
Rheinische Schiefergebirge, Thuringia (Germany), Holy Cross
Mountains (Poland), England, Montagne Noire (France), Carnic Alps
(Austria-Italy), Urals, Kazakhstan (USSR), north eastern Iran,

,

Pakistan, Australia, North West Territories (Canada), and Montana
(USA) • BogoSlovskiy (1962) reported Spinoclymenia from the
Clymenia Stufe of the southern Urals.

Genus Platyclymenia Hyatt 1884

Type species. Goniatites annulatus MUnster 1832, by subsequent
designation of Frech 1902, p. 32, footnote 2.
Diagnosis. Member of the Platyclymeniinae with growth-lines which
are concave, radial or prorsiradiate, with a sinus over the venter.
The suture is simple consisting of a ventral lobe, a broad lateral
lobe and a dorsal saddle.

Description. Shell evolute to ?subevolute, whorl cross-section
circular to subcircular or quadrate, with converging flattened
flanks. Growth-lines are concave, either radial or prorsiradiate,
with a sinus over the venter. The suture is simple with a dorsal
lobe, a lateral lobe and a ventral saddle. Perna (1914, p. 60)
suggested that the genus could be distinguished from the morpho-
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logically similar Cyrtoclymenia by the length of its septal necks;
these are short in Cyrtoclymenia, ,yet longer (though not contiguous)
in Platyclymenia. Schmidt (1924, fig. 4) only partially confirmed
this. He showed~. subnautilina (annulata Zone) with a v-
shaped dorsal lobe and short septal necks, Cyrt. involuta (delphinus
Zone) with a broad shallow dorsal lobe and short septal necks,
but Cyrt. lata (Clymenia Stufe) was shown as having a deeper
dorsal lobe and long septal necks.

Bogoslovskiy (1976) illustrated a section through the initial
whorls of Plat. richteri (Textfig. 4.2B,C). The diameter of the
protoconch was O.52mrn and that of the embryonic shell O.96rnrn,the
body chamber being 2850 in length. Early septal necks are short
and the siphuncle migrates from a position central in the whorl in
the first septum to a normal dorsal position by the third septum.

The dorsal wrinkle-layer consists of closely spaced radial
anastomosing striae. The ventral wrinkle-layer is unknown.

Included subgenera. FOllowing Schindewolf (1934) four subgenera
are recognised.

Platyclymenia Hyatt 1884
PIeurocly!!!enia Schindewolf 1934
Trigonocly!!!enia Schindewolf 1934
Spinoclymenia Bogoslovskiy 1960 ,\

Platyclymenia has a subcircular or compressed whorl section,
Pleuroclymenia a depressed whorl section, Trigonoclymenia parabolic
nodes, and Spinoclymenia has spines projecting from the ventro-
lateral surface. Stenoclymenia, with a shallow ventral lobe, is
treated as a separate genus.

Remarks. There have been many attempts at designat~on of a type
species for this genus, and while £1. annulata MUnster has long,
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been regarded as the type species authors have had difficulty
pinning down where the earliest statement of this fact was made.
Platyclymenia was established by Hy~tt (1884, p.,314) but through
a typographical error, or otherwise, he did not use the same wording
in assigning species to this genus as he had done with others and
thus no type species was designated. It appears that the word i

"Type" was omitted from between "subquadragonal" and "Platy.
annulata", which would then have made the description conform in
style with Hyatt's others.

Hyatt's intention seems to have been to designate GUmbel's
figure (1863, pl. XV, fig. 11) as the type for Platyc1ymenia, since
this is first in the list of three species included within Platy-
clymeia (the others were Cl. spinosa and binodosa).

GUmbel (1863, p. 130) had given a long description of'Cl. _
annulata and included a number of other authors' figures in synonymy.
He had said that a small fragment (Pl. XV, fig. 11) was MUnster's
original. At first sight this statement may seem implausible since

/

Munster's figure (1832, pl. VI, fig. 6) is of a whole specimen
35mm in diameter, from Regnitzlosau (Oberfranken), whereas GUmbel's
is a fragment' half this size from Schiibelhammer (Oberfranken) '.
However, MUnster's original account states that the drawing was
greatly enlarged and later (1839, p. 14) he qualified his earlier
description by saying that this first figure was based on more than
one fragment, and that it had been incorrectly stated that the
specimens were collected from Regnitzlosau, rather than SchUbel-
hammer. Newly collected specimens enabled him to say that the
species was recognised to be a Clymenia and that the whorl section
was not rounded and quadrate, but rounded with equal whorl height
and width. This revised description still gave no account of the
suture.

In 1842 (p. 123, pl. XII, figs. la-c) MUnster published another



description of Cl. annulata, which differed significantly from the
earlier accounts. Here were shown S-shaped ribs and a sickle-
shaped Costaclymenia-type suture on a well preserved specimen.

, .
The rib shape alone would cause this specimen to be placed in a
different family.

We can now accept that the specimen figured by GUmbel (1863,
pl. XV, fig. 11), listed by Hyatt (1884) as an example of the genus
and probably intended as the type, and the specimen figured by
Munster (1832, pl. VI, fig. 6) are one and the same. This parti-
cular specimen, the lectotype, is lost; indeed no author since
GUmbel has described it.

Discussion. Platyclymenia was introduced by Hyatt (1884) to
- I,

accommodate evolute ribbed forms with simple sutures, comprising
rounded lateral and dorsal lobes. Frech (1887a - 1913) did not
use the genus Platyclymenia but merely defined its type in a foot-
note (1902). Other German accounts (e.g. Drevermann 1901, Wede-
kind 1908, Rzehak 1910, Born 1912a)also ignored it.

Wedekind 1908 introduced three genera, Rectoclymenia, Protacto-
clymenia and Varioclymenia, in all of which he included species
which would now be assigned to Platyclymenia. These genera
(in fact three '~Gruppen'~"Rectoclymeniae'~ etc. were defined' (1908,
p. 604-5) but later in the text the explicit terms "Gattung.
Rectoclymenia'~ etc. were employed) were defined by their growth-
lines and these definitions are paraphrased below. Wedekind
failed to designate any type species, which hinders current
interpretation.

Rectoclymenia. growth-lines radial and concave during all
growth stages.

Protactoclymenia. Growth-lines with a more or less pronounced
ventro-Iateral salient.



'Varioclymenial growth~lines on the phragmacone have a
pronounced ventro-Iateral salient, but are
radial on the body chamber.

Type species have subsequently been designated for two of the
genera, and a type species is proposed for the third.

Varioclymenia, Wedekind 1914, p. 301 type species Varioclymenia
12ompeckji, which is an illegal emendation of Varioclymenia
pompeckii Wedekind 1908, p. 607, pl. XLIII, figs. 4a, subsequently
designated by Matern 1931, p. 97, (designation invalid, see Cyrto-
clymenia below).
Rectoclymenia. Rectoclymenia roemeri Wedekird1908, p. 613. pl.
XLIII, fig. 9, subsequently designated by Matern 1931,p. 95.
(but see Gen. Nov. D. below).
Protactoclymenial Protactoclymenia pulcherrima Wedekind 1908,
p. 608, pl. XLIII, figs. 13,a, designation proposed herein (see
belOW) •

Using these type species to define the genera only VarioClymenia
falls within the Platyclymeniidae. Some of the species which
authors placed in Varioclymenia are not now placed within the
family e.g. kayseri Drevermann. wedekindi Born, sulcata Schindewolf.

Wedekind adopted the use of Platyclymenia in 1914 (po 29) in
his revision of the clymeniid faunas of the Rheinische Schieferge-
birge, introducing at the same time numerous species and providing
new generic diagnosis.

PIatyclymeni a 1 growth-lines concave over the flanks and
with a sinus over the venter.
growth-lines biconvex, becoming, straight on
the body chamber of mature individuals

Varioclymeniaa

...

Schindewolf (1923a) dropped the use of,Varioclymenia. but after
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submitting his text, assigned species to it in footnotes. He
described more than twenty species of Platyclymenia. Both
Wedekind and Schindewolf divided Platyclymenia into six groups on
the basis of shell form and ribbing, namely I

Group Definition
Plat. rotundatal rounded cross-section and ribs of even

thickness
~. annulatal flattened flanks with ribs thickening

towards the venter.~. bicostatal flattened flanks with paired ribs
Plat. Erotactal parabolic ribs
Plat. intracostatal ribs only on the earliest whorls
Plat. guenstedtil ribs absent

Later Schindewolf (1923b) changed his conception of Varioclymenia
and Platyclymenia. He believed that Varioclymenia was the pre-
cursor of Platyclymenia.

Platyclymenial

concavo-convex growth-lines, lacking parabolic
ribs
concavo-convex growth-lines, with parabolLc
ribs

Varioclymenial

Lange (1929) interpreted Varioclymenia as having growth-lines
which were biconvex in early stages, becoming straight and lacking
parabolic ribs. Because there was no sharp dividing line between
presence and absence of parabolic ribs Varioclymenia was separated
only at subgeneric level. Lange also recognised that in certain
early species the growth salient over the umbilico-Iateral shoulder
could be so slight as to give the impression that the growth-lines
were concavo-convex.

Both Schindewolf and Lange acknowledged that many transitional
forms existed between the species they recognised. In particular
Lange realis-ed that Wedekind's division of the genus into groups
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based on whorl cross-sectional shape was untenable. He preferred
to use the nature of the ribbing as a distinguishing character,
though even here there was no clear ,boundary between groups with
or without parabolic ribs, nor those with or without paired ribbing.

Lange also introduced Stenoclymenia for clymeniids with a
quadrate compressed whorl section, growth-lines which were concave,
prorsiradiate with a ventro-Iateral salient, and, most importantly,
a suture consisting of ventral, lateral and dorsal lobes. The
presence of a ventral lobe caused Lange to place this genus in
his suborder Gonioclymeniaceae, rather than inPlatyclymeniacea.

Clearly the question of variability could be solved only by
examining a large number of individuals and Schindewolf, (1934)
collected around 480 specimens from trenches at Hauern (Wildungen,
Kel~erwald) which he used as a basis for a comparison between
Platyclymenia from the Three Forks Shale (Montana) and European
forms. His conclusions were, however, somewhat limited being
restricted to a discussion of the three subgenera into which he
divided Platyclymenia.

He introduced two new subgenera, defined as follows and
summarised in a simple diagram, Textfig. 4.12

Platyclymeniaa
Pleuroclymeniaa

concave ribs
whorl cross-section depressed with
straight radial growth-lines and broad
shallow lateral and dorsal lobes
with parabolic ribsTrigonoclymeniaa

With the single exception of Nalivkina (1953)' all subsequent
authors have utilised this scheme.

In 1962 Bogoslovskiy introduced what he treated as an addition-
al subgenus of Platyclymenia, Spinoclymenia. This was distin-
guished by the presence of spines developed on the ventro-Iateral
shoulders, projecting ventrally. Walliser (1966) realised that
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Platyclymenia had been subject to taxonomic oversplitting when
describing a small collection of Platyclymenia from Iran. He
has postponed a thorough reconsideration of the genus until he has
obtained more material.

There are a large number of specific names available.
are listed below.

These

Although most of the species of Platyclymenia were initially
described from material collected at either Beil (Balve) or Kirch-
Gattendorf, both of which are the concern of this thesis, I do not
have sufficient material to make a decisive contribution towards
integrating the large number of available specific names or
charting their variation. At Beil the level yielding Platyclymenia
has in recent years been trenched and intensively collected over
nearly all its outcrop of 400m, making further cOllecting di~ficUlt.
Comment will be restricted to a discussion of the few types I
have encountered in examining museum collections.

Available specific names.

* annulata

alterna

arieticosta

beuelensis

bicostata

bisulcata
callimorpha

clarkei

MUnster 1832, p. 32, pl. VI, fig. 6, SchUbel-
hammer, Oberfranken.
Jenkins 1968, p. 543, pl. 105, figs. 8-11,
Tamworth, New South Wales.
Schindewolf 1923a, p. 459, pl. XIII, figs.
2a-b, textfig. 20, Kirch-Gattendorf, Ober-
franken.
Lange 1929, p. 101, pl. 3, fig. 28, textfig.
29, Beil, Sauerland.
Wedekind 1914, pl. 3, figs. 16,17,18 (holotype)
by subsequent deisgnation of Matern 1931,
Beil, Sauerland.
Schindewolf 1923a, p. 445, Langenaubach.
Lange 1929, p. 100, pl. 3, fig. 27, textfig.
28, Enkeberg, Sauerland.
Schindewolf 1923a, p. 452, pl. XVII, fig. 10,
Bed 14, Kirch-Gattendorf, Oberfranken.



correcta
erassa

eurvidorsata

eyeloptera

deeora

denekmanni

densieosta

densieostata
geminicostata

grossi

inostranzevi

intracostata

kasakstanica
h kasakstanica

mirabilis

nodosa

pattisoni

placida

pompeckii

pseudoflexuosa

quenstedti

Perna 1914, p. 75, pl. III, fig. 14, fig. 77.
Schindewolf 1923a, p. 458, textfig. 19b,
Bed 14, Kirch-Gattendorf, Oberfranken.
Sobolev 1912, p. 9, pl. IV, figs. 5-7, Lagow,
Poland.
Wedekind 1908, p. 610, pl. XLIII, figs. lla,
Enkeberg, Sauerland.
Kind 1944, p. 157, pl. 1, fig. 12, Mugozhar,
USSR.
Schindewolf 1923a, p. 450, pl. XVII, figs.
13a,b, Bed 14, Kirch-Gattendorf, Oberfranken.
Frech 1902, p. 31, pl. II(I), fig. 7, (l~cto-
type, designated by Jenkins 1968 as GUmbel
1863, pl. XV, fig. 13).
Tokarenko 1903, pl. III, fig. 2,a,3, s. Urals.
Petter 1960, pl. V, figs. 6,a, Ouarourout,
Saoura Valley, Algeria.
Muller 1960, p. 71, pl. 2, fig. 21, Sehleiz~
Thuringia.
Loewinson-Lessing 1892, p. 21, pl. II, figs.
2a-c, s. Urals.
Frech 1902, pl. II(I), fig. 8,.textfig. Ie,
La Serre, Montagne Noire.
Kind 1944, pl. 1, figs. 16,I7,a, Mugozhar, USSR.
Nalivkina 1953, pl. IV, figs. 4a,b, Mugozhar,
USSR.
Wedekind 1914, p. 45, pl. 3, fig. 6, Beil,
Sauerland.
GUmbel 1863, p. 130, pl. XVIII, figs. IIa-d,
Schubelhamrner, Oberfranken.
M'Coy 1851, p. 488, 1852, p. 403, pl. 21,
figs. lIa,b, Landlake, Cornwall.
Perna 1914, p. 77, pl. III, figs. 13a,b, pl. IV,
figs. 12,13a,b.
Wedekind 1908,p. 607, pl. XLIII, figs. 4,a,5,
Enkeberg, Sauerland.
Rzehak 1910, pl. 181, pl. I, fig. la (holotype),
b,e, pl. II, figs. 8,9, Brno, Czeekoslovakia.
Wedekind 1914, p. 45, pl. 2, figs. 5a,b,
pl. 3, figs. 10a,b, Beil, Sauerland.



guiringi

raricosta

recticosta

- richteri

rotundata

ruedemanni

rustica
schleizi

semiornata

semperornata

senilis

simplex
subnautilina

teicherti

transita
tschernyschewi

varicatum

walcotti

Muller 1956, p. 74, pl. 2, fig. 25, Schlei~,
Thuringia.
Schindewolf 1923a, p. 451, Bed 14, Kirch-
Gattendorf, Oberfranken.
.Rzehak 1910, p , 180, pl. II, figs. 10a-c,
Brno, Czeckoslovakia.
Wedekind 1914, p. 34, pl. 3, figs. 1a-c,
Beil, Sauerland.
Wedekind 1914, p. 34, pl. 2, fig. 15, Beil,
Sauerland.
Wedekind 1914, p. 46, pl. 2, figs. 1a-c,
pl. 3, fig. 9, Beil, Sauerland.
Perna 1914, p. 76, pl. III, fig. 15, textfig. 78.
Muller" 1956, p. 74, pl. 2, fig. 24, Schleiz,
Thuringia.
Petter 1960, p. 27, pl. V, figs. 12a, Erfoud
(Tafilalet), Algeria.
Petter 1960, p. 25, pl. IV, figs. 6,a', ll,a,
Erfoud (Tafilalet), Algeria.
Lange 1929, p. 100, pl. 3, fig. 26, Enkeberg, ..
Sauerland.
Kind 1944, p. 161.
Sandberger 1855, p. 5, pl. I, figs. 1a-f,
Kirschofen, Weilburg.
Jenkins 1966, p. 541, pl. 104, figs. 1-4,
textfigs. 2a-j, Tamworth, New South Wales.
Kind 1944, p. 161, pl. 1, figs. 18,a.
Rzehak 1910, p. 186 and Chernyshev 1887b,
p. 18, pl. I, figs. 23-6.
Sobolev 1914, p. 373, pl. 9, figs. 33a,b, 34,
Kielce, Poland.
Wedekind 1914, p. 38, pl. 3, figs. lla,b,
Beil, Sauerland.

Subdivision of Platyclymenia into species groups.
Platyclymenia (Platyclymenia) can be split into two groups

by shell shape.

snnulata Group
Concave or straight, radial to slightly prorsiradiate ribs



or growth-lines over the flanks,' cross-section subcircular to
quadrate compressed.

quenstedti Group
prorsiradiate ribbing or growth-lines with ventral band and

compressed quadrate whorl section.

The shape of growth-lines, ribbing and suture appear to be a
function of shell cross-sectional shape. Thus forms with a
subcircular cross-=section have. growth-lines with a relatively
deep sinus on the flanks and venter.

\

As ,the whorl cross-section
becomes compressed and the flanks flattened the growth-lines
become straighter and prorsiradiate with an increasingly deeper
ventral sinus. Forms with increasingly depressed cross-sections

, .

have growth-lines and sutures which become more radial and straight,
with a shallower ventral sinus (cf. Pleurocl~enia).

The other major varying character within Platyclymenia is
the ribbing strength and density. Generally where ribs are few
they are strong and vice-versa. Some forms are smooth, others
have ribbed inner whorls and smooth outer whorls, and yet others
have ribs which remain throughout all growth stages. The
combinations of these characters are best expressed in tabular
form; see Lange (1929), and below.

The end-points of these apparently continuous morphological
variants have been separated out by authors as distinct subgenera,
thus Pleuroclymenia grades into Platyclymenia, and Stenoclymenia
represents those variants of the ~. guenstedti group where
the venter has become so flattened that the ventral saddle is
expressed as a secondary shallow lobe. This effect can also be
produced by pOlishing flat the rounded venter of a normal Platy-
clymenia.

An attempt was made to examine the various species of Platy-



clymenia more objectively; to see if the groupings authors had'
made within it could be substantiated. Two characters were,

evaluated a the ratio WW/WH, which is an indication of the whorl
cross-sectional shape, and the ornament, principally a simple rib
count. The figures obtained were plotted in Textfig. 5.13.
The type specimens alone were considered, and thus only 42 "species"
appear on the plot. This is because data is lacking for the others
or the types are missing, unillustrated or are too poorly preserved
to show the features recorded. There is no stratigraphic control
and the rib counts have not been made at similar diameters. For
a more perfect comparison there should be plots based on examinations
of large numbers of individuals from single populations, accounting
also for ontogenetic variation in the whorl cross-section an<ill
ornament. ObviouSly if such samples were available more sophisti-
cated mUltivariate analysis could be carried out.

The groupings in the table appear to validate the_sub'jective,

divisions which have already been made by Schindewolf, Lange etc.
These groups area

1) with compressed rectangular whorl section
i) unribbed

arieticosta
prorsistriata
quiringi
schindewolfi
stenomphala
valida

ii) ribbed
clarkei
intracostata
sandbergeri

Schindewolf
Schindewolf
Muller
Lange
Lange
Phillips (~)

Schindewolf
Frech
Wedekind
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2) with compressed subcircular to circular whorl section
i) unribbed

beuelensis
crassa
placida
guenstedti
ruedemanni

Lange
Schindewolf
Wedekind
Wedekind
Wedekind

ii) ribbed, densities between 15 and 40 per whorl
a) annulata Miinster

bicostata Wedekind
densicosta Frech
semEerornata Petter
valida sensu Wedekind
walcotti Wedekind

b) mirabilis Wedekind
nodosa Munster
EomEeckii Wedekind
richteri Wedekind
rotundata Wedekind
rustica Perna
semiornata Petter

3) depressed whorl section
i) ribbed

americana
brevicosta
crassissima
polypleura

Raymond
Wedekind
Schindewolf
Raymond

Group Ii comprises species of stenoclymenia.
Group lii and 2 comprise species of Platyclymenia.
Group 3 comprises species of Pleuroclymenia.

No defence is made for the taxonomic usage of all species
listed, they are merely names for particular morphologies to assist
in discussion. Short diagnoses are given for the species 'listed
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in the table, mostly translations from authors' original descript-
ions.

In many cases lectotypes etc. areundesignated and the
opportunity is taken to propose them.

I

Measurements are listed
in the order diameter, umbilical width, whorl width, whorl height.
Where it is known the COllecting horizon, locality and museum in
which the specimen is now housed are given.

annulata MUnster 1832, p. 32, pl. VI, fig. 6 (= GUmbel,
1863, pl. XV, fig. 11, lectotype, designation
proposed here). Neotype (designation proposed
herein), Pl. 5.12; Fig. 8, Mbg, (dimensio~s belOW)
from Bed 14 Kirch-Gattendorf, Oberfranken.
Densly ribbed Platyclymenia with quadrate compressed
whorl section.

26.8 14 7

beuelensis
(ruedemanni
var . )

Lange 1929, p. 101, pl. 3, fig. 28, from "I metre
above the fossil rich bed", Beil.
Flanks more strongly curved than on ruedemanni,
and the venter more flattened.

38 16.5 10.5 11.5

bicostata Wedekind 1914, p. 38, pl. 3, figs. 16,17a,b,18a,b,
(lectotype, designated by Matern 1931, p. 100)
? 19 (not listed in text). Figs. 16 and 17 are,
at Menden, the rest are untraced. Thinly dis-
coidal, widely umbilicate with ribs arranged in
two's or three's.

25 13 7 7

callirnorpha Lange 1929, p. 100, pl. 3, fig. 27 (holotype)
Enkeberg.
Narrower umbilicus than pompeckii.

20 9 7.5 6

clarkei Schindewolf 1923a, p. 459, pl. XVIII, fig. 10
(lectotype, Mbg 3128, proposed herein) from Bed 14



crassa
(quenstedti
var . )

crassoides

cycloptera

denckmanni

densicosta

Kirch-Gattendorf.
Thinly discoidal, widely umbilicate with a quadrate
whorl section. Pl. 5.12, Figs. 1,2.

25 12

Schindewolf 1923a, p. 458, textfig. 19b (lectotype,
Mbg 3152, proposed herein) Bed 14 Kirch-Gattendorf.
Lacking ornament and with a more circular cross-
section than quenstedti.

32 14.8 9.0

Matern 1931, p. 102, footnote 1. Invalid sub-
stitution for ~. quenstedti yare crassa SChinde-
wolf 1923a, which is a senior homonym of Plat.
crassa Schindewolf 1923a (see Pleur. crassissima,
below) •

Wedekind 1908, p. 610, pl. XLIII, figs. 11a,
(lectotype, G8ttingen) Beds 10 or 12 at Enkeberg.
Fine ribs, whorl section depressed, becoming com-
pressed in later whorls.

21.5 7.09.5 7.2

Schindewolf 1923a, p. 450, pl. XVII, figs. 13a,b,
(hOlotype proposed herein). Recorded as from
Bed 14 Kirch-Gattendorf, but since Schindewolf did,
not collect this specimen it is difficult to see
how he could have determined the horizon. Pl. 5.15
Figs. 6,7.
Paired ribs with whorl width and height equal,
flattened flanks and wide umbilicus.

18 6.57.5 6

Frech 1902, p. 31, pl. II(I), fig. 7, Enkeberg,
untraced. Neotype, G8ttingen, proposed herein,
Wedekind 1914, p. 36, pl. 3, figs. 2a,b, from
Ense.
Defined by Frech as having "close ribs", and by
Wedekind as quadrate with strong angular ribs at



h densicosta
(richteri
var. )

grossi

all stages. At a diameter of 20mm ribs have a
spacing of 2.5mm.

28 13 9.2 8.9

Wedekind 1914, p. 35.
Never illustrated, defined simply as having denser
ribbing.

Muller 1956, p. 71, pl. 2, fig. 21 (holotype MfN
5522), Bed 3B Alte Heerstrasse, Schleiz. Widely
umbilicate with 10 ribs per whorl, circular whorl
section, becoming compressed.

15 3.5 A 49

intracostata Frech 1902, p. 32, pl. 11(1), fig. 8, La Serre,
Montagne Noire. Type material is presumed to
have been destroyed at Wroc±aw.
Smooth outer whorls, possibly with converging flanks.

mirabilis

nodosa

pattisoni

Wedekind 1914, p. 45, pl. 3, figs. 10a,b (lectotype
,

? Gottingen) designated by Matern 1931, p. 102,
pl. 2, figs. 5a,b, Beil.
Widely umbilicate with oval whorl section and no
radial ribs.
It 57 25 16 19.2

36.5 17.6 9.5 11.7

MUnster 1839, figured by GUmbel 1863, p. 47,
pl. XVIII, figs. 11a-c (lectotype BSP AS VII 606
proposed her~in), Schubelhammer, Oberfranken.
Outer whorls smooth with radial S-shaped growth-
lines and converging flattened flanks.

M'Coy 1851, p. 488, 1852, p. 403, pl. 2A, fig. 11
(holotype SM H990, Pl. 5.16, Figs. 5,6) Lower
Petherwin Beds, Landlake, Launceston.
Smooth compressed whorls.

20, 9.5 5 7

Selwood (1960) made this species the senior synonym



of Cl. subnautilina and followed Schmidt (1922)
in making that species a senior synonym of Platy-
clymenia guenstedti. Neither opinion is correct /
since Plat. subnautilina has weak ribbing (see
below). Plat. pattisoni is too poorly preserved
to be compared with Plat. guenstedti and is regarded
as a nomen dubium.

pompeckii Wedekind 1908, p. 607, PI~ XLIII, figs. 4,a
(lectotype, G8ttingen, designated by Matern 1931,
p. 99). Beds 12 or 13, Enkeberg.
Circular cross-section, strong radial ribs and
biconvex growth-lines at middle sized diameters.
Type species of Varioclymenia Wedekind.

47.5 25.5 15 13

pseudoflexuosa Rzehak 1910, p. 181, pl. 1, fig. 1 (proposed here
as the lectotype), pl. II, figs. 8,9, Haidenberg,
Brno.
Faint ribs, smooth body chamber with flattened
converging flan~s.

67
47

28
18 11.8

23
16

quenstedti Wedekind 1914, p. 45, pl. 3, figs. 10a,b (lecto-
type, G8ttingen, designated by Matern 1931, p. 102)
pl. 2, figs. 5a,b, Beil.
Widely umbilicate, oval whorl section and prorsi-
radiate bunched concave growth-lines and ventral
band. Pl. 5.14.
It 57

36.5
25
17.6

16
9.5

19.2
11.7

quiringi Muller 1956, p. 74, pl. 2, fig. 25 (holotype,
MfN 5526) Bed 3A Alte Heerstrasse, Schleiz.
Extremely widely umbilicate, flatly discoidal
without ribbing, and slowly increasing whorls.

24.5 12 3.5 5.5



raricosta

recti costa

richteri

rotundata

ruedemanni

schleizi
(subnautilina)

semiornata

~29

Schindewolf 1923a. p. 451. (holotype. Mbg. recognised
here and figured Pl. 5.16. Fig. 1) Bed 14 Kirch-
Gattendorf.
Paired ribs in early whorls, and widely spaced ribs
in outer whorls.

Rzehak 1910, p. 180. pl. II, figs. 10a-c (holotype
recognised herein), Haidenberg, Brno.
Smooth inner whorls. subsequently developing ribs.
Oval whorl section.

43.5 15.4 14.112.3

Wedekind 1914, p. 34, pl. 3. fig. 1 (lectotype
Menden, designated by Matern 1931, p. 99), Beil.
Very strong ribs on the inner whorls and widely
spaced on the outer whorls, where whorl section
becomes compressed. Pl. 5.12, Fig. 6.

60 27.7 17.7 20

Wedekind 1914, p. 34, pl. II, fig. 15 (lectotype
G8ttingen, designated by Matern 1931,p. 99), Beil.
Curved flanks present up to a diameter of 40mm,
with prorsiradiate concave growth-lines.

Wedekind 1914, p. 46, pl. 2, fig. 1a-c (lectotype
designated by Matern 1931, p. 103), Beil.
Widely umbilicate with flattened flanks and no
ribbing.

76.2 32.4 ca23 ca21.0
55.9 21.5 16.7 20
27.3 11.5 7.5 8.5

Muller 1956, p. 74, pl. 2, fig. 24 (holotype, MfN
5525) Bed 3A Alte Heerstrasse, Schleiz.
Widely umbilicate with straight growth-lines, which
run together to form a ventral band.

15 5.0 5.07.5

Petter 1960, p. 27, pl. IV, figs. 12,a (hOlotype
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proposed herein), Erfoud, Algeria.
Similar to ruedemanni but with ribbed inner whorls.

28 14 8.0 8.5

semperornata Petter 1960, p. 25, pl. IV, figs. 6,a, 11,a
(richteri var.) (lectotype proposed herein), Erfoud, Algeria.

Similar to richteri but with 32 ribs instead of 25.

senilis
(pompeckii
var, )

subnautilina

walcotti

It 54
21

15 .-
5

27
11.5

15
7

Lange 1929, p. 100, pl. 3, fig. 26 (holotype),
Enkeberg.
Differ from pompeckii in,developing flattened
flanks earlier.

27 12.5 9 8

Sandberger 1855, p. 5, pl. I, figs. 1a-f (lectotype,
Wsb, and syntype proposed here as Pl. 5.15, Figs.
9 and 8 respectively), Kirschofen,Weilburg.
Sandberger's figure is based on the lectotype, but
the ornament of the inner whorls and the patch of
shell near the aperture are based on the syntype.
Inner whorls weakly ribbed with faint S-shaped ribs
on the body.chamber.

Wedekind 1914, p. 38, pl. 3, fig. 11 (lectotype,
Menden, proposed herein), Beil.
Fine widely spaced ribs on the inner whorls flatly
discoidal and widely umbilicate. It has a curved
venter and single ribs at the aperture which
distinguish it from bicostata.

37.2 9 1117.6

Horizon and distribution. Platyclymenia is the most widely
distributed clymeniid, being known from Cornwall (England),

,
Rheinische Schiefergebirge, Harz, Thuringia, Oberfranken, Saxony
(E. and W. GermanY),.Holy Cross Mountains (Poland), Brno (Czechos-
lovakia), Montagne Noire (France), Carnic Alps (Austria-Italy),
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"s. Urals, Kazakhstan (USSR), Pakistan, Great Khinghan (China),
Canning Basin, New South Wales (Australia), Alberta (Canada) and
Montana (USA).

Most authors have reported the genus from the delphinus and
annulata Zones, but BogoSlovskiy (1979~ extended its range. into

the lower half of the Clymenia Stufe.

Subgenus Platyclymenia (Platyclymenia) Hyatt 1884
Textfigs. 5.12-14'

Type species I as for genus.
Diagnosis. Platyclvmenia with concave ribs, lacking spines or
parabolic tubercles.

Horizon. Platyclymenia Stufe.

Platyclymenia (Platyclymenia) annulata (MUnster 1832)
Pl. 5.12, Figs. 1-5,8, Textfigs. 5.12M,N

\

Goniatites annulatus sp. nov. - MUnster, p. 32,
pl. VI, fig. 6.

1834 Goniatites annulatus Munster - MUnster, p. 95,
pl. VI, fig. 4 (copy of MUnster's 1832 figure).

* 1832

Clymenia annulata MUnster - MUnster, p. 14.
Clymenia annulata Munster - Munster, p. 123, pl.
XII, figs. la-c.

1843 ClymEnia annulata MUnster - MUnster, p , 25, pl. VIa,
fig. 6 (copy of Munster's 1832 figure).

non
1839
1842

p , 1863

non. 1901

Clymenia annulata Munster - GUmbel, p. 130, pl. XV,
figs. I1a-d, only.
Clymenia annulata MUnster - Drevermann, p. 132,
pl. XIV, figs. 5,a,7,a.



non. 1902 Clymenia annulata MUnster - Frech, p. 31, pl. 11(1),
figs; 6a-c.

1902 Clymenia annulata var. densicosta nov. - Frech,
p. 31, pl. 11(1), fig. 7.
Platyclymenia annulata MUnster - Wedekind, p. 35.
Platyclymenia annulata var. densicosta Frech -
Wedekind, p. 36, pl. III, figs. 2a-b.

pv 1923a Platyclymenia annulata MUnster - Schindewolf, p. 447,
pl. XVII, fig. 7, non fig. 8.

1914

v 1923a Platyclymenia annulata var. densicosta Frech -
Schindewolf, p. 449.

non. 1929 Platyclymenia annulata MUnster - Lange, p. 107.
1929 Platyclymenia annulata MUnster - Lange, p. 108.

non. 1956 Platyclymenia (Platyclymenia) annulata (MUnster) -
Muller, p, 70.

non. 1960 Platyclymenia annulata (MUnster) - Petter, p. 23,
pl. IV, figs. 4,7,9,10, textfig. 3E.

? 1968

Platyclymenia,{Platyclymenia) annulata annulata
(Munster) - Jenkins, p. 503, pl. 104, figs. 5,6.
Platyclymenia (Platyclymenia) annulata densicosta
Frech - Jenkins, p. 540, pl. 104, figs. 7,8.

non. 1968

Type material. A neotype (Mbg) illustrated in Pl. 5.12, Fig. 8,
from Bed 14, Kirch-Gattendorf, Oberfranken, (see Schindewolf
1923a) is proposed. No syntype material could be traced.
Remarks. GUmbel's figure (1863, pl. XV, fig. 11) of MUnster's
original of Q. annulatus (1832, pl. VI, fig. 6), embellished and
enlarged when he figured it (see above, Genus Platyclymenia,
Munster 1839, p. 14 and GUmbel 1863, p. 130) is regarded as the
lectotype. The selection by Wedekind (1914), Schindewolf (1923a),
Lange (1929) and Jenkins (1968) of another of GUmbel's figures
(pl. XV, fig. 12), a specimen from Planitz (Saxony) in Geinitz'
Collection, as "Typus'~was invalid, since that specimen is not
from the type series. The figures of the juvenile lectotype are
insufficient for its accurate interpretation and therefore it is .
proposed that a neotype be selected from material from Kirch-
Gattendorf, which is near to the type locality.
Diagnosis. Platyclymenia (Platyclymenia) with quadrate to sub-
circular compressed whorl section, and rounded to flattened flanks
and venter. Ribs are closely spaced at all diameters and are
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sometimes paired on the inner whorls.

Description. Four specimens were studied, the neotype, and three
others from Bed 14 at Kirch-Gattendorf. ,All are housed at
Marburg, and are illustrated in Pl. 5.12.

The neotype (Fig. 8) is evolute, with an umbilical width
about 50% of the diameter. The whorl section is rounded in early
whorls, becoming quadrate with flattened flanks and venter. At a
diameter of ca 3mm there are periodic fine lirate growth-lines,
which develop into strong sharp ribs by a diameter of ca 10mm.
There are approximately fifteen ribs in the half whorl up to a
diameter of 5mm, and this frequency is maintained up to a diameter
of 20mm. Near to the aperture the ribs are diminished in strength
and packed twice as closely. The ribs never continue over the
venter.

Two other specimens of Plat. (Plat.) annulata from Bed 14 are
illustrated here. These are Mbg 3125 (Pl. 5.12, Figs. 3,4,
Textfigs. S.l3M.N) and Mbg 3128 (Pl. 5.12, Figs. 1,2). The former,
figured by Schindewolf 1923a, pl. XVII, fig. 7, as~. annulata,
has slightly different ribbing. The inner whorls have ribs'
which are wider spaced, there being ca 25 per whorl up to a diameter
of lSmm, and the ribs themselves are wider. The last whorl, up
to a diameter of 30cm, has finer ribs with a closer spacing,
numbering ca. 50 in the last half whorl.

The other figured specimen is the lectotype of Plat. clarkei
Schindewolf, apparently distinguished by its wider umbilicus, and
paired ribs on the inner whorls. The umbilical width is no
different from Plat. annulata, and the presence of paired ribbing
is not considered to be a specifically diagnostic character.

Discussion. MUnster's first illustration of g. annulatus (1832,
pl. VI, fig. 6) was a reconstruction, the extent of which has been
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demonstrated by GUmbel (see Genus Platyclymenia, above), who
figured what he believed to be the same specimen (1863, pl. XV,
figs. 11a,b). Subsequent authors (Wedekind 1914, Jenkins 1968)
ignored this information. Drevermann (1901, p. 132) included
GUmbel's figures in synonymy, and figured two examples, 7 and ISrnm
in diameter, from Langenaubach (pl. XIV, figs. 5,a',7,a), which can
now be identified as Trigonoclymenia sp.

Frech (1902) further confused the interpretation of this species
by figuring (pl. II(I), figs. 6a-c) examples from Enkeberg and
Beringhausen. One complete example had a subcircular whorl section,
a diameter of 28mm and ca 20 ribs in the last whorl. Inner
whorls appear to have ribbing only half as dense as in GUmbel's
figure 11. At the same time he introduced another name, var.
densicosta, for a variety with Closely packed ribs, and gave as
examples of this a figure of a fragment showing only six ribs
(pl. 11(1), fig. 7) and a reference (pl. XV, fig. 15) to a'figure
of a specimen from, the Fichtelgebirge, '~GUmbel Pl. XV, Fig. 15",
which doesn't exist. Rzehak (1910, p. 170) drew attention to the
differences between Frech,'s new interpretation of Cl. annulata,
and the figures of GUmbel and Munster, saying that Frech's cross-
section was far too rounded, unlike the quadrate sections reported
by GUmbel (figs. 12,13), Cherynshev (1887b, pl. 1, figs. 11-16) and
Wedekind (1908). He figured several specimens from Brno.

Wedekind (1914) recognised the broad way in which~.
annulata ('~dertypischen Art'~) had been interpreted and redefined
it as having a square whorl section flattened flanks and widely
spaced ribs. However, he did not provide an illustration. He
stated that he had been unable to trace MUnster's original and
based his interpretation on GUmbel's illustration (1863, Pl. XV,
fig. 12). This was a specimen from Planitz (Saxony) which Geinitz
had figured (1853, pl. IX, fig. 4, (fide auctt.» as Cl. dunkeri.i



Schindewolf (1923a, p. 447) followed Wedekind's opinion and
stated eXPlicitly that he regarded GUmbel's fig. 12 as the type,
because he thought it was uncertain ,whether the two figures
provided by GUmbel and MUnster, which purported to be of the same
specimen, were identical. Authorship was therefore attributed
to'GUmbel. This course of action, resulting in the interpretation
Platyclymenia annulata GUmbel, lectotype pl. XV, fig. 12, could
only be accepted if two conditions were to have been fulfilleda
that GUmbel was creating a new genus, and ,that he was clearly
interpreting annulata in a different way from its original author.

\

In fact no new genus was being established and the interpretation
was unchanged since GUmbel included in synonymy a figure of what
he thought was MUnster,'s original. Hence the above statement
that Schindewolf's designation was invalid.

Schindewolf figured photographically two specimens as ~.
annulata (1923a, pl. XVII). One (fig. 8) was from Langenaubach,
and the other (fig. 7) from Kirch-Gattendorf. Both of these are
illustrated here (Pl. 5.12, Figs. 9-12; 3,4, respectively).

Lange (1929) and Matern (1931) also recognise~ GUmbel's
fig. 12 as the type. Lange was the first person to attempt to
described precisely the ribbing and whorl' cross-section of Plat. '
(Plat.) annulata, which he did in tabular forma

annulata
Lange 1929, p.l08

D U WW WH
10.3 5.5 3.7 3.0
30.5 13.3 8.8 10.0
34.5 16.0 10.0 10.7
61.0 28.0 ca17.0 20.0
18.0 8.5 6.0 5.6
38.5 12.2 call 12.2

Ribs
21, 17
17

densicosta
Lange 1929, p.l08

29
31, 28

The only differences lay in the ribbing, with densicosta possessing
almost 50% more ribs at comparable diameters. However, intro-
duction of similar figures for the specimens he regarded as type~



(marked below with an asteris~ clouds the easy distinction that
Lange drew between Plat. annulata and densicosta, since the number
of ribs (annulata 26,28; densicosta 25,34) fallsbetween the values
which Lange thought were typical for both species.

D u ww WH Ribs
annulata
Schindewolf 1923a,
pl. XVII
fig.7 (distorted) 28
fig.8 20

* GUmbel 1863, pl.XV
fig.12 39
fig.13 26

16 7 7 ca60, ca25
ca23

20 8 11 26,
28,

28
24

densicosta
* Wedekind 1914,

pl. 3, fig. 2 28 13 7.2 8 34, 25

The lectotype of Plat. (Plat.) annulata, interpreted from
/GUmbel's figure, has at a diameter of ca 10mm ca 11 ribs in one

third of a whorl, and thus would be placed in densicosta by Lange
etc. The lectotype of Plat. (~.) densicosta has six ribs on
a fragment, the angular length of which is difficult to estimate.
GUmbel's figure 12 is listed above, as are the specimens figured
by Wedekind and Schindewolf.

In 1934, when he revised the genus Platyclymenia, Schindewolf
stated that Munster's original (1832) figure was to be regarded
as the type of Plat. annulata.
Treatise (Schindewolf 1957).

The last contributor to this discussion was Jenkins (1968),

This view was repeated in the

who adopted a dogmatic approach. He regarded Wedekind's (1914)
use of GUmbel's fig. 12 as the basis for his description as a
neotype designation for Plat. (Plat,) annulata annulata.

, -- Such a
view is untenable; Wedekind employed a very flexible usage of
the concept of "Typus" compared with modern (Code, 1961) definition



and I am sure he had no understan~ing of the meaning of neotype,
especially in the strict interpretation available to Jenkins.
In short Jenkins has tried to wring as much as possible from
statements written fifty years ago when a different philosophy-
prevailed. He _excluded GUmbel's fig. 11 (= MUnster 1832, pl. VI,
fig. 6) from synonymy and selected GUmbel's fig. 13 as the lecto-
,type for Plat. annulata densicosta, assuming, presumably, that this
was the specimen Frech had meant when he had erroneously written
fig. 15 (see above).

To accept GUmbel's figs. 12 and 13 as types of two subspecies
would leave little room for distinction (see rib count above).
Jenkins stated that 26 ribs was to be the dividing line. However,
we do not have to use as types the two specimens stated by Jenkins.
Wedekind certainly did not select a neotype for Plat. annulata and
GUmbel's fig. 13 is not available for selection as the lectotype
of Plat. Plat. densicosta, since it was not included in the type
series.

As things stand only one figure (GUmbel fig. 11) is available
for selection as the lectotype of Plat. annulata (for fig. 12 to
be available Hyatt would have had to have excluded fig. 11 in

giving examples of what could then have been regarded as Platy-
Clymenia gen. nov. Hyatt annulata sp. nov. Hyatt). Also only
one figure (Frech's fig. 7) is available for designation as the
hOlotype of densicosta Frech. Both are inadequate for clear
definition and neither can be traced, which is why the confusion
outlined above has arisen. Thus there is justification for
choosing neotypes. In selecting these an attempt has been made
to conform with the authors' original figures and with the inter-
pretations of subsequent workers. The material available has
also exercised a constraint.

The particular specimen (Pl. 5.12, Fig. 8) proposed as the



neotype for Plat. (Plat.) annulata is selected because it comes
from near the type locality of g. annulatus and because it closely
resembles MUnster's figure. This interpretation is at variance
with the opinions of some German workers (e.g. Lange) but is main-
tained because there seems to have been no agreement amongst these
authors, simply because so few illustrations of Plat. annu1ata
were ever published (viz. Frech 1902, pl. II{I), fig. 6, later
interpreted by Wedekind as Plat. rotundata; Drevermann 1901,
pl. XIV, figs. 5,7, which are two juveniles; Rzehak 1910, pl. II,
figs. 1-5, most of which are excluded by Schindewolf 1923a, Lange
1929, etc.; Schindewolf 1923a, pl. XVII, figs. 7,8, discussed I

below) • It is all the more important to define this species since
it is currently used as the index fossil for the upper part of the
P1atyc1ymenia Stufe, although I believe that authors have used
Schindewolf 1923a, pl. XVII, fig. 8 (= Pl. 5.12, Figs. 9-12) as
their model, which is in fact Plat. (Plat.) richteri.

The neotype came from Bed 14 at Kirch-Gattendorf and bears the
label Plat. annulata densicosta in Schindewo1f~s handwriting.
The specimen in Fig. 5 was also similarly labelled. They are less
densely ribbed. Bed 14 was recorded as a 2.40m thick limestone
(1923a, p. 256), and from it Schindewolf recorded (po 285) no less
than 18 species of Platyc1ymenia, namely'

rotundata Wedekind
• annulata Gumbel

densicosta Frech
walcotti sp. nov.

• raricosta sp. nov.
bicostata Wedekind

• clarkei sp. nov.
• denckmanni sp , nov.'

intracostata Frech

valida Phillips
• quenstedti Wedekind
• crassa sp. nov.

ruedemanni Wedekind
• arieticosta sp. nov.

barrandei Wedekind
spinosa MUnster
dorsocava sp. nov.
protacta Wedekind

Because of the thickness of Bed 14 these cannot have been collected



from one popu~ation but it is tempting to regard ha~f of these
(left-hand cOlumn) as synonyms, for they differ only slightly in
rib density and whorl cross-sectional shape. To these could be
added several other species which Wedekind (1914) introduced,
namely'

mirabi1is
richteri
richteri var. densicosta
valida sensu Wedekind, non Phillips

Initially comment will be restricted to those species marked
with an asteris~which are illustrated here. Dimensions of these
species were given above.

Most of the specimens collected at Kirch-Gattendorf are dis-
torted, flattened and often the disso~ved shell has been replaced
by a ch10ritic film on a stylOlitic surface. A specimen Schinde-
wolf interpreted as Plat. annulata from Bed 14 (Pl. 5.12, Figs.
3,4) differs from the neotype of P~at. (Plat.) annu1ata in having
less densely, more strongly ribbed inner whorls. By contrast its
outer whorls are densely ribbed. ,More different however, is the
other specimen which Schindewo1f interpreted as P~at. annu1ata.
This was from Langenaubach, and is discussed with Wedekind's
species from the Rheinische Schiefergebirge, below.

There appears to be no difference between the lectotype of
P~at. clarkei SchindeWOlf (Mbg 3128, Pl. 5.12, Figs. 1,2, proposed
herein) and Plat. (Plat.) annulata. Schindewolf asserted that
Plat. clarkei was distinguished from~. walcotti by a wider'
umbilicus. This is difficult to substantiate since the specimen
is both incomplete, and distorted. Platyclymenia raricosta
(Pl. 5.16, Fig. 1) is too poorly preserved to be treated other than
as a nomen dubiumJ it may be a~. (Trigonoclymenia). '



Wedekind (1914) described a number of species of Platyclymenia'
from the Rheinische Schiefergebirge, details of which were tabulated
above (see Plat,yclymenia). I •Three spec~es, mirabilis, rotundata
and valida sensu Wedekind, are very similar to the neotype of
Plat. annulata, and differ only .in their.whorl cross-sectional
shape, being more nearly circular. Wedekind's interpretation of
~. valida, based on the interpretation of Drevermann (1901) was
false, and especially so when Phillips' original and accurate
figure is compared with it (Pl. 5.16, Figs. 7,8, Textfig. 5.12I).
A specimen from Schleiz (Pl. 5.16, Fig. 9) figured by Muller (1956)
is illustrated to demonstrate the German use of the name valida
Phillips. For a current diagnosis of that species see under
Stenoclymenia, below.

Two species, walcotti and bicostata, were established by
Wedekind for examples with paired ribs, walcotti was distinguished
by the presence of single ribs near the aperture and a curved
venter. Paired ribs are a common feature of many Platyclymenia
and are not considered to be a diagnostic character.

Platyclymenia richteri (see below) is one of the better
defined of Wedekind's species, being based on an example 60mm in
diameter. It has strong widely spaced ribs on the inner whorls,
which become closer spaced and weaker on the body chamber. The'
specimen (Mbg 3126, Pl. 5.12, Figs. 7,9-12) figured by Schindewolf
(1923a, pl. ~I, fig. 8) from Langenaubach is considered to belong
to this species. Platyclymenia denckmanni (Pl. 5.15, Figs. 6,7)
may belong here also. A specimen of Plat. (~.) richteri from
Ainkhausen is illustrated in Pl. 5.13, Figs. 3,4,5,8,12. This
represents what I believe stratigraphers have used to define the
annulata Zone in the Rheinische Schiefergebirge. The ribs are
stronger. than ~. (~.) annula ta and more widely spaced.

This specimen, and the one figured by Schindewolf demonstrates



n ,~t
~ oil .•

a feature that was remarked on by Lange (1929), namely how difficult
it is to separate specimens with and without parabolic ribbingo

,

There are no prominent ears, as are developed on'Plat. (Trig.)
spinosa, but in places the ribs and growth-lines are convergent.

, "

This feature is especially visible on Pl. ,5.12, Fig. 7, Textfig. 5.12L
in the last whorl where the ribs extend onto the ventral margins.
and clearly cut across the growth-lines.

I

Wedekind's variety of
Plat. richteri densicosta cannot be interpreted because of the lack
of a description or illustration.

At the opposite end of the spectrum from~. (Plat.)
annulata Plat. (Plat.) subnautilina shows only rudimentary ribs
on its inner whorls and Plat. beuelensis Lange and~. ruedemanni
are totally lacking in ribs. Platyclymenia densicosta is con-
sidered as a synonym of Plat. annulata, as may be Plat. valida
sensu Wedekind (see above), which has even more ribs. Platyclymenia
guenstedti has distinctive prorsiradiate, bunched' concave growth-
lines and possesses a ventral band.

Until more cOllecting is undertaken from various levels within
the annulata Zone no further advances can be made in the under-
standing of this group of Platyclymenia. Therefore, none of the
names used are accorded a systematic position, except for ~.
(Plat.) annulata, richteri, nodosa, subnautilina, ruedernanni and
guenstedti.

Specimens figured in the literature from outside Oberfranken
can also be included within Plat. annulata. These are Plat.
densicosta (Wedekind 1914, pl. III, fig. 2a) and three with more
circular whorl sections and closer spaced ribbing' E1!1. valida
(Wedekind 1914, pl. III, figs. 3a,4), ~. rotundata (Wedekind
1914, pl. II, fig. 15) and~. mirabilis (Wedekind 1914, pl. III,
fig. 6a).



Comparisons I The closest species is ~. richteri, with fewer
stronger ribs in the inner whorls and a smooth body chamber.
This is described below.

Horizon and distribution. Platyclymenia (Plat.) annulata is widely
-reported,in the literature, from south west England' to the southern

Urals, ,Algeria, Iran, the Khingan Mountains of China and south
eastern Australia. For the most part these reports are unhelpful
because of the lack of a clear diagnosis of Plat. (~.) annulata.
Interpretation appears to have been based on Schindewolf's figure
(1923a, pl. XVII, fig. 8) of a specimen from Langenaubach. This
is discussed below under Plat. richteri.

This species is the index fossil for the annulata Zone of
Germany. It could be proposed that this zone be renamed the
richteri Zone since most reports of Plat.'annulata have probably
,been of this species. There would probably be considerable
opposition from stratigraphers to such a proposal because the ~-
lata Zone is firmly embedded in the literature. The only way to
reconcile the continued usage of the name annulata Zone would be
to apply to the ICZN to designate Mbg 3126 (Schindewolf 1923a,
pl. XVII, fig. 8) as the neotype of Plat. (~.) annulata.

'Platyclymenia (Platyclymenia) richteri Wedekind 1914
Pl. 5.12, Figs. 6,7,9-12, Pl. 5.13, Figs. 1-5,8,12, Textfig.S.12K,L

Platyclymenia richteri sp. noV. - Wedekind, p. 34,
pl. 3, fig. 1.

v. 1923a Platyclymenia annulata GUmbel - Schindewolf, p. 447,

v* 1914

pl. XVII, fig. 8.
1929 Platyclymenia richteri Wedekind - Lange, p. 111.
1929 Platyclymenia annulata GUmbel - Lange, p. 107.



1931 PIatycly'!!!enia Wedekind - Matern, p. 99.
1960 Pla:t~clymenia richteri Wedekind - Petter, p. 25, pl. IV,

figs. 13,a.
PIatycly'!!!eniaannulata var. densicosta Frech - Petter,
p. 24, pl. IV, fig~ 5, pl. V, figs. 13,a, 23.
Platyclymenia annulata (MUnster) - Petter, p. 23,
pl. IV, figs. 4,a,7,a,9,a,10,a, textfig. 3E.

Type materiall The lectotype from Beil (subsequently designated
by Matern 1931, p. 99) was figured by Wedekind 1914, pl. III,
fig8. 1a-c, and is now housed in the Staa tsmuseum Menden.
Diagnosis I Platyclymenia (Platyclymenia) with circular cross-
section in earlier whorls, becoming quadrate. Inner whorls have
strong widely spaced ribs which diminish in strength on later
whorls, culminating in a body chamber with only weak indications
of slightly concave ribs.

Description I Besides the lectotype (Pl. 5.12, Fig. 6) specimens
examined include examples from W~schholz (Oberfranken) (Pl. 5.12,
Figs. 7-12, Pl. 5.13, Figs. 5,8,12), Langenaubach and Ainkhausen
(Rheinische Schiefergebirge).

The lectotype has its inner whorls obscured by matrix. There
are 15 blunt ring-like ribs in the whorl up to a diameter of ca'
20mm, followed by a further 15 in the next half whorl, to a diameter
of ca 30mm. The ribs are concave and persist to just over the
ventro-lateral shoulder. In the last whorl seen the ribs grad-
ually diminish in strength. The whorl section at a diameter of
30mm is quadrate, with flattened,' Slightly rounded flanks and a
rounded venter.

The small specimen from W~schholz (Pl. 5.13, Fig. 2) has
narrow, paired ribs to a diameter of 10mm, which are succeeded by

single ribs which are less strong than on the lectotype. A well
preserved specimen (lIDP82.3) was c.ollected from a loose block
(see Chapter 7) at Ainkhausen (Pl. 5.13, Figs. 1,3-5,8,12).
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This shows well the ribbing of the innermost whorl (Fig. 12).
Even at these small diameters some of the ribs cross cut the growth-
lines. The rib density on this specimen is far less than on the
lectotype, there are twenty ribs arranged in pairs in the whorl
prior to a diameter of 20mm, and at this point the ribs begin to
diminish in strength, and are barely present on the later stages,

of the body chamber. The flank ribs are reflected on the internal
mould, as well as shallow sinuses over the venter. At a diameter
of 20mm there was a break in the shell (Figs. 1,4) and when shell
growth resumed the fracture was sealed internally from a position
just apicad of it (Fig. 1). Also visible in Fig. 1 is the fine
keel associated with the wrinkle-l.ayer.

Dimensions I

D U WW WH
Lectotype, Wedekind 60 27.7 17.7 20
1914, p. 34.
HU P82.3 37.2 17.2 11.9 12.4

29.8 13.8 ca 5.2 9.0
Mbg 3126 33.4 15.2 8.4 10.8

29.2 13.6 7.3 10.3

Remarks I This species has been described simply because it is

believed that most authors have treated this form as~. (Plat.)
annulata. It is not possible, with only the photographs ofttype
material available, to say which other species of Platyclymenia
should be included in synonymy.

Comparisons. Platyclymenia (Plat.) annulata has more closely
spaced, finer ribs on inner whorls, and tends to have a more
square whorl section and a wider umbilicus. Platyclymenia
(~.) nodosa has S-shaped growth-lines on the body chamber.

Horizon and distributionl There is no precise stratigraphic
information for this species, believed to be restricted to the



annulata Zone.

Platyclymenia (Platyclymenia) nodosa MUnster 1839
Pl. 5.13, Figs. 9-11

1839 Clymenia binodosa var. nodosa nov. - MUnster, p. 10.
1843 Clymenia binodosa var. nodosa MUnster - MUnster, p. 38,

(copy of Munster 1839). I '

p. 1863 Clymenia annulata Munster - GUmbel, p. 131, pl. XVIII,
figs. 11a-c only.

IType materiall The specimen (BSP AS VII 600) which GUmbel figured
\

(1863, pl. XVIII, figs. 11a-c) and claimed (1863, p. 132) was the
"original'~ of Cl. binodosa var. nodosa MUnster is proposed as the
lectotype.
DiagnosislPlatyclymenia with compressed whorl section, converging
flanks, rounded venter and strongly ribbed inner whorls, with smooth
body chamber and radial weakly S-shaped growth-lines.

Description I Evolute, whorl section subcircular up to a diameter
of 20mm, thereafter becoming quadrate (Pl. 5.13, Fig. 9). The
first three whorls seem smooth, then the whorl between a diameter
of ca 5 and 10mm has a sculpture consisting of 12 pairs of ribs.
Only fragments of the shell of outer whorls are preservedJ in the
half whorl between a diameter of ca 15 and 20mm there are six
single prominent radial, slightly concave ribs which diminish in
strength, becoming blunt by a diameter of ca 32mm, and do not
continue onto the umbilical wall.

Faint, rursiradiate plicate ribs are visible On the internal
mould of the body chamber, though not on the shell itself, which
shows only concavo-Convex growth-l~nes.
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Dimensions.

BSP AS VII 600
D

58

U

23.4
ww
12.8

WH
21.4

Discussion. Munster's description (1839, p. 10) of the variety
to which GUmbel attributed this specimen is short and lacks a
figure. "Clymenia nodosa, a variety of Cl. binodosa, which has
only a single row of tubercles on the outer side". Presumably
Munster meant that his new variety had a series of ventro-Iateral
tubercles. It is clear that this description is difficult to
apply to the specimen figured by GUmbel as MUnster's "original".
If MUnster had had this large well preserved specimen to hand
when he established the new variety nodosa it is likely that he
would have illustrated it, or at least given a fuller description.
Therefore, it is possible that this specimen does not come from
the type series of Cl. nodosa. However, there are several
unnumbered similar but less well preserved specimens in the MUnster
Collections at Munich and Berlin, all labelled as "nodosa Munster",
thus it is certain that Miinster interpreted the species in this
way.

Frech (1902) drew attention to the similarity between this
specimen and his new species Cl. intracostata from La Serre,
Montagne Noire. Certainly from a comparison of the figures, the
ornament and the whorl cross-section appear similar but Cl.
intracostata should not be treated as a synonym until fresh material
is collected from the type locality, the original material being
untraced at present.

Horizon and distribution' The type locality is Schubelhammer,
Oberfranken. The horizon of the lectotype is unknown, but is
probably the annulata Zone.
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Subgenus Platyclymenia (Pleuroclymenia) Schindewolf 1934

Type species. Platyclymenia crassa Schindewolf 1923a (= Pleuro-
clymenia crassissima Schindewolf 1955 n2m. subst. pro Plat. crassa
which was preoccupied by Plat. 9uenstedti var. crassa Schindewolf
1923a), by original designation of Schindewolf 1934, p. 343.
Diagnosis. Platyclymenia, with depressed almost reniform whorl
section and growth-lines which are radial over the flanks and form
a broad sinus over the venter.

Description. Few species are well known,and a description is
given below of the type species.

Available specific names.

crassissima Schindewolf 1955, p. 419, nom. subst. pro Pleur.
crassa Schindewolf 1923a.

americana Raymond 1907, p. 118, textfig. 1. Three Forks
Shale, Montana. Many strong ribs, growth-lines
with a wide deep ventral sinus. Cross-section
subrectangular with a depressed venter.

D

32
u ww

14
12

WH
8
9.5

brevicosta Wedekind 1908, p. 608, pl. XLIII, figs. 3,a (lecto-
type proposed here) Beds 11-8 Enkeberg. Extremely
depressed, reniform whorl section with numerous
strong blunt radial ribs on inner whorls and a smooth
body chamber.
Schindewolf 1923a, p. 458, textfig. 19c, (holotype
Mbg 3154, proposed here) Kirschofen, Weilburg.

h crassa

Whorl section reniform with radial ribs.
D U WW WH

37.5 15.0 15.5 12.4
34.5 15.5 11.6 11.6

costata Lange 1929, p. 63, pl. 2, fig. 14 (holotype) Beil.
30-35 ribs per whorl.

D u WW WH
30 13 9 14
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eurylobica Petersen 1975, p. 47, pl. 7, figs. 4-7, textfigs.
26,27B. This species (Textfig. 5.13, point 15,
shows increasing depression of the whorl section
and may be a Cyrtoclymenia).

D U WW

14.5 5.4 7.7
10.8 4.4 5.0

WH
5.5
4.3

humile Schindewolf 1934, p. 343, invalid substitution pro
Yare brevicosta Wedekind 1908 which has a different
spelling from Cl. brevicostata Munster 1842, and in
any case belonged to a different genus and was not
therefore a homonym. No type material of Cl.
brevicostata MUnster can be traced, the illustration
of it is of a juvenile (Munster 1842, pl. XII,
figs. 5,a,b) and it is therefore treated as a nomen
dubium.
Raymond 1909, p. 5, pl. 7, figs. 4-6, textfig. 5.
Ribs smaller and fewer than Pleura americana with
subcircular cross-section and small ventral sinus.

polypleura

D

16
U

8.5
ww
8

WH
4

transita Kind 1944, p. 161, pl. 1, figs. 18,a.

Discussion. This is another case (Cf. Gen. Nov. E, Gen. Nov. £)
of Schindewolf establishing a new genus with a particular type
species/specimen, but actually describing it with another. In
this instance (1934) Pleur. americana was used to define the growth-
lines of Pleuroclymenia. On americana these run straighter over
the flanks, and have a deeper ventral sinus than on the type
species. The whorl section is also considerably more depressed
(see Textfig. 5.13).

Horizon and distribution. Species are known from the Rheinische
Schiefergebirge (W. Germany), Thuringia (E. Germany), Canning Basin
(W. Australia) and Montana and Ohio (USA). Few specimens are
accurately dated, either by association with other species or
otherwise. The Montana examples are from the Trident Member,
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Three ForkS Formation, which has yielded a styriacus Zone conodont
fauna (Sandberg and Poole 1977). Wedekind and Schindewolf be-
lieved that their specimens were from the delphinus Zone, and Lange
suggested that his came from near the boundary of this and the
overlying annulata Zone.

Platyclymenia (Pleuroclymenia) crassissima Schindewolf 1955
Pl. 5.16, Figs. 2,3,10, Textfigs. 5,12G,H

*v 1923a Platyclymenia crassa sp. nov. - Schindewolf, p. 458,
textfig. 19c.

non 1923a Platyclymenia quenstedti var. crassa nov. - Schinde-
wolf 1923a, p. 458, textfig. 19b.

Type materiala Only the holotype Mbg 3154 (proposed designation
herein) from Kirschhofen, Weilburg, is known.

Description a The holotype is evolute with depressed whorl section,
which is reniform at a diameter of 36mm. The umbilical wall is
short and curved Slightly and the umbilico-Iateral shoulder poorly
defined. Textfig. 5.15 shows the ratio U/D to decrease and the
ratio WW!WH to decrease greatly, with increasing diameter. The
curved flanks run 'without break into the broad flattened venter.
Growth-lines are barely visible but the ribs (Textfig. 5.12G),
which run parallel, are radial, slightly convex over the flanks'
(but the hOlotype is distorted and also shows concave growth-lines/
ribs) • In early whorls the ribs have a symmetric cross-section"
but on the body chamber are asymmetric with the steeper face orad.
Ribs are present at all visible diameters, but diminish in strength
on the body chamber. The venter is smooth but the internal mould
shows deep constrictions (Pl. 5.16, Fig. 1). The suture is



illustrated in Textfig. 5.12G. It has a low ventral saddle.

Dimensions.
D U WW WH

HOlotype, Mbg 3154 41
PI.5.16,Figs.1,2 35.7 15.0 15.5 12.4
figured by Schinde- 34.5 15.5 11.6 11.6
wolf 1923a, textfig. 10.9 12.3 8.3
19c.

Discussion. Duplication of the specific name crassa in the original

account (Schindewolf 1923a) of this species required that a sub-
stitute name be proposed. Matern (1931) proposed crassoides,
but for the senior homonym, so this substitution was invalid.
The situation was rectified by Schindewolf (1955), who proposed
crassissima.

Horizon and distributions Only the holotype is known and its age
is uncertain, but is probably from either the delphinus or annulata
Zones.

Subgenus Platyclymenia (Trigonoclymenia) Schindewolf 1934

Type speciesl Clymenia spinosa MUnster 1842, by original designa-
tion of Schindewolf 1934, p. 343.
Diagnosis. Member of the Platyclymenia with parabolic ornament.

Descriptions Morphology resembles Platyclymenia with the exception
of the ribbing. During shell growth there were periodic halts
when an aperture was formed by resorption of shell on the outer
flanks and the venter to give tear-shaped or concave indentations
of the shell margin, cross-cutting pre-existing growth-lines.
The way in which the apertural margin cuts across growth-lines is
best seen in Pl. 5.17, Fig. 5. These features are the parabolic
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nodes of the diagnosis. Infilling of these sinuses resulted in
the triangular structures (see Pl. 5.17, Fig. 4) which are alluded
to in the generic name. Strong nodes are not always formed. In
some cases a rib is formed by the approximation of several growth-
lines which are only slightly transverse to the normal growth-lines.
Between these two types there is a spectrum of variants with pro-
gressively deepening nodes such as are illustrated in Pl. 5.17,
Figs. 1 and 8. Spi~al ornament is a common feature.

Available species names includes.

spinosa

biptycha

barrandei

crassicosta

curvicosta

dorsocava

epicypha
protacta

MUnster 1842, p. 122, pl. XI, figs. 15a,b, Schubel-
hammer, Oberfranken.
Lange 1929, p. 109, pl. 3, figs. 29,a, (hOlotype),
30, Beil, Sauerland.
Wedekind 1914, pl. 3, figs. 13a-b, 14, pl. 7, fig. 4,
Beil, (pl. 3) and Hovel (pl. 7), Sauerland.
Wedekind 1908, p. 616, pl. XLIII, figs. 1,a, Enkeberg,
Sauerland.
Wedekind 1914, pl. 3, figs. 12a,b, pl. 7, fig. 3,
Beil, Sauerland.
Schindewolf, 1923a, p. 455, pl. XVIII, fig. 1,
textfig. 18, Kirch-Gattendorf, Oberfranken.
Lange 1929, p. 110, Beil, Sauerland.
Wedekind 1908, p. 616, pl. XLIII, fig. 2, Enkeberg,
Sauerland.

Discussion. The development of parabolic nodes was, presumably,
to accommodate some protruding soft part, such as the eyes, when
the body was withdrawn into the shell. Similar features can also
be seen in Gonioclymenia (Kalloclymenia). Several species are
distinguished principally by the shape of their parabolic nodes.
However, since there is often considerable variation in nodal shape
within on~ specimen this characteristic is of little diagnostic
value. Most names will become synonyms of ~. (Trig.) spinosa.



Horizon and distribution. Species are known from the Platyclymenia
Stufe of the Sauerland, Oberfranken (W. Germany), Thuringia
(E. Germany), Carnic AlpS (Austria-Italy) and Algeria.

Platyclymenia (Trigonoclymenia) spinosa (MUnster 1842)
Pl. 5.17, Figs. 2-8, Pl. 5.15

non 1929

Clymenia spinosa sp. nov. - MUnster p. 122, pl. XI,
figs. l5a,b.
Clymenia spinosa Munster - GUmbel, p. 132, pl. XVI,
figs. la-d, non fig. 2.
Platyclymenia spinosa Munster - Lange, p. 115, pl. 3,
figs. 32,a, 33.

1934 Platyclymenia (Trigonoclymenia) spinosa Munster -
Schindewolf, p. 341, textfig. 9.

v* 1842

vp 1863

? Platyclymenia (Trigonoclymenia) spinosa (MUnster)
Muller, p. 75.

1960 Platyclymenia (Trigonoclymenia) spinosa (MUnster)

1956

Petter, p. 32, pl. V, figs. 10,a,b, 22,a,b,

Type material. GUmbel (1863) recorded three specimens from Munster's
collection in the BSP Munich. These are probably AS VII 521, 522
and 598. The largest of these, AS VII 598, is proposed as the
lectotype and was figured by Munster (1842, pl. XI, figs. 15a,b).

MUnster also mentioned specimens with shell; these are
considered to be AS VII 521 and 522, which therefore are syntypes.
Diagnosis. Trigonoclymenia with quadrate whorl section and tear-
shaped parabolic nodes on the ventrad part of the flanks.

Description. Four specimens were examined; the three syntypes
and another specimen (KW 2064) from Schubelhammer in the cOllection
of Dr. K. Wunderlich. All are figured in Pl. 5.17. Coiling is
evolute with a rounded whorl section in the inner whorls, becoming
compressed and quadrate with slightly convex converging flankS
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curving over into a flattened venter after a diameter of 40mm.
The ornament consists of ribs and parabolic nodes, which

appear at a whorl height of ca 4mm (AS VII 522). The growth-
lines are normally concave and radial (Fig. 5) with a deep sinus
over the flat venter. When the parabolic node is formed shell
is resorbed and a raised rim formed marginal to the tear-shaped
node (Figs. 5,7) which has a different shape internally from
externally (Fig. 7) being directed towards the venter, rather than
towards the apex. At the same time as the node is being formed
growth accelerates at the venter and the ventral sinus is infilled
to form triangular structures (Figs. 4,6). Only a shallow ventral
sinus is present during the period of cessation of growth. Nodes
are present up to a diameter of at least 32mm, and there is a
spiral ornament (Fig. 2, but better seen on Plat. (Trig.) barrandei,
Fig. 1) and very shallow ribs on the venter (Fig. 3). At greater
diameters the ribs diminish in strength, and are radial rather
than rursiradiate (Fig. 2) and the whorl cross-section becomes
more compressed (Fig. 8).

Dimensions I

D u ww
9.2

WH
Lectotype, BSP
AS VII 598
KW 2064

44 21.4 14.5

52 24.7 13 17

Discussion a The specimen figured by GUmbel (BSP BT,l863, pl. XXI,
fig. 2a) is excluded because it is a QQn. (Kalloclymenia). Lange
and Muller were incorrect in eliminating from synonymy GUmbel's
figures (1863, pl. XVI, figs. la-d), since three of these (la-c)
are based on the same specimen that Munster figured, which they
did include in synonymy. The specimens in Lange's figures (1929,
pl. 3, figs. 32,a, 33) seem to be closer to Plat. (Trigonoclymenia)
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barrandei (Wedekind 1914) in which the parabolic nodes are less
deep, and the ribs sickle-shaped.

Comparisons. Wedekind (1914), Schindewolf (1923a) and Lange (1929)
between them recognised at least another seven species of Trigono-
clymenia. Mostly these were distinguished by whorl cross-sectional
shape, or rib/node shape. All except Trig. dorsocava were
described from BeilJ this has a grooved venter and probably re-
presents a distinct species. The others with ribs varying from
simple to concave (crassicosta) and developing tear-shaped nodes
progressively in the morphological series protacta-barrandei-
curvicosta-spinosa. This, however, may simply represent variation

I have insufficient material to determinewithin one species.
this. A specimen from Hauern, figured in Pl. 5.17, Fig. 1, and
closest to Plat. (Trig,) barrandei is included for comparison.

Horizon and distribution. The species has the same distribution
as the genus, and probably comes from the annulata Zone.

Subgenus Platyclymenia (Spinoclymenia) Bogoslovskiy 1962

Type species. Spinoclymenia aculeata BogoSlovskiy by original
designation of BogoSlovskiy 1962, p. 166.
Diagnosis. Similar to Platyclymenia but with paired radially
directed spines, the bases of which lie on the ventro-Iateral
shoulder.

Description a The morphology of the only known species of this
genus is similar to Platyclymenia, with the exception of the ventral
spines. These are hOllow, conical, are connected to the body
and extend up to twO-thirds of the whorl height radially away from
the venter.
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Remarks. This subgenus is included to complete the description
of Platyclymenia. Spines such as these are known from no other
Devonian ammonoids. The flares or spines formed on Teicherti-
ceras, Acanthoclymenia, Pseudoclymenia, Gen. Nov. F and Kosmo-
clymenia all differ in not being connected to the body chamber,
but are merely peripheral extensions of it, nor are they completely
closed to form a hollow chamber. These spines may therefore have
performed a different function.

Horizon and distribution. Species are known only.from the Clymenia
Stufe of the southern Urals (USSR).

Genus Stenoclymenia Lange 1929

Type species. Stenoclymenia stenomphala Lange 1929, by original
designation of Lange 1929, p. 69.
Diagnosis. Member of the Platyclymeniinae with compressed whorl
section, flanks converging to a flattened venter, plicate ribs and
concave prorsiradiate growth-lines with a ventral sinus. Suture
consists of a dorsal lobe, a broad lateral lobe and a flat dorsal
saddle or shallow lobe.

Available species names include.

* stenomphala Lange 1929, p. 70, pl. 2, fig. 15, hOlotyp~from
Enkeberg. Thinnly discoidal with a wide
umbilicus.

prorsostriata

D U WW WH
36 15 7.2 12.5

Schindewolf 1923a, p. 453, pl. XVII, fig. 9
(lectotype, Mbg 3127, proposed herein), Bed 11,
Kirch-Gattendorf. Extremely compressed whorl
section (Pl. 5.16, Fig. 4).

D

31
U

14
ww
11

WH
3.5
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sandbergeri Wedekind 1908, p. 620, pl. XLIV, figs. 9,a,10
(lectotype designated by Matern 1931, p. 101)
Enkeberg.
section.

Ribbed, markedly quadrate cross-

D
37.3

U
19.6

ww
6

WH
10.8

schindewolfi Lange 1929, p. 71, pl. 2, fig. 16, holotype,
Beil. Narrow umbilicus.

D
41

U

13
ww
21.4

WH
11

valida
Kind 1944, p. 144, pl. 1, figs. 1,a, textfig. 1.
Phillips 1841, p. 126, pl. 54, fig. 245 (holotype

? elegans

GSM 7176) Landlake Qy., Launceston. Compressed
flanks with numerous ribs, concave, prorsiradiate,
at larger diameters these become superimposed
onto shallow wide ribs, and bifurcate at the mid-
flank, (Pl. 5.16, Figs. 7,8).

Discussion a Stenoclymenia was established by Lange for species
similar to Platyclymenia but with a compressed whorl section with
flanks converging to a flattened venter and a suture distinguished
by a shallow ventral lobe. Lange included this genus within the
Gonioclymeniaceae, implying that the dorsal lobe was primary.
Schindewolf (1934, 1937a) considered that this lobe was only second-
ary and a result of the flattening of the venter. Further
examples of platyclymeniids with ventral lobes are~. (Plat.)
prorsostriata and Plat. (Trig.) dorsocava. Recently BogoSlovskiy
(197gb) has described as new genera other species which have
flattened venters, compressed whorl sections and ventral lobes.
These include Kazakhoclymenia, distinguished from Cymaclymenia and
Carinoclymenia distinguished from Rectoclymenia.

The sutural ontogeny of Stenoclymenia is still unknown, but
it is reasonable to assume, given the flattening of the ventral lobe
in Platyclymenias with a compressed whorl section and flattened
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venter, and the similar development of a secondary ventral lobe in
other clymeniids, that the ventral lobe in Stenoclymenia is
secondary. Therefore it is classified with the Platyclymeniinae,
with which it has greater morphological similarity.

Horizon and distributiona The type species was dated as from the
delphinus Zone, and Lange (1929) recorded another species from the
annulata Zone. Bogoslovskiy {1979~ has extended the range up
into the ~velensis Zone. The.genus is known from the Rheinische
Schiefergebirge, Oberfranken (Wo Germany), and presumably from the
southern Urals (hence Bogoslovskiy's data).

Subfamily Nov. a

Textfig. 5.16

Proposed namea Piriclymeniinae.
Type genusa Piriclymenia Schindewolf 1937a.
Diagnosis a Platyclymeniidae with an arched ventral saddle, and
adventive, lateral and dorsal lobes.

Description. Besides the characteristic suture members of this
subfamily have a small shell with ventro -lateral grooves, growth-
lines which are concavo-convex, or biconvex, and frequently have
strong ribbing on the flanks.

Included general

Sulcoclymenia Schindewolf 1972
Piriclymenia Schindewolf 1937a
Ornatoclymenia Bogoslovskiy 1979b

Remarks. Schindewolf (1972) argued that Sulcoclymenia and Piri-
clymenia were derived from Platyclymenia by the addition of an
adventive lobe. He included these genera within the large family



Clymeniidae. Korn (1981a) suggested that Ornatoclymenia too was
derived from Sulcoclymenia. BogoSlovskiy (1979~ 1981) included
this group of genera within the Cyrtoclymeniidae. Full details
of the classification adopted here are given in Chapter 4 but it
suffices to say that here they are placed within a subfamily in
the Platyclymeniidae, which recognises their close affinities with
each other, and their direct origins in Platyclyrnenia, not Protoxy-
clymenia.

Horizon and distribution. Members of the subfamily are known from
Rheinische Schiefergebirg~, Oberfranken, s. Urals, Carnic Alps
and N. Africa.

Genus Sulcoclymenia Schindewolf 1972

p

p

1923a
1959
1972

Cyrtoclymenia Hyatt - Schindewolf, p. 427 (footnote).
Platyclymenia Hyatt - Petter, p. 31.
Sulcoclyrnenia gen. nov. - Schindewolf, p. 29.

Type species. Cyrtoclymenia sulcata Schindewolf 1923a, by original
designation of Schindewolf 1972.
Diagnosis. Genus of Subfamily Nov. a with a shell which has weak
ventro-Iateral grooves, lacks strong ribs, and has an external
suture consisting of shallow umbilical lobe; a shallow ventral lobe,
and a ventral saddle.

Description. Only the type species has been named, and this is
described below. It has concavo-convex growth-lines; other speci-
mens (see below) differ only in being weakly ribbed, or having
growth-lines which, as they run over the flank, are straight or
biconvex.

Comparisons. This genus has a suture similar to Piriclymenia, but
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a simpler ornament, lacking ribs.

Remarks: This genus was established by Schindewolf (1972) to
accommodate two specimens, named sulcata, which he had collected
from Oberfranken years earlier (1923a), and specimens illustrated
by Petter (1960) from the Sahara, to which she had given the same
specific name. The genus was diagnosed by its suture, but the
illustration which Schindewolf (1972) gave was not derived from the
type material of the type species, but rather from the illustrations
of the Sahara material. There can be no certain way of showing
that sulcata Schindewolf = sulcata Petter, but in the absence of
evidence to the contrary this suggestion is accepted here, but
doubt must remain until material showing the suture has been obtain-
ed from Oberfranken (see Textfig. 5.l2A).

Horizon and distribution. Known from the ?delphinus Zone of
Oberfranken and North Africa.

Sulcoclymenia sulcata (Schindewolf 1923a)
Pl. 5.19, Figs. 10,11,14,15, Textfig.5.12A

pv* 1923a Cyrtoclymenia sulcata sp. nov. - Schindewolf, p. 427,
pl. XVI, fig. 10, (non·fig. 11 = Sulcoclymenia aff.
sulcata).

1960 Cyrtoclymenia sulcata Schindewolf - Petter, p. 31,
pl. II, figs. 14, pl. III, figs. 3,a,5,b,6,a,9,a.

1972 Sulcoclymenia sulcata SChindewolf - Schindewolf,
p. 29, textfig. 2, (copy of the suture from Petter's
illustration).

Type material. SchindewOlf (1923a) based his description on two
specimens (Mbg 3129a,b), one of which. (a), illustrated in Pl. 5.19,
Figs. 10,11, is proposed as the lectotype. It was Collected by
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Schindewolf from Bed 10 at Kirch-Gattendorf.
Diagnosis I Sulcoclymenia with lirate concavo-convex growth-lines.

Description I The lectotype, although poorly preserved, is selected
because it shows the part of the suture. Coiling is subevolute
(U/D = 0.31). The whorl section is compressed; ventro-Iateral
grooves are present by a diameter of ca 12rnm. Growth-lines
(Textfig. 5.12A) are prorsiradiate, concavo-convex, with a broad
sinus over the flank, and a narrow, prominent dorso-Iateral salient
which has its apex ventrad of the ventro-Iateral grooves. Growth-
line frequency is ca 5 per millimetre, at a diameter of ca 15mm.
The poorly preserved suture (Textfig. 5.12A) is visible as an
indistinct boundary between the sparry calcite infill of the last
chamber, and the micrite infill of the body chamber.

A specimen (HO P82.1, PI. 5.19, Figs. 14,15) from Geuser, and
another from WXschholz (KW 2065, PI. 5.19, Fig. 19), both collected
from loose blocks, are included within this species. The former
is small but well preserved, and shows characteristic growth-lines
numbering 7 per millimetre at a diameter of 12mm, and ventro-Iateral
grooves by a diameter of ca 7mm. The venter is weakly arched,
and the growth-lines running across, although diminished in strength,
form a deep U-shaped sinus. The suture was not observed. The
specimen from WXschhOlz is much larger (D = 25) and has the same
whorl cross-section and growth-line frequency and course. At
diameters greater than 20rnrnweak, concave ribs are formed· over the
flanks, over which the growth-lines are relatively bunched.

Dimensions I

D U WW WH
Lectotype,Mbg 3129a 17.5 5.4 4.0 6.3
HU P82.1 13.4 5.5 ca 3 4.2
KW 2065 26 11.2 ca 8.7
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D U ww WH
Mbg 3129b
HU P82.2

12.5
14.7

5.8
6.2 3.1

3.2
4.3

Comparisons, Two specimens with a different ornament have been
observed, but are not given specific distinction. One, Mbg 3l29b,
is a second specimen collected from Kirch-Gattendorf by Schindewolf.
It (Pl. 5.19, Fig. 16) differs from the lectotype in being more
evolute (U/D = 0.23), and having growth-lines which, over the flank,
are slightly convex, rather than concave. The specimen from
W~schholz (HU P82.2, Pl. 5.19, Fig. 18) has truly biconvex growth-
lines, which are bunched into groups of 5-7, alternately widely and
Closely spaced.

Remarks, The lectotype, although not the specimen figured by
Schindewolf, is selected because it shows the suture. Growth-
lines are not well preserved on Petter's material from the Sahara,
but the enlarged figure (pl. III, fig. 3,a) and description show
a concave course over the flank.

Horizon and distribution' Preparation of conodonts from the matrix
of Mbg 3129b produced "no biostratigraphically useful forms"
(Prof. W. Ziegler). The lectotype was collected from Bed 10 at
Kirch-Gattendorf, accompanied by a fauna comprising Rectoclymenia
and Genuclymenia, which suggests a delPhinus Zone age.

Genus Piriclymenia Schindewolf 1937a

Type species, Platyclymenia piriformis Schmidt 1924, by original
designation of Schindewolf 1937a, p. 31.
Diagnosis, Genus of the Subfamily Nov. a with a strongly ribbed
pear-shaped body chamber, and a suture consisting of large.and
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strongly prorsiradiate ventral saddle, adventive and lateral lobes
and a dorsal lobe (Textfig. 4.13E).

Description. Only the type species has been established, and this
is described below.

Comparisons. Ornatoclymenia Bogoslovskiy 1979b has an homeomorphic
shell shape, but is distinguished by its sutureJ its lateral lobe
is similar to that of Cymaclymenia. Sulcoclymenia Schindewolf
1972, with similar shell form and suture has a less strongly pear-
shaped whorl cross-section, lacks strong ribbing, and has a ventral
saddle which is far less prominent.

Discussion. See Sulcoclyrnenia.

Horizon and distribution. This genus is known only from the Sauer-
land of the Rheinische Schiefergebirge, where Schindewolf (1937a)
reported numerous examples from the Clymenia Stufe. Korn has
recently used Pirie piriformis as an index for the fourth, upper-
most zone of the Clymenia Stufe.

Piriclyrnenia piriformis (H. Schmidt 1924)
Pl. 5.19, Figs. 4,8,9, Textfig. 4.13E

1921 "Clymenia'~ sp. aff. kayseri Drevermann - Schmidt,
p. 284.

v* 1924 Platyclymenia piriformis sp. nov. - Schmidt, p. 125,
pl. 6, figs. 18,19.

v 1937a Piriclymenia piriformis Schmidt - Schindewolf, p. 37,
fig. 4.

1972 Piriclymenia piriformis Schmidt - Schindewolf, p. 28,
fig. 2c.

1979 Piriclymenia piriformis Schmidt - Korn, in Clausen,
Korn and Uffehorde, p. 56, pl. I, figs. 1,2.
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1981a Piriclymenia piriformis Schmidt - Korn, p. 174,
figs. la-c, 2a,b, 3a-d, 4c.

Type material. Only one specimen from the type series, comprising
at least five specimens (Schmidt 1924, p. 125), has been located
by me. This, an unnumbered specimen in the MfN, figured by
Schmidt (1924, pl. 6, figs. 18,a) is proposed as the lectotype.
Type locality. Schmidt (1924) gave Ainghausen (sic) for the
origin of the lectotype. This is currently Enkhausen (Balve).
However, the label associated with the lectotype reads "Lotz
COllection, Homberg, north side".

Description I The lectotype (Pl. 5.19, Figs. 8,9) is poorly pre-
served with little shell still adhering. Coiling is evolute,
umbilical width amounting to 40-45% of the diameter, with a com-
pressed pear-shaped whorl section and a narrow flattened venter,
delimited by ventro-Iateral grooves, which are more clearly
expressed on the internal mould, than on the shell surface.
Widely spaced radial ribs are present on the flanks and over the
ventro-Iateral shoulder; these swing forwards and become less
marked on the body chamber. The complete growth-line course is
not preserved but over the venter of the ph~~mocone impressions of
strong lirae are present on the internal mould. A half-whorl of
body chamber is preserved; on the first part of this the ribs are
more closely spaced and then disappear, leaving an almost smooth
internal mould. The only suture discernible consists simply of
a ventral saddle and a broad lateral lobe, although this is damaged.

One other smaller specimen (MfN) has been examined (Pl. 5.19,
Fig. 4). According to its label this is from south south east Of
DMhlsen, and was used by Schindewolf (1937a, fig. 4) to illustrate
the suture of this species. However, this specimen shows no sign
of preparation in the dorsal area, which is included in SChinde-
WOlf's figure. The ribs on this specimen are far weaker, and more
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closely spaced than on the lectotype, but they show the same
variation on the body chamber. The nature of the external suture,
with its two lobes On the flank can be seen in Fig. 4. The ventral
saddle runs strongly forwards through the ventra-lateral furrow,
and narrow venter.

Comparisons. Ornatoclymenia ornata has a very similar shell form,
and is only surely distinguishable when the suture can be seen.

Discussion. Only three other examples of this species have been
figured (Korn 1981a, figs. 3a-d) and these demonstrate the broad
way in which this species is interpreted. The ribbing is different
on each specimen, all of which are preserved as internal moulds.
In fig. 3a there are strong, widely spaced ribs with 2 or 3 inner
ribs between. These minor ribs disappear from the flanks at a
diameter of ca 7rnm and are present only over the venter. Fig. 3c
has widely spaced ribs only, and there are no weak ribs or growth-
lines. Over the course of one whorl the specimen illustrated in
fig. 3d has an ornament consisting of strong lirate growth-lines,
followed by six strong ribs, and then the ribbing becomes less
strong and more closely spaced, and finally indistinguishable from
the growth-lirae. There is also variation between the three
specimens in the relative size of the lateral lobes and their
position.

With so few specimens available for study and no indication
of their relative stratigraphic position the significance of this
variability in ornament cannot be evaluated.

Dimensions I

D u ww WH
Lt., PI.5.19,Figs.8,9.19.1
Pl. 5.19, Fig. 4. 14.7

8.3
6.2

ca 3.8
3.5 5.9

4.7



Horizon and distribution. Korn (1981a) has used this species as
the index for the fourth and uppermost zone of the Clymenia StufeJ
it may range upwards into the Wocklumeria Stufe, though the base
of this is currently not well defined. The species is known only
from the Rheinische Schiefergebirge.

Genus Ornatoclymenia BogoSlovskiy 1979b

Type species. Clymenia ornata Munster 1834, by original designation
of Bogoslovskiy 1979~ p. 36.
Diagnosis. Genus of the Subfam. Nov. (1., with pear-shaped sub-
triangular whorl section, narrow venter delimited by ventro-Iateral
grooves, strong ribbing and a Cymaclymenia-type lateral lobe.

Description. Only the type species is known, and this is 'described
below.

Comparisons. See Piriclymenia.

Discussion. Schindewolf (1937a) recognised that the absence of a
deep umbilical lobe differentiates this species from other species
of Cymaclyrnenia, but nevertheless included it within Cymaclymenia.
Subsequently Kullmann (1960) and House (1970) questionably placed
ornata in Kosmoclymenia and Cymaclymenia respectively. The generic
position of the type species was settled, in a way, when Bogos1ov-
skiy (1979b) established a new genus to contain it. When it was
a species of Cymaclymenia,ornata was placed within the family
Cyrtoclymeniidae (e.g. Schindewolf 1923a)J BogoSlovskiy (1979b),
using a different classification, scheme, placed it in the Cyma-
clymeniidae.

On the basis of a poorly preserved specimen from the Cantabrian
Mountains Kullmann (1960) questionably assigned the type species to
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Thisthe genus Kosmoclymenia and hence in the family Clymeniidae.
opinion was strengthened by Korn, enlarging on the argument of
Schindewolf (1972), who had said that Piriclymenia was derived
from Sulcoclymenia, and by suggesting that Ornatoclymenia too was
derived from Sulcoclymenia.,

Horizon and distribution. Korn (1981a) used the type species as
an index fossil for the third zone of the Clymenia Stufe. The
genus is known from Sauerland, Oberfranken (WI Germany), Carnic
Alps (Austria-Italy), s. Urals (USSR) and possibly from the Can-
tabrian Mountains (Spain).

Ornatoclymenia ornata (MUnster 1834)
Pl. 5.19, Figs. 1-3,5-7,13,14, Pl. 5.20, Figs. 5-7

Textfigs. 5.12D-F

Clymenia ornata sp. nov. - MUnster, p. 77.
Clymenia ornata MUnster - MUnster, p. 122, pl. II,
figs. 7a-c.

1843 Clvmenia ornata Munster - Munster, p. 127, pl. II,
figs. 7a-c (copy of Munster 1839).
Clymenia striata var. ornata MUnster - GUmbel, p. 147,
pl. XVIII, figs. 9a-e, lOa-c.
Cymaclymenia ornata Munster - Schmidt, p. 288.
Cymaclymenia ornata Munster - Schindewolf, p. 442.
Cymaclymenia ornata Munster - Schmidt, p. 132, pl. 7,
figs. 4,5.
Cymaclymenia ornata Munster - Lange, p. 92.
Cymaclymenia ornata Munster - Schindewolf, p. 32, fig. 5.
Cymaclymenia ornata Munster - Lewowicki, p. 97.
Kosmoclymenia 1 cf. ornata (Munster) - Kullmann, p. 536.
Cymaclymenia (1) ornata (MUnster) - House, pl. 126,
figs. 16,17 (holotype).

1979b Ornatoclymenia ornata (Munster) - BogoSlovSkiy, p. 37,
pl. III, figs. 6,7, fig. 2.

* 1834
1839

v 1863

1921
1923a
1924

(1) 1929
1937a

(?) 1959
1 1960
v 1970
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1979 Piriclymenia (1) ornata (MUnster) - Korn, p. 58, pl. 1,
fig. 3, textfig. 3, figs. 7a-c.

1981a Ornatoclymenia orn'ata (Munster) - Korri, p. 179,
figs. 2c,d, 3e-h, 4d, 5a-f.

Type materiall BSP AS VII 550 is proposed as the lectotype.
Remarks I Both of the specimens figured by GUmbel (1863, pl. XVIII,
figs. 9a-e) are to be found in the BSP, Munich. The specimen
represented by figs. 9a,b, which GUmbel (1863) claimed was MUnster's
original, was illustrated by House (1970, pl. 126, figs. 16,17) as
the hOlotype of the species. MUnster When he first described the
species (1834, p. 77) failed to give a figure, or to state how
many specimens he had. Subsequently he figured an example (1839,
pl. II, figs. 7a-c) which is approximately the same size as the
specimen represented in GUmbel's figs. 9a,b. This specimen, AS VII
550, is believed to be the specimen figured by Munster (1839), and
is proposed as the lectotype, rather than the holotype, since it
can never be shown that the type series consisted of just one
specimen.
Diagnosis I Ornatoclymenia with umbilical width amounting to
approximately 50% of the diameter, compressed pear-shaped whorl
section, and ornament consisting in large specimens of lirate growth-
lines with a concavo-convex course, becoming biconvex and bunched
so as to form ribs.

Description I Four specimens from Schubelhammer collected by
Munster (MfN, 8M H10382 and BSP AS VII 550,551) were available for
study, together with four specimens (MfN) collected by Schmidt from
"Ziegelei (= brickyard) Muller, ihlendahl".

The lectotype, BSP AS VII 550 (Pl. 5.19, Figs. 5-7) is reason-
ably well preserved and shows most of the features of the mature
shell. The umbilical width amounts to 40% of the diameter, at a
diameter of 26.5mm, where the compressed whorl section is pear-
shaped with clearly developed ventro-Iateral grooves delimiting
the high arched venter.

The lirate biconvex growth-lines (Textfig. 5.12F) are alter-
nately widely and closely spaced on the flanks, the bunched growth-
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lines forming ribs, which are also visible.on the internal mould.
Over the venter growth-lines are equally spaced, and form a shallow
sinus. The Cymaclymenia-type suture is illustrated in Textfig.
5.12F, but has been revealed by pOlishing and so may not represent
the true form.

Two other Munster specimens allow more details of the species
to be determined. The small specimen from Berlin (Pl. 5.19, Figs.
12,13) has a whorl section which is subcircular up to a diameter
of 7mm. Thereafter the umbilical walls are more clearly defined,
and the flanks are less strongly curved. After a diameter of 17mm
the groove develops on the flatly rounded flanks. The growth-
lines at all stages are prorsiradiate and weakly biconvex, with a
broad mid-flank sinus. Ribbing is not visible externally, but
only on the internal mould of the body chamber, commencing at a
diameter of ca 12rnrn.

The whorl cross-section can be clearly seen on 8M HI0382
(Pl. 5.20, Figs. 5-7, Textfig. 5.12E). The ventro-lateral grooves
are formed by the shell thinning in that region~and the internal
mould has a simple subtriangular shape. This contrast can be
detected on all three specimens, where there is a strong groove
externally, but this is absent or weak on the internal mould.
Growth-lines are biconvex (Textfig. 5.l2D), groups of four alter-
nately bunched and widely spaced on the flanks so as to form ribs.
Growth-lines number three per millimetre on the venter at a dia-
meter of 20rnm,but become more crowded after this, doubling their
frequency where the ribbing is lost on the last quarter whorl.
The earliest sign of ribbing is developed by an umbilical width of
2.2mm, where there are umbilical tubercles.
diameter of 20mm.

All of the specimens from Elberfeld (Pl. 5.19, Fig. 1) are

Ribs disappear at a

preserved flattened in shales, with no sign of the suture and so



cannot certainly be assigned to this genus. BM C82398_,also from
Oberfranken,is recognised as belonging to this species.

Discussion. This species dates from 1834 and not 1839 as stated
by al·lauthors listed in the synonymy. The relationship of this
species to Sulcoclymenia and Piriclymenia on the one hand, and
Cymaclymenia on the other, has already been discussed. Suffice it

to say that it is not absolutely certain with which Orne ornata
has closer affinities.

Dimensions.
D U ww WH

Lectotype, BSP AS
VII 550
BSP AS VII 551
Pl.5.19, Figs.2,3.
SM H10382

26.5
20.6
23

12.4
8.5

ca 5.5
6.4
7

ca 8
7.8

10

22.2 10.2 ca 7.5 8.0

Horizon and distribution. Orne ornata is known from the Clymenia
Stufe of the Sauerland, Oberfranken, and the southern Urals.
Korn (1981a) used the species as the index fossil for the third
highest zone of the Clymenia Stufe.
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Family Cyrtoclymeniidae Hyatt 1884

Type genus. £yrtoclymenia Hyatt 1884
Diagnosis. Clymeniaceae with subinvolute to subevolute coiling,
globose to thickly discoidal shell, biconvex growth-lines with
prominent ventro-Iateral salient, and simple suture comprising
broad lateral lobe and dorsal lobe.,

Description. Shells are usually smooth, weak ribs are developed
near the umbilicus in some species. Septal necks are short.

Included general

Cyrtoclymenia
Protactoclymenia

Hyatt 1884 .
Wedekind 1908

Remarks I Protactoclymenia, established without a type species,
has been revived to contain subevolute species, previously included
in Varioclymenia or Cyrtoclymenia. Cyrtoclymenia, a long-ranging
genus, includes a spectrum of forms and is divided here into
morphological groups.

Comparisons. The Platyclymeniinae are all evolute and have concave
growth-lines. The Carinoclymeniidae and Rectoclymeniidae have a
more compressed, sometimes oxyconic shell-form, and again, different
growth-lines.

Horizon and distributionl Protactoclymenia is known only from the
delphinus and annulata Zones of the Rheinische Schiefergebirge
'W. Germany). Cyrtoclymenia is known from the Rheinische Schiefer-
gebirge, Oberfranken, Thuringia 'Germany), Poland, England, Brittany,
Carnic Alps 'Austria-Italy), Cantabrian Mountains (Spain), Montagne
Noire 'France), North Africa, Novaya Zemlya, Urals, Kazakhstan
'USSR), and Western Australia.



* 1884
1908p

p

p 1914

p

p

1923a
1924

p.

p

1929
1931
1953
1957

Genus Cyrtoclymenia Hyatt 1884
Textfig. :S.18

Cyrtoclymenia gen. nov. - Hyatt, p. 313
Varioclymenia gen. nov. - Wedekind, p. 605.
Protactoclymenia gen. nov. - Wedekind, p. 608.
Protactoclymenia Wedekind - Wedekind, p. 20.
Cyrtoclymenia Wedekind - Wedekind, p. 26.
Cyrtoclymenia Hyatt - Schindewolf, p. 421.
Cyrtoclymenia Hyatt - Schmidt, p. 126.
Lenticlymenia gen. nov. - Schmidt, p. 126.
Cyrtoclymenia Hyatt - Lange, p. 85.
Cyrtoclymenia'Hyatt - Matern, p. 96.
Cyrtoclymenia Hyatt-Nalivkina, p. 101.
Cyrtoclymenia Hyatt - Schindewolf, p. 145.

1960 Cyrtoclymenia Hyatt - Petter, p. 39.
1962 Cyrtoclymenia Hyatt - Bogoslovskiy, p. 407.
1962 Cyrtoclymenia Hyatt House, p. 279.

Type species. Planulites angustiseptatus Munster 1832, by original
designation of Hyatt 1884.
Diagnosis. Subinvolute Cyrtoclymeniidae, with biconvex or concavo-
convex growth-lines.

Description. This heterogeneous and long-ranging genus encompasses
a variety of forms, which are split here into three morphological
groups, named after species within them. involuta, angustiseptata
and plicata.

involuta Group
The involuta Group contains species with a subinvolute

compressed to subglobular shell form, and growth-lines with a
prorsiradiate biconvex course, but the concave portion over the
flank is extremely shallow. Two examples of Cyrt. involuta
itself, from Beringhausen and Beil (Fig. 6), are illustrated (Pl.



5.34, Figs. 1,2,6, Textfigs. 5.17C-E) to show the shell form and
ornament. Schmidt (1924) described the septal necks from this
species as being short, extending for only one third of the dis-
tance between adjacent septa. Perna (1914) regarded Cl. frechi
Tokarenko as a synonym of involuta'(but considered them to:represent
sexual dimorphs).Wedekind described a stouter variety, crassa
(Pl. 5.34, Figs. 3-5) which has growth-lines which are almost
straight with ribbing at the umbilical shoulder, and a shallow
broad ventral salient.

various authors have named species considered to belong within
this group, which include.

crassa
frechi
involuta
krasnopolski

lenticularis
stenomphala

uralica

Wedekind 1914, p. 21, pl. 1, figs. 8a,b,9.
Tokarenko 1903, p. 33, pl. III, fig. 6.
Wedekind 1908, p. 608, pl. XLIV, figs. l,a.
Perna 1914 (non Chernyshev 1887b), p. 19, pl. II,
figs. 17a,b,18a-c.
Petter 1960, p. 44, pl. VII, figs. 15,a.
Petter 1960, p. 42, pl. VI, fig. 4, pl. VII,
figs. 7,a,13,a.
Nalivkina 1953, p. 103, pl. IV, figs. 4a,b, =
? krasnopolski Chernyshev 1887b, pl. 1, figs.
17-21.

These species are known from the delphinus and annulata Zones of
Rheinische Schiefergebirge, Novaya Zemlya, southern Urals and
North Africa. Wedekind used Cyrt. involuta in conjunction with
Prol. delphinus as indicators of his III~ zone.

plicata Group
The second group, characterised by strong concave ribbing,

is exemplified by Cyrt. Plicata. Species known from the Clymenia
and Wocklumeria Stufen of Rheinische Schiefergebirge, Oberfranken
Cornwall and North Africa includea



cincta
h crassa

? ' fasciata
plicata
Plurisepta
subnodosa
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Munster 1839, p. 9, pl. XVI, figs. Sa-c.
Petter 1960, p. 43, plo VI, figs. 13,16,a, pl. VII,
figs. 6,a, textfig. 4H.
Phillips 1841, p. 125, pl. LIII, figs. 242.
Munster 1832, p. 32, pl. VI, fig. 7.
Phillips·1841, p. 126, pl. LIV, fig. 244.
Munster 1832, p.'32, pl. VI, fig. 7.

sngystiseptata Group
The last group contains ~gustiseptata, the poorly known type

species of Cyrtoclymenia. It comprises compressed, smooth shelled
species, with biconvex growth-lines from the Clymenia and ~-
lumeria Stufen of the Rheinische Schiefergebirge, Thuringia,
Oberfranken, Silesia, Carnic Alps, Montagne Noire, Algeria, southern
Urals, USA, and includes.

~gustiseptata
inflata
lata
lateseptata
strigata

tetragona
ventriosa

Munster 1832, p. 7, pl. I, figs. 3a-c.
Munster 1832, p. 7, pl. I, figs. 5a,b.
Munster 1832, p. 7.
Schindewolf 1924, p. 106.
House 1962, p. 279, pl. 47, figs. 8,9, pl. 48,
figs. 1-5.
Schmidt 1924, p. 127, pl. 6, figs. 22,23.
Petter 1960, p. 41,pl. VI, figs. 5,a,12,a,
15,a, pl. VII, figs. 18,a, textfig. 4E

Cyrtoclymenia tetragona, which differs from other species in the
group, is included here for expediency. It has a distinctive
shell form with flat converging flanks and a flatly arched venter.
The growth-lines, poorly visible on the lectotype (MfN, Pl. 5.35,
Fig. 1) are biconvex with an extremely prominent but narrow
ventro-Iateral salient. Examples are known from the Wocklumeria

I

Stufe of the Sauerland and Cornwall.

A number of species, all with simple concave lateral lobes,
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are not assigned to a particular genus, largely because the material
on which the names were based is poorly' preserved or inaccessible.
These are listed below, for completeness' sake. Most were
introduced by Sobolev (1912, 1914a, 1914b). The first two papers
were in Russian and the last one is concerned with phylogenetic
concepts, and newly introduced species were not described individ-
ually. The illustrations for these publications, to which I have
had access, show the fauna to be well preserved as haematitic (1)

internal moulds. Growth-lines are, for the most part, not visible
in the photographs, so there is little benefit in speculating to
which particular genus these species belong.

campanulata
compressa
curvidorsata

djartassensis
flexilobata
genulobata

gracilis
gracilis
~jraktensis

.l.2gowiense
planiloba

rotundata
suRacuta

subcostata
tenuis
undosa

Richter 1848, p. 29, figs. 66-72.
Munster 1832, p. 7, pl. I, figs. 4a-c.
Sobolev 1914a, p. 9, pl. IV, figs. 5-7, pl. VIII,
figs. 26,7.
Nalivkina 1953, p. 28.
Sobolev 1914a, p. 64, pl. IX, fig. 33, fig. 118.
Sobolev 1914a, p. 66, pl. IX, figs. 37a,b,
figs. 12,13.
Schmidt 1924, p. 126, pl. 6, figs. 20,a, 21.
Nalivkina 1953, p. 111, pl. 4, fig. 14.
Kolotukhina 1938, p. 678, pl. 2, figs. S,a,
6,7, figs. 6,7,8 •
Sobolev 1912, p. 10, pl. 3, fig. 5.
Sobolev 1914b, p. 354, pl. 8, figs. Sa,b,
fig. 3.
Sobolev 1914b, p. 361, pl. 9, figs. 28a,b.
Sobolev 1914a, p. 30, pl. 9, figs. 12a,b,
15a,b, fig. 27.
SobOlev 1914b, p. 362, pl. 9, figs. 25a,b,26a,b.
Sobolev 1912, p. 9, pl. III, figs. 7a,b.
Sobolev 1914b, p. 360, pl. 9, figs. 7,8.

Little is known of the species listed above, although the
following •observations may be added.



£!IDpanulata Richter, based on two distorted internal moulds
showing a Cyrtoclymenia suture - a nomen dubium.
compressa Munster' based on a weathered internal mould -
a nomen dubium (see also Cymaclymenia below).
gracilis Schmidt, based'on a weathered.internal mould (MfN) -
a nomen dubium.
gracilis Nalivkina, if a Cyrtoclymenia, then this is a
junior secondary homonym of gracilis Schmidt.
kjraktensis Kolotukhina, this, together with varicata and
callimorpha, all described in the same article, are probably
referrable to~. (Pleuroclymenia) callimorpha (Lange).

*v 1832

(1) 1832

Cyrtoclymenia ~gustiseptata (MUnster 1832)
Pl. 5.34, Figs. 11-13,16,17, Textfig. 5.17F

Planulites angustiseptatus sp. noV. - MUnster, p. 7,
pl. I, figs. 3a-c.
Goniatites latus sp. nov. - MUnster, p. 17.

1834b Clymenia ~gustiseptata MUnster - MUnster, p. 69,
pl. I, figs. 3a-c (refiguring of the lectotype).
Clymenia lata MUnster - MUnster, p. 7.
Clymenia ~gustiseptata MUnster - MUnster, p. 4,
pl. la, figs. 3a-c (refiguring of the lectotype).

1863 Clymenia ~gustisePtata MUnster - GUmbel, p. 110,
pl. XV, figs. la-c.

1923a Cyrtoclymenia angustiseptata Munster - Schindewolf,

1839
1843

p. 428.
1924 Cyrtoclymenia angustiseptata Munster - Schmidt,

p. 127.
1 1929
non 1960

Cyrtoclymenia angustiseptata MUnster - Lange, p. 87.
Cvrtoclvmenia angustiseptata (Munster) - Petter,
p. 40, pl. VI, figs. 9,a,17,a, pl. VIII, fig. 7,
fig. 4I.

Type material, A lectotype, BSPAS VII 585, is proposed here.
This was collected by Munster from SchUbelhammer, Oberfranken.
Remarks, The composition of the type series is unknown, therefore,



~76

this specimen'is proposed as the lectotype.
Diagnosis. ''Subevolute Cyrtoclymenia (U/D=0.25) with slightly
compressed whorl section (WW!WH 0.9-1.0). Growth-lines are prorsi-
radiate, biconvex with a more prominent ventro-lateral salient,
and a deep ventral sinus. Weak ribs are present around the
umbilicus.

Description. Only the lectotype has been seen. This, BSP AS
VII 585, is illustrated in Pl. 5.34, Figs. 11-13, and is poorly
preserved. Therefore little information can'be added to the diag-
nosis.

The body chamber amounts to three-quarters of a whorl in
length, and the last four septa are approximated, suggesting that
this is a mature specimen. The whorl section has flanks which
are flatly converging towards a rounded venter. The suture is
illustrated in Textfig. 5.17F.

Dimensions I

D U WW WH
Lectotype, BSP AS 56.4 14.3 ,17,6 23.8
VII 585 46 12.7 18 19.5
BSP AS VII 599 56 14 21 25.5

Discussionl The lectotype is poorly preserved, and so the characters
,

of the species, and hence the genus Cyrtoclymenia, have not been
fully elucidated. GUmbel (1863) reported only one specimen in
the MUnster Collection at Munich, and no others have been traced.

\Schindewolf (1923a) seems to have found no well preserved specimens
I

from Kirch-Gattendorf.
Various authors have reported this species (see the list in

Foord and Crick 1897, p. 18), but few examples have been illustrated.
The name has been used broadly in the sense of Cyrtoclyrnenia sp.
Schmidt (1924, pl. 6, fig. 24) figured an unhelpful cross-section,
and did not describe growth-lines. Lange (1929) described poorly
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preserved examples with "almost radial" growth-lines, in contrast
to those on the lectotype.

In 1937 Schindewolf (1937a) reported Cyrt. angustiseptata
from throughout the Wocklumeria Stufe, but did not describe it.
Later (1952) he figured a whorl section of the lectotype. Petter
(1960) described several specimens from the Platyclymenia and
Clymenia Stufen of ~geria. The growth-line shape is not visible
in her illustrations, but her account mentioned a ventro-Iateral
saddle, and a flank sinus of similar proportions, which is markedly
different from the growth-lines of the lectotype. Growth-lines
cannot be seen on the large undescribed specimen figured by
BogOSlovSkiy (1962, pl. XXXI, figs. 3a,b).

Munster described (1832, p. 17) G. latus, a species with a
"flat rounded side lobe". Later (1839, p. 7), from observations
on a newly found specimen, he recognised this to be a clymenia~
by its ventral saddle and siphuncular position. It was probably
this highly weathered specimen, lacking all indication of growth-
lines, which GUmbel illustrated (1863, pl. XV, figs. 3a-c). It
(SSP AS VII 599) is shown here in Pl. 5.34, Figs. 16,17. This
specimen is proposed as the lectotype. The whorl outline clearly
resembles that of Cyrt. angustiseptata, but its preservation means
that interpretation of this species is virtually impossible, and
so it is deClared a nomen dubiUrn.

Schmidt (1924, pl. 6, figs. 25-8) illustrated specimens
which he assigned to Cyrt. lata. One at least (fig. 26; Pl.
5.35, Figs. 6,7) has weak ribs around the umbilical shoulder and
so cannot be compared wi th £!.. ~ Munster. Nor, however, can
it be compared with other ribbed species of Cyrtoclymenia (see
Cyrt. plicata, below).

Comparisons I Most other species of Cyrtoclymenia have differently
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shaped growth-lines, and thus can be distinguished. Cyrt.
,

ventriosa Petter (1960) has similar growth-lines, but a much
thicker whorl section, like Cyrt. aff. angustiseptata described
by Schindewolf (1952). Cyrt. strigata House (1962) has a sub-
involute and more discoidal whorl section, with converging flanks,
a strigate ornament, and its ventro- lateral growth-line salient
is broader and less prominent.

Horizon and distribution. Of modern authors only Schindewolf is

able to have interpreted the species correctly, since he alone
had seen the lectotype. Therefore, accepting his opinion, Cyrt.
angustiseptata is known from the Wocklumeria Stufe of Oberfranken,
Thuringia, Dzikowiec, Montagne Noire and the Carnic Alps.

?Cyrtoclymenia inflata (MUnster 1832)
Pl. 5.34, Figs. 18,19

v* 1832 Planulites inflatus sp. nov. - MUnster, p. 7, pl. I,
figs. 5a-b.

1834b Clymenia inflata Munster - MUnster, p. 70, pl. I,
figs. 5a-b (copy of Munster 1832) •

1843 Clymenia inflata Munster - MUnster, p. 4, pl. la,
figs. 5a-b (copy of MUnster 1832) •

v 1863 Clymenia inflata Munster - GUmbel, p. 120, pl. X)/,

fig. 5 (refiguring of the hOlotype).

Type material. BSP AS VII 536 from Schubelhammer, Oberfranken, is
recognised as the holotype.
Remarks. MUnster (1832) stated that he had only one specimen.
Diagnosis. Cyrtoclymenia with depressed wh?rl section umbilical
width amounting to 30% of the diameter, and smooth shell.

Description. Only the hOlotype has been seen (Pl. 5.34, Figs.



18,19) and this is badly weathered so that no details of the ornament
are preserved. The shell at a diameter of 100mm has an umbilical
width of 30mm. - Half a whorl prior to this the ratio WW/W'H is
1.2. At a whorl height of 41mm the shell wall is 2.5mm thick at
the mid-flank and 1.2mm thick at the venter. There is a convex
constriction running across the flank of the internal mould,
widest near to the umbilical shoulder and narrowing towards the
venter. The suture, scratched out on the inner whorls, consists
of a broad lateral lobe.

Dimensions I

D u WW WH
Holotype, BSP AS
VII 536

98 30 37 31

Discussion I This species will remain poorly known unless better
preserved material can be located. However, identification of
the hOlotype means that future interpretation should not be
ambiguous.

Horizon and distributionl An unknown level (?Clymenia Stufe) in
Oberfranken.

Cyrtoclymenia plicata (MUnster 1839)
Pl. 5.35, Figs. 15-18, Textfig. 5.l7G

? 1832 Goniatites subnodosus sp. nOv. - MUnster, p. 32,
pl. VI, fig. 7.

? 1834b Goniatites subnodosus MUnster - MUnster, p. 95,
pl. VI, fig. 5 (translation of Munster 1832)

1839 Clymenia subnodosa MUnster - MUnster, p. 8.
v* 1839 Clymenia plicata sp. nov. - MUnster, p. 8, pl. XVI,

figs. 4a-c.



v 1839 Clymenia cincta SPa nov. - MUnster, p. 9, pl. XVI,
figs. Sa-c.

1843 ?Clymenia subnodosa Munster - Munster, p. 25, pl. VIa,
fig •.7 (copy of Munster 1832).

1843 Clymenia plicata M,ttnster- Munster, p. '36, pl. XVI,
figs. 4a-c (copy of Munster's 1839 figure).

1843 Clymenia cincta Munster - Munster, p. 37, pl. XVI,
figs. 5a-c (copy of Munster's 1839 figure).

vp 1863

? 1914

p 1923a
1924v

? 1960

Clymenia angustiseptata Munster - GUmbel, p. 120,
pl. XV" figs. 2a-c (refiguring of the lectotype of
Clo plicata), figs. 4a-c (refiguring of the lectotype
of Cl. cincta) ?figs. 6a-c,e (refiguring of the lecto-
type of Cl. subnodosa).
Cyrtoclymenia cf. plicata Munster - Wedekind,_p. 26,
pl. V, figs. 2a-b.
Cyrtoclymenia plicata Munster - Schindewolf, p. 430.
Cyrtoclymenia plicata Munster - Schmidt, p. 128,
pl. 6, figs. 29,a.
Cyrtoclymenia crassa SPa nov. - Petter, p. 43, pl. VI,
figs. 13,16,a, pl. VII, figs. 6,a, textfig. 4A.

Type material.BSP AS VII 584, collected by Munster from Schubel-
hammer, Oberfranken, is proposed as the lectotype.
Diagnosis. Cyrtoclymenia with blunt concave ribs on the flanks
near to the umbilicus, numbering ca 14 per whorl.

Description. Cyrt. plicata will be described, and then be compared
with other ribbed species of Cyrtoclymenia. Two specimens have
been seen, the lectotype (Pl. 5.35, Figs. 17,18) and an unnumbered
specimen in the Museum fUr Naturkunde, Berlin (Pl. 5.35, Figs.
15,16).

The lectotype is clearly recognisable as the specimen illus-
trated, almost without elaboration, by MUnster (1839) and GUmbel
(1863). It is an incomplete weathered internal mould with
remains of ribs on the inner whorls. Early whorls are un~own.
The whorl section is depressed at a radius of 35mm (WW!WH = 0.16).
At a diameter of about 30mm the ribs are blunt, strongest near the
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Umbilical shoulder, and concave. The simple external suture,
consisting of a shallow concave lateral lobe, and a ventral saddle,
is illustrated in Textfig. 5.17G.

The better preserved example in the MUnster COllection at
Berlin clearly shows concave ribs with swellings near the umbilicus,
numbering eight in the half whorl prior to a diameter of 40mm.
Ribs are absent from the body chamber.

Dimensions I

Lectotype, BSP AS
VII 584.
MfN, PI.5.35,Figs.
15,16.
£1. cincta, lecto-
type, BSP AS VII
583.
Cl. subnodosa
lectotype, BSP
PI.5.35,Figs.4,5.
Cl. fasciata, GSM
7172, lectotype.
Cl. plurisepta, GSM
7174, lectotype.

D U ww WH R
'.

25.5 22 35

21 21

25 19.8
16.8 16.5

6.8 8

53 17

45
32.7

15
10.6

19.2 4.9

35 18.1 ca15

26 12.56.8 10.5

Discussion. Wedekind (1914) described two genera, Protactoclymenia
.

and Cyrtoclymenia, without defining how they were to be distin-
guished. Only one specimen was assigned to Cyrtoclymenia and
this, ~. cf. plicata (PI. 5, fig. 2), was poorly preserved and
showed remains of neither ornament nor growth-lines. Thus its
specific designation must be uncertain.

Schindewolf (1923a) adopted the same approach that is used
here, and included all ribbed species of Cyrtoclymenia as Cyrt.
plicata. Schmidt (1924, pl. 6, figs. 29,a) figured an example
(Pl. 5.35, Figs. 3,4) from Ense which had concave ribs, with
swellings near to the umbilicus, which is recognised as belonging
to this species.



In 1839 Munster also introduced two further ribbed species
of Clymenia, cincta and subnodosa. The lectotype of Cl. cincta
is recognised as BSP AS VII 583 (Pl. 5.35, Figs. 6-10), which is
the specimen upon which the illustrations of GUmbel and MUnster
were based. It is subevolute with a ratio U/D of 0.32, an almost
circular whorl section with a well defined, steep umbilical wall,
and converging flanks which run into a broad rounded venter. The
shell is not well preserved, and no growth-lines can be seen.
There are, however, strong ribs, straight or slightly biconvex,
continuing over the venter in a shallow sinus, prorsiradiate,
numbering 40 in the whorl prior to a diameter of 45mm. One third
of a whorl of body chamber is preserved, and there is a normal
Cyrtoclymenia suture.

The proposed lectotype of Cl. subnodosa (BSP, Pl. 5.35,
Figs. 4,5) is a small specimen with 20 concave ribs strongly
developed on the dorsad portion of the flanks, but barely visible
on the ventrad half. It has a normal pyrtoclYmenia suture.
This specimen is much larger than that figured by MUnster as G.
subnodosus, which is lost, and so the species is considered as
a .!l2!!!. dubium •

The lectotypes of Cl. plicata, subnodosa and cincta are
distinctive and different. One has widely spaced concave ribs,
one Closely spaced concave ribs, and the other closely spaced
straight or weakly biconvex ribs. How Closely they are related
to one another cannot be determined because so few examples of,
ribbed Cyrtoclymenia are known.

Two ribbed specimens now recognised as Cyrtoclymenia were
described by Phillips (1841) from Petherwin Cornwall. Cl.,
fasciata, lectotype GSM 7172, Pl. 5.35, Figs. 11,12, (p. 125,
pl. XLIII, figs. 242a-d) and Cl. plurisepta, lectotype GSM 7174,
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Pl. 5.35, Figs. 13,14, (p. 126, pl. LIV, figs. 244a-c). These
are both very poorly preserved, with little or no trace of shell
remaining. Weak ribbing can be seen, especially near to the
umbilicus, but nothing more. Association of these specimens
with one of the German specific names (or vice versa) would be
pointless (see Pl. 5.35); more material from Cornwall is required. ,
Their whorl sections appear similar to Cyrt. plicata, as Selwood
(1960) pointed out.

Petter (1960) established crassa, a new variety of Cyrto-
clymenia enkebergensis Wedekind, for a number of depressed,
ribbed specimens from the Platyclymenia Stufe of the Saoura Valley
of Algeria. The ribs are concave and number ca 17 per whorl.
Like the MUnster species described here they are strongest near to
the umbilical shoulder. The major morphological distinction
between these specimens and Cl. subnodosa, which has a similar
whorl outline, and ornament, is the umbilical width, which amounts
to 30% of the diameter, between diameters of 12 and 36mm. The
use of crassa as a subspecific name was illegal, since it was
preoccupied by invo1uta var. crassa Wedekind (1914).

Horizon and distribution. Schindewolf (1923a) collected specimens
he referred to Cyrt. plicata from the Wocklumeria Stufe of Kirch-
Gattendorf, Oberfranken, and later (1937a) at Oberr5dinghausen
in the Hannetal, he showed the species to range throughout the
whole of the Wocklumeria Stufe. No other occurrence of strongly
ribbed specimens of Cyrtoclymenia are dated, except for crassa
Petter, which was stated to be from the Platyclymenia Stufe of
Algeria.
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Genus Protactoclymenia Wedekind 1908

p

Protactoclymenia gen. nov • ..:.Wedekind, p. 605,8.
Varioclymenia gen. nov. - Wedekind, p. 605.-,
Protactoclymenia (Protactoclymenia) Wedekind -
Wedekind, p. 21.
Varioclymenia Wedekind - Wedekind, p.'29.

1923a 'Cyrtoclymenia Hyatt - Schindewolf, p. 421.
1924 Lenticlymenia nom. nov. - Schmidt, p. 126.
1929 Cyrtoclymenia Hyatt - Lange, p. 85.

*p 1908

p 1914

p

p

p

Type speciesa Protactoclymenia pulcherrima Wedekind, proposed
here.
Diagnosis. Cyrtoclymeniidae with discoidal subevolute shell form,
and concavo-convex growth-lines.

Description. The shell form is discoidal and subevolute. The
whorl section is compressed, quadrate, with a.flatly rounded
venter. Growth-lines are concavo-convex, often with a pr~minent
ventro-Iateral salient resulting in falcate growth-lines.' Ribbing
is common, especially near to the umbilicus of inner whorls.
The suture consists of a dorsal lobe, a broad concave, lateral
lobe and a ventral saddle.

Species included here area

* j2ulcherrima Wedekind 1908, p. 608, pl. XLIII, figs. 13,.a
? crassa Wedekind 1914, p. 31, pl. V, figs. 3a,b.

enkebergensis Wedekind 1908, p. 606, fig. 1.
euryomj2hala Wedekind 1914, p. 31, pl. 1, figs. 12a";'c.
12osterior Lange 1929, p. 86, pl. 2, fig. 22.
steinmanni Wedekind 1908, p. 615, pl. XLIII, figs. 12,a.

Remarks. This generic name is used for this distinctive group
because it has already been applied to some members, including I

the proposed type species. Its relationship to other genera
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is rather obscure because so few specimens are known. These
six species certainly do not belong to Platyclymenia, whi~h is
considerably more evolute, and has simple concave growth-lines.
Similarly Cyrtoclymenia is no suitable home for this group because
coeval representatives of that genus all have a subglobose shell

\ .
form, are subinvolute (Pl. 5.34, Figs. 1-7) and have different
growth-lines. Species of Gen. Nov. F (Pl. 5.30, Figs. 1-11)
which are also coeval, are much smaller with a more compressed
discoidal shell form, and differently shaped growth-lines. A
single specimen of Prot. enkebergensis is illustrated here,
Pl. 5.34, Figs. 9,10, Textfig. 5.17A.

Horizon and distribution. These six species are known only from
the Sauerland, in the delphinus and annulata Zones.
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Family Rectoclymeniidae Schindewolf 1923

Type genusl Gen. Nov. D (= Rectoclymenia auctt.).
Diagnosis I Clymeniaceae with involute to subinvolute coiling,
compressed to oxyconic shell form, and growth-lines which are
biconvex, rectiradiate, with a deep ventral sinus.

Description I Little needs to be added to the diagnosis. Some
species are strongly ribbed especially near the umbilicus. The
venter can be carinate, tabulate or rounded. The suture is simple',
comprising lateral and dorsal lobes or lateral, dorsal and one or
two umbilical lobes.

Included general

Gen. Nov. 12
Cteroclymenia
Gen. Nov. j

proposed here (= Rectoclymenia auctt.).
Bogoslovskiy 1979a
proposed here (= Falciclymenia auctt.).

Remarks I These three genera are distinguished by their sutures,
Gen. Nov. D has no umbilical lobe, Gen. Nov. E one, and Ctero-
clymenia two. There are two cases here of new names being proposed
for what are considered to be invalid genera. One of them is
the type genus of the family. Were these proposed names to be
accepted the family name might, under the current rules (~I

Art. 40,41), remain unchanged.

Horizon and distributionl Examples are known from the ?sandbergeri
Zone to the lower Clymenia Stufe of the Rheinische Schiefergebirge
Oberfranken, Thuringia (Germany), pOland, Montagne Noire, southern
Urals, North Africa and south east Australia.
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Gen. Nov. D
Textfig. 5.19'

p 1908 R~ctoclymgn~a gen. nov. - Wedekind, p. 613.
p 1914 Rectoclymenia Wedekind - Wedekind, p. 17.
p 1923a Rectocl~menia Wedekind - Schindewolf, p. 417.

1929 Rectocl~menia Wedekind - Lange, p. 84.,

1931 Rectocl~menia Wedekind -,Matern, p. 94.
1957 Rectoclymenia Wedekind - Schindewolf, p. L45.
1962 ,Rectocl~menia Wedekind- House, p. 278.

non 1975 Rectoclymenia Wedekind - BogoSlovskiy, p. 35.

Type speciesl Rect. roemeri Wedekind 1908, proposed here.
Diagnosis I Rectoclymaniidae with rectiradiate, straight or weakly
biconvex growth-lines. Simple external suture consisting of
broad lateral lobe and ventral saddle.

Description I Shell form discoidal, subevolute, whorl section
compressed with flanks flattened and usually strongly ribbed.
Venter rounded, tabulate or carinate. Growth-lines are prorsi-
radiate, straight or biconvex with a ventral sinus.

Available specific names include I

roemeri
? acuta
? acuta

Wedekind 1908, p. 613, pl. XLIII, figs. 9,a.
Perna 1914, p. 66, pl. IV, fig. 9, Fig. 61.
Schmidt 1924, p. 128, pl. 6, figs. 30,a.

arietina Sandberger 1853a, p. 182, pl. VII, figs. Sa-c.
brilonensis Lange 1929, p. 84, pl. 2, figs. 21a, fig. '20.
costata Perna 1914, p. 69, pl. IV, figs. 10a,b.
flexuosa

? ka~seri
rotundata

Munster 1840, p. 125, pl. XVI, figs. 4a,b.
Drevermann 1901, p. 135, pl. XIII, fig. 11.
Schindewolf 1923a, p. 419, pl.iXVII, fig. 3.

Remarks I It is considered that a new name is required to replace
Rectocl~menia Wedekind 1908, as it is now interpreted (Schindewolf,
1957) • This was established without a type species, and included
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the following species I kayseri Drevermann, roemeri sp. nov.,
arietina Sandberger, steinmanni SPa nov., annulata Munster,
crassicosta sp. nov. and protacta sp. nov. £!ymenia annulata
had,already been designated as the type species of Platyclymenia
Hyatt (Frech 1902). Frech, Wedekind and Hyatt (who cited GUmbel
1863) all seem to have interpreted annulata in the same way, and
so it is argued that Rectoclymenia should be treated as a synonym
of Platyclymenia Hyatt, because Wedekind included annulata within
it.

Matern (1931, p. 34) erected Rect. roemeri as the type species
of Rectoclymenia, which has been accepted by three subsequent
authors (see synonymy). To ensure continuity of understanding
of this genus Rect. roemeri is proposed as the type species.
This genus is restricted to include only those forms showing growth-
lines similar to those on the~. roemeri type species. This
was described from five specimens (Wedekind 1908) and the illus-
trated specimen (pl. XLIII, figs. 9,a) is proposed as the lecto-
type. The ribs visible on this are radial and straight. Kind
(1944, pl. 1, fig. 10) and BogoSlovskiy (1962, pl. XXXII, figs.
1,a,b) have both figured similar examples, and the specimens
figured by Wedekind (1914, pl. 1, figs. 2d-e) as subflexuosa, and
by Perna (1914, pl. IV, figs. 10a,b) as subflexuosa, and by Perna
(1914, pl. II, figs. 21a,b) as costata (a junior homonym of costata
Munster) may also belong here. Large examples (Bogoslovskiy
1962, Wedekind 1914) appear to develop a carinate venter and

\

compressed whorl section and to lose their ribbing, except in the
umbilical region.

A single specimen from the type series of £1. arietina has
been located in Wiesbaden. This (Pl. 5.31, Figs. 9,10) was
figured by Sandberger (1853b, pl. VII, fig. 13). The better

I ,

specimen figured in his (1) earlier account (1853a, pl. VII, fig. 5)
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does not now seem to be in Wiesbaden. It is shown with radial
w~ak1y biconvex ribs, which swing sharply backwards over the cari-
nate venter. However the specimen figured here has concave
prorsiradiate ribs, and is clearly not conspecific. The species
is best interpreted by reference to Wedekind's figure (1914, pl. I,
figs. 3a-b), rather than Frech's (1902, pl. 11(1), fig. 9).

The only other ribbed species is kayseri (Drevermann 1901),
a synonymy for which was given by Lange (1929, p. 97). The
lectotype (Drevermann 1901, pl. XIII, figs. lla-c) is now missing
from Marburg. It was small (D=16) evolute, compressed and had
14 straight, radial, blunt ribs in the last whorl. Another
example was figured by Wedekind (1914, pl. 1, fig. 4), collected
from the delphinus Zone, which was more densly ribbed, especially
in the last quarter of a whorl where the ribs are twice as fre-
quent as on the lectotype, and prorsiradiate. Three further
examples were figured by Schindewolf (1923a, pl. XVII, fig. 1)
which all showed different rib densities, rang~~g from ca 12 per
whorl to ca 20. These three specimens, all on one block, cannot
now be traced. Schindewolf collected the specimens from Bed 9
at Kirch-Gattendorf, together with Pseudoclymenia sandbergeri,
indicative of the sandbergeri Zone.

Two examples from Geuser are figured here (Pl. 5.31, Figs. 7,8).
One (Fig. 8) closely resembles the Drevermann specimens, with few
(ca 14 per whorl) radial ribs. The other (BSP AS VII 523), which
is more like Schindewolf's specimens,.has about 20 ribs per whorl
at a diameter of 10rnrn,and these are weakly concave and prorsi-
radiate.

In 1924 Schmidt (pl. 6, figs. 30,a) described an evolute
oxyconic specimen as Cyrtoclymenia acuta. The hOlotype, from the
Clymenia or Wocklurneria Stufen of Ense, Wildungen, is poorly
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preserved and shows only the shell form and the semicircular
lateral lobe. If this is a Gen. Nov. D, and without knowledge
of the growth-lines there can be no certa~nty, 'then its specific
name is preoccupied by Cl. acuta Perna (1914, p. 65, pl. IV,
fig. 9, textfig. 61) which has an oxyconic subinvolute shell form
and weakly biconvex prorsiradiate growth-lines.

Two specimens from Beil are intermediate in age and shell
form between other Gen. Nov. spp. and ?Gen. Nov. acuta sensu
Schmidt. These, GT 2015 and KW 2076 (PI. 5.31, Figs. 13-16),
have similar shell form, evolute with converging flanks and a
subtriangular whorl section. GT 2015 has growth-lines which are
weakly biconvex, or concavo-convex. There are no ribs, but the
growth-lines are periodically bunched. The specimen was collected
from the delphinus Zone at Beil. KW 2076 was collected higher
in the sequence, probably from the lower Clymenia Stufe, and has
growth-lines which are weakly concave at a diameter of ca 50mm,
but these become weakly convex on the body chamber, at a diameter
of 70mm. A groove runs along the ventro-Iateral shoulder of the
internal mould and the suture is illustrated (Textfig. 5.l9D).

Dimensions I

Wsb, Pl. 5•31,
Figs.9,10.
kayseri, BSP AS
VII 523
acuta Schmidt,
MfN, PI.5.31,
Figs.4-6.
GT 2015
KW 2076

D U
27 9.4

15.1 6.1
12.4 5
31.3 13

WH
10.9

5

4.5
4.4
11.4

43.5
75.2
51.5

27.8
20.0

7.3
ca17

19.5
29.1
19.3

Horizon and distribution. Gen. Nov. ~ is known from Sauerland,
Kellerwald, Oberfranken and s. Urals, and ranges in age from



?sandbergeri Zone (kayseri) to the lower Clymenia Stufe.

Gen. Nov. D flexuosa (MUnster 1840)
Pl. 5.31, Figs. 1,2, Textfigs. 5.19E-F

* 1840 Clymenia flexuosa sp. nov. - MUnster, p. 125, pl.
XVI, figs. 4a,b.
Clymenia flexuosa var. costata nov. - Munster, p. 92,
pl. XI, figs. 16a,b.
C1ymenia flexuosa Munster - GUmbel", p, 126.
Clymenia flexuosa Munster - Frech, p. 32, textfig. 2.

non 1842

non 1863
non 1902

1923a Rectoclymenia rotundata sp. nov. - Schindewolf, p. 419,
pl. XVII, fig. 3.

non 1923a Cyrtoclymenia flexuosa Munster - Schindewolf, p. 425.

Type material, A neotype, BM 81856, from Geuser, Oberfranken, is
proposed.
Remarks, No material from the type series has been located. The
neotype is from the same locality as MUnster's material.
Diagnosis, Gen. Nov. ~ with compressed shell form, narrow flatly
rounded venter, biconvex growth-lines bunched to form ribs, espec-
ially near the umbilicus.

Description' Two specimens were examined, the neotype (Pl. 5.31,
Fig. 2), and Mbg 3121, which is the lectotype (proposed here) of'
Rect. rotundata Schindewolf, 1923a (Pl. 5.31, Fig. 2).

The neotype (BM 81856) has a shell,form which is discoidal,
subinvolute, the umbilicus amounts to 26% of the diameter at a
diameter of 17.8mm. The whorl section is compressed with the
maximum width at the umbilicus, the flanks converge slightly
towards the flatly rounded venter. Growth-lines are biconvex
with a shallow, broad, mid-flank sinus, and a more prominent
ventro-Iateral salient. Growth-lines are bunched to form flat
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ribs, especially near to the umbilicus. The suture is not visible.
The lectotype of Rect. rotundata has a similar shell'form,

, , I

but has growth-lines which are more truly biconvex withboth flank
salients being equally prominent, and the mid-flank sinus being
very shallow. However, this distinction may be enhanced by the
fact that BM ..81856 is distorted. Flat ribs are present, composed
of ca 10 growth-lines, which have a frequency of ca 100 per centi-
metre, at a diameter of 22mm. Part of a radial constriction is

visible on the internal'mould.

Dimensions I

D u ww WH
Neotype, BM 81856 17.8
Mbg 3121 (distorted) 22

4.7
4.2

8.6
10

Discussion. In spite of the fact that Munster's original descrip-
tion and figure were quite unambiguous there has been much in-

correct interpretation of this species, hence the need for the
establishment of a neotype. The confusion has arisen from a
failure to identify the specimens figured by Munster. GUmbel
(1863) illustrated four examples as Cl. flexuosa in pl. XV.
That illustrated in fig. 7 was wrongly claimed to be the original
of £1. flexuosa Munster. This is clearly not so since it has
strong ribbing. Figure 8 resembles the specimen of Cl. falcifera
figured by Munster (see below). Cl. costulata, the original of
which GUmbel claimed to have illustrated in fig. 9, was not figured
by MUnster, and fig. 10 has been designated as the lectotype of
Gen. Nov. £: subflexuosa. GUmbel also mentioned Cl. flexuosa
var. costata, but did not illustrate any examples. The incIu sion
of such different specimens within £1. flexuosa has been the cause
of its 'broad interpretation.

Frech (1902) examined specimens of Cl. falcifera and costulata
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in Berlin, and declared them to be identical with the original
of Cl. flexuosa. He figured (1902, fig. 2) a large (D=55) sketch
of Cl. flexuosa, itself a composite of a specimen from Planitz,
Saxony, and another from Cabri~res. The larger example is
evolute with concave, rursiradiate growth-lines, and is best
described as a Platyclymenia.

Schindewolf (1923a) examined four specimens in the Mun'ster
Collection at Munich and attempted to resolve the problem of the
identity of Cl. flexuosa. He recognised Cl. subflexuosa to be
a distinct species (see below). He selected (1923a, p. 425) the
specimen figured by MUnster (1842) in pl. XI, figs. 16a,b on
which to base his description of Cl. flexuosa.. Unfortunately
this (Pl. 5.30, Figs. 6,7) has concavo-convex growth-lines and
prominent lunate ribs near the umbilicus and was described by
Munster as Cl. flexuosa var. costata. Cl. costulata was not
mentioned by Schindewolf, and he considered the strongly ribbed
evolute Cl. falcifera Munster to be identical with Cl. flexuosa
(p. 419).

My conclusions from examining the same specimens area
1. Gen. Nov. ~ flexuosa is a species defined by reference to

MUnster 1840, pl. XVI, figs. 4a,b. A neotype (BM 81856) has
been selected.

2. Gen. Nov. F COStata is a species identified by its lectotype
BSP AS VII 606, which was figured by MUnster 1842, pl. XI,

\

figs. 16a,b, and is described b~~ow.
3. Gen. Nov. F falcifera is a species identified by.comparison

with Munster 1842, pl. XI, figs. 17a,b and GUmbel 1863, pl.
XV, figs. 8a-d and interpreted by the neotype illustrated in
Pl. 5.30, Figs. 8,9 (see belOW).

4. Cl.,costulata is treated as a nomen dubiumJ the original
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description is brief, and no type material has been located
(but see Gen. Nov. F falcifera, below).

The species described as Rect. rotundata by Schindewolf
(1923a) differs only in having Slightly more biconvex growth-
lines, 'but this apparent distinction may be due simply to the'
distortion of the neotype.

Comparisons I Gen. Nov. D brilonensis Lange, 1929, described from
the delphinus Zone at Enkeberg has a much thicker whorl section,
and is more widely umbilicate.

Horizon and distributionl Schindewolf (1923a) reported Rect.
rotundata from IllS (Bed 11, Kirch-Gattendorf).

,
The species

is known only from Oberfranken (Wo Germany).

Gen. Nov. ~
Textfig. 5.19

1p 1923a Falciclymenia gen. nov. - Schindewolf, p. 419.
1923b Falciclyrnenia gen. nov. - Schindewolf, p. 64, fig. 4f.

? 1935 Pseudoclymenia Frech - B5hm, p. 58.
non 1951 Falciclymenia Schindewolf - Miller and Collinson,

p. 600.
1957 Falciclymenia Schindewolf - Schindewolf, p. L45.

?p 1960
1960
1962

Falciclymenia Schindewolf - Kullmann, p. 541.
Falciclymenia Schindewolf - BogoSlovskiy, p. 72.
Falciclymenia Schindewolf Bogoslovskiy, p.407,
pl. XXXII, figs. 2a,b.
Falciclymenia Schindewolf - Brugge, pl. 1, figs. 1-4.1973

Type speciesl sp. a, described belOW.
Diagnosis I Rectoclymeniidae with sickle-shaped external suture
(Textfig. 5.19M).
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Description. Shell form compressed, discoidal, subinvolute,
venter narrow, tabulate or carinate merging with flanks. Growth-
lines prors~radiate biconvex with ventral sinus. Ribbing present.
Suture consisting of three lobes, a deep rounded lateral lobe, a
shallow umbilical lobe, and a narrow tongue-shaped dorsal lobe.
Gen. Nov • .Ei uralica (BogoSlovSkiy 1960) is the only existing
species certainly assigned to this genus. Two unnamed species
are described here, and cyrtostriata Kullmann may belong here, too.

Discussion. This new genus is introduced in order to clear up
confusion surrounding Falciclymenia, established by Schindewolf
in 1923 (see synonymy above), with type species falcifera MUnster,
and considered to be a junior subjective synonym of Protornoceras
Dybcynski 1913.

An ambiguity arises in interpreting the type species.MUnster
had used the specific name falcifera for Famennian ammonoids
twice. Goniatites falcifer 1840, p. 106, pl. XVI, fig. 7, and
Clymenia falcifera 1842, p. 125, pl. XI, figs. 17a,b. The earliest
mention of FalciClymenia is in a footnote (Schindewolf 1923a,
p. 419), where Rect. falcifera MUnster is named as its type species.
This, in turn, refers to G. falcifer MUnster. Schindewolf noted
that Frech (1902) had already recognised this to be a clymeniid,
synonymous with Cl. subflexuosa MUnster, and he had illustrated
an example from La Serre (1902, pl. VeIV), figs. 4,a). Schinde-
wolf contradicted this opinion, stating that he had compared the
originals of subflexuosa and falcifera with a further example from
Cabrieres (La Serre). This last specimen, which .....zeigt zu
Beginn des letzten Umganges fast gerade runde radial Rippen", is
believed to have been collected by Escot, and is now in the
collections at Marburg, and is illustrated here in Pl. 5.32,
Figs. 10,13,14, where the ribbing and the suture can be seen
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clearly. Its provenance is discussed below.
Later Schindewolf (1923b, fig. 4f)illustrated a sickle-

shaped suture for this'species, the derivation of the illustrated
specimen being '~Oberdevon IV, ,Cabrieres". This is also probably
based on the specimen referred to above.

Schindewolf (1923a, p. 419) referred Cl. falcifera MUnster
1842,to Cyrt. flexuosa. This latter species, described above as
Rect. flexuosa lackS the strong sickle-shaped ribs visible on
Munster's figure, and so falcifera is recognised as a different
species, assigned to Gen. Nov. ~.

It seems, therefore, that the type species of Falciclymenia
Schindewolf is G. falcifer Munster 1840, the original figure and
account of which was based on a single specimen. This describes
a discoidal, subinvolute ammonoid with a tabulate venter and a
sickle-shaped suture. Small tubercles/ribs are visible near the
umbilicus of inner whorls but otherwise the shell surface is smooth.
GUmbel (1863, pl. V, fig. 3) described what he considered to be the
same specimen, but noticed "strongly curved striations" on the
flank. His figure of the suture shows a deep rounded lateral lobe
and a narrow dorsal lobe. Schindewolf (1923a), in mentioning
the original of G. falcifer, described the course of the suture,
and weak sickle-shaped growth-lines.

No specimen can be located today in Munich which is identical
with all of these authors' descriptions) BSP AS VII 528, described
below, comes close to GUmbel and Schindewolf's descriptions in
having the correct shell form, ornament and suture, but lacks the
tubercular ornament of inner whorls, which was mentioned by MUnster.
Therefore, there is no hOlotype.

Considering the original figure, the most likely identification
of falcifer MUnster, is as a Protornoceras. An example'of

I

Protornoceras (RE 551 734.5 A242/1) from Enkeberg, is shown
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in Pl. 5.32, Figs. 4,5. This has an external suture which could
be described as falcate (Textfigo 5.19H), a compressed, discoidal
shell form, and ribbing, visible especially near to the umbilicus.
Kayser (1873) used th~ name falcifer MUnster for a species from
Enkeberg, renamed dorsaturn by Wedekind (1908), which is now recog-
nised (Bogoslovskiy 1971) as a Protornoceras, so this interpretation
of falcifer MUnster has been used before, although long since
ignored.

Accepting this interpretation of G. falcifer, Falciclymenia
must be interpreted as a junior synonym of Protornoceras Dybcynski.
A new name is required, therefore, for forms which Schindewolf and
subsequent authors have named as Falciclymenia.

The only author to have discussed Falciclymenia in detail is
Kullmann (1960). Here he described a new species, cyrtostriata,
with a falcate suture and shell form similar to sp. ~ (see belOW),
but with falcate growth-lines which have a very large prominent
ventro-Iateral salient, in contrast to the weakly biconvex growth-
lines of sp.~. Similar differences in growth-line course are
used here to distinguish Gen. Nov. ] (= Rectoclymenia) from Gen.
Nov. F, so by the same argument fyrtostriata could be excluded from
Geno Nov. E, and WOUld, by implication, require a genus of its
own. It is the opinion of Korn (pers. corom.), who has examined
Kullmann's specimen, that Falc. cyrtostriata may be a Cymaclymenia.
The side of the specimen from which the figure of the suture was
drawn is weathered, and thus may not be a true representation of
the suture.

The other species which Kullmann included in Falciclymenia
are eXCluded from Gen. Nov. E. These include falcifera MUnster,
pernai Nalivkina (1953, p. 110, pl. IV, fig. 11), and gracilis

Nalivkina (1953, p. 111, pl. IV, fig. 14), Neither has a truly
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falcate external suture, the flat umbilical saddle being absent.
The illustration of gracilis shows growth-lines and ribs which are
concavo-convex rather than biconvex) both are included here in
Gen. Nov. F.

It has already been argued elsewhere (see Endosiphonites
(Endosiphonitewabove) that bowsheri Miller and Collinson (1951),
a plast~r cast of which (SM H7366) is figured here (Pl. 5033,
Figs. 8,9) is not a Falciclymenia.

Horizon and distribution. Gen. Nov. E is known from the Platy-
clymenia Stufe of Thuringia, Oberfranken, Montagne Noir~, and the
annulata Zone in the southern Urals. The only surely dated
specimens are those described by Brugge (1973) who recorded examples
from around the annulata Zone!Clymenia Stufe boundary in Thuringia.

Gen. Nov. Esp. nov • .2

Pl. 5.33, Figs. 10,13,14, Textfigs. 5.19M,N

? 1902 Clymenia subflexuosa MUnster - Frech, p. 34, pl. V(IV) ,
fig. 4.

1923b Fa~cic~ymenia falcifera sp. nov. - Schindewolf, p. 64,
fig. 4f.

? 1935 Pseudoclymenia (?),sp. - B8hm, p. 58, pl. II, figs. la,b.
v? 1973 Falciclymenia falcifera Munster - Brugge, pl. 1, figs.

1-4.

Holotypel An unnumbered specimen from Marburg, collected by Escot.
Type locality. La Serre, Cabrieres. Herault, horizon unknown but
is probably the annulata Zone or Clymenia Stufe.
Diagnosis I Gen. Nov. E with subinvolute shell, discoidal shell
form, subcarinate venter, weakly biconvex growth-lines and weak
radial ribs, developed in early whorls and retained only near the
umbilicus on the body chamber of the holotype.
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Description. The hOlotype, ,illustrated in Pl. 5.33, Figs. 10,13,
,

14, and Textfigs. 5.I9M,N, is a large specimen, preserved in dark
,

red micrite with replaced shell, dissolved in places to reveal the
septa.

The shell form is discoidal, subevolute, with the umbilical
width amounting to 25% of the diameter, at a diameter of 62mm.
The whorl section is shown in Textfig. 5.I9N, based on a section
which is slightly off-centre. The umbilical wall is inclined at
450 to the flanks of the previous whorl. The flanks, which, at
a diameter of ca 30mm, are composed of two concave portions with
the greatest whorl width at a position midway between umbilicus
and venter, become flat with the maximum width at the umbilicus
by a diameter of 5Omm. Over this interval the venter changes
from being flatly arched to subacute, bounded by two shallow
grooves.

Growth-lines are prorsiradiate, weakly biconvex at a diameter
of 45mm (Textfig. 5.19M) with a very deep narrow ventral sinus, but
appear to be concavo-convex prior to this point. Up to a diameter
of ca 40mm radial concavo-convex ribs are present, but these
gradually diminish in strength to give weak umbilical tubercles
at the same position as the last, approximated septa, and are hot
present at all on the body chamber, which extends for half a whorl.

The falcate external suture with narrow angular ventral saddle
is illustrated in Textfig. 5.19MJ the internal suture is unknown.

Remarks I It has already been argued that this specimen is probably
the one which Schindewolf (1923b) used to illustrated the suture
of Falciclymenia and which he had described earlier (1923a).
The holotype bears only a superficial resemblance to G. falcifer
Manster 1840, which Schindewolf had named as the type species of
Falciclymenia, but it is probably this well preserved specimen



which Schindewolf had in mind when he erected his new genus.
The two specimens (MfN c429 ,1,3) from Schleiz, which Brugge

illustrated as Falc. falcifera (1973, pl. 1, figs.1-3, 4) clearly
show a falcate suture like the holotype, and have a similar whorl
section. Both specimens are very weathered internal moulds;
one (c429.3) may show weak indications of ribs (Pl. 5.33, Figs.
10,11) and so they cannot certainly be included here.
provided no description of these specimens.

The single fragment of a large specimen which Frech (1902,

Brugge

pl. V(IV), fig. 4) illustrated as Cl. subflexuosa, from La Serre,
Cabrieres the type locality of sp. ~, has a falcate external suture;
and an oxyconic shell form. It may represent a weathered example
of this species, but it is too poorly preserved to be certain, nor
can the material be traced.

The specimen figured by B6hm (1935, pl. II, figs. 1a,b),as
Pseudoclymenia (1) sp., also collected from La Serre, probably
belongs here. It is weathered, but has the same shell form and
suture as the holotype.

Dimensions I

D u ww
11.5
10.9

WH
Holotype, Mbg 62

40
16.6
11

ca28
23

Horizon and distributionl The horizon of the holotype is unknown,
but dark red limestones at La Serre range through the Platyclymenia
and Clymenia Stufen. Brugge's specimens are from the annulata
Zone/Clymenia Stufe boundary. The species is known with certainty
only from Thuringia and the Montagne Noire.
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? Gen. Nov. Esp. b
Pl. 5.31, Fig. 3, Textfig. 5.190

Holotypel BSP AS VII 528.
Type localitYI Geuser, Oberfranken.
Diagnosis I Gen. Nov. E with lirate biconvex growth-lines, and a
tabulate venter.

Description I Only the holotype has been seen. This is preserved
in grey micrite, weathered, and has been pOlished to show the
suture. It (Pl. 5.31, Fig. 3) is subevolute with an umbilical
width amounting to 25% of the diameter, at a diameter of 20mm.
The whorl section is compressed with flattened flanks and a
tabulate venter, which is now filed. Growth-lines are lirate,
slightly prorsiradiate and biconvex. The external suture (Textfig.
5.190) is falcate over the flank, but its course over the venter
is not visible.

Dimensions I

D

5.5
ww
4.8

WHu
BSP AS VII 528 19.5 8

Remarks. There is no conclusive evidence to show that this
specimen is not a Protornoceras, although there is no known species
with which it can be compared.

Horizon and distributionl This unique museum specimen is from I

Geuser, Oberfranken. Other specimens collected from Geuser are
considered to come from the Platyclymenia Stufe.
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Family Carinoclymeniidae BogoSlovskiy 1975

Type genus I Carinoclymenia BogoSlovskiy 1965
Diagnosis I Clymeniaceae with subinvolute to subevolute coiling,
compressed or oxyconic shell form and growth-lines which are
prorsiradiate, concavo-convex or biconvex with a very prominent
ventro-lateral salient. The suture has a high ventral, saddle,
usually split by a shallow lobe, a broad lateral lobe, sometimes

I

an umbilical lobe, and a dorsal lobe.

Included general

Gen. Nov. L proposed here
Carinoclymenia BogoSlovskiy 1965
Pinacoclymenia BogoSlovskiy 1975

Remarks I Bogoslovskiy (1975) erected this family to contain genera
with a compressed or oxyconic shell form, growth-lines with a
prominent ventro-lateral salient, and with a shallow ventral lobe.
This latter feature may simply be a function of the,shell form.
Here emphasis is placed on the growth-line shape. Species with
concavo-convex growth-lines, including a prominent ventro-lateral
salient, which formerly have been treated as Rectoclymenia or
Cyrtoclymenia, are included here in Gen. Nov. F.
distinctive species, often strongly ribbed.

These are small,

Comparisons I These three genera can be distinguished by the
sutures and growth-line course; only Gen. Nov. F has concavo-
convex growth-lines, Carinoclymenia has biconvex growth~lines and
Pinacoclymenia has biconvex growth-lines and two umbilical lobes.

Horizon and distribution. Examples are known from the delPhinus
to paradoxa Zones of the Rheinische Schiefergebirge, Oberfranken,
Thuringia 'Germany), Poland, the southern Urals and Montana (USA).
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Gen. Nov. F
Textfig. 5.20

Protactoclymenia gen. nov. - Wedekind, p. 608.
Rectoclymenia gen. nov. - Wedekind, p. 613.
Rectoclymenia Wedekind - Wedekind, p. 17.
Protactoclymenia Wedekind - Wedekind, p. 20.
Clymenia Munster - Perna, p. 9.
Rectoclymenia Wedekind - Schindewolf, p. 417.
Cyrtoclymenia Hyatt - Schindewolf, p. 421.
Lenticlymenia gen. nov. - Schmidt, p. 126.
Rectoclymenia Wedekind - Matern, p. 94.
Rectoclymenia Wedekind - Nalivkina, p. 100.
Cyrtoclymenia Hyatt - Nalivkina, p. 101.

\

Falciclymenia Schindewolf - Kullmann, p. 538.
Rectoclymenia Wedekind - House, p. 278.
Rectoclymenia Wedekind - BogoSlovskiy, p. 36.

Type species. Protactoclymenia lotzi Wedekind 1908 (= £1. stucken-
berqi Tokarenko).
Diagnosis. Carinoclymeniidae with prorsiradiate concavo-convex
growth-lines.

1914

1914
1923a

?

1924
1931
1953

Description' Commonly small (D <25mm), with evolute to subinvolute

?

p 1960
1962
1975

Whorl section is compressed, quadrate or pear-shaped,
The venter may be tabulate, groovedwith subparallel flanks.

'I

coiling.

with longitudinal ventro-lateral flares, or carinate. Growth-
lines are prorsiradiate concavo-convex with a prominent ventro-
lateral salient. Ribbing is common and generally confined to the
concave portion of the growth-lines. The suture consists of a
dorsal lobe, broad lateral lobe and ventral saddle, which may be
subdivided by a lobe.

The fOllowing species are included:

* lotzi
costata

Wedekind 1908, p. 611, pl. XLIII, figs. 8a-c.
Mttnster 1842, p. 125, pl. XI, figs. 16a,b.



costulata
falcifera

? finitima
glabra

? gracilis
? haynesi

?

minuta
orientalis
ornata
pernai
pinnatiformis
stuckenbergi
subflexuosa
tuberculata?
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MUnster 1839, p. 94.
MUnster 1842, p. 125, pl. XI, figs. 17a,b.
BogoSlovskiy 1975" p. 304, pl. VI, figs. 3,4.
Perna 1914, p. 69, pl. III, figs. 4a,b.
Nalivkina 1953, p. 111, pl. IV, fig. 14.-
House 1962, p. 278, pl. 47, figs. 1-3, textfigs.
13A,B.
Kind 1944, p. 150, pl. 1, fig. 5.
Perna 1914, p. 67, pl. III, figs. 7a,b.
Kind 1944, p. 150, pl. 1, fig. 6.
Nalivkina 1953, p. 110, pl. IV, fig. 11.
Nalivkina 1953, p. 108, pl. IV, fig. 10.
Tokarenko 1903, p. 31, pl. III, fig. 4.
Munster 1840, p. 93.
Kind 1944, p. 152, pl. 18, fig~ 8.

Remarks. Few of these species are well known to me, either because
/

little material is available, or the original illustrations and
descriptions are poor, and also two-thirds of the '~species" were
described in Russian. Two of the species, gracilis and pernai,
were assigned to Cyrtoclymenia by Nalivkina (1953) but later
treated as Falciclymenia by Kullmann (1960). They·develop weak
saddles just outside the umbilical seam, but these are not as
broad as in other species of "Falciclymenia", (see Gen. Nov. E),
above. Their shell form and ornament resembles other species
included in this group.

Comparison. Their small size, subinvolute coiling, compressed
shell form and conCavo-convex growth-lines distinguish numbers of

The Rectoclymeniidae all havethis genus from Cyrtoclymenia.
biconvex growth-lines.

Horizon and distribution. Examples are known ranging from the
delphinus Zone to the ?paradoxa Zone. Most species have been
reported from the Platyclymenia Stufe of the Rheinische Schieferge-
birge, Oberfranken (Germany), s. Urals and Kazakhstan (USSR).
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Schindewolf (1937a) listed a species "Cyrtoclymenia sp. nov.
(cf. stuckenbergi Tokarenko)", as occurring in the sphaeroides
Subzone at Oberrodinghausen, which is considerably younger than
any other records. The species was neither described nor illus-
trated.

Gen. Nov. F stuckenbergi (Tokarenko 1903)·
Pl. 5.30, Figs. 1,2, Textfigs. 5.19A-C

* 1903 £1. stuckenbergi sp. nov. - Tokarenko, p. 31, pl. III,
figs. 4,a,b.

1908 Protactoclymenia lotzi sp. nov. - Wedekind, p. 611,
pl. XLIII, figs. 8,a-c.

1914 Cl. stuckenbergi Tokarenko - Perna, p. 68, pl. III,
figs. 1-3, pl. IV, figs. 11,16, textfigs. 64,5.

1914 Protactoclymenia lotzi Wedekind - Wedekind, p. 23,
pl. 2; figs. 13-15.

1924 Lenticlymenia lotzi Wedekind - Schmidt, p. 126.
1944 Cyrtoclymenia stuckenbergi Tokarenko - Kind, p. 151,

pl. 1, figs. 7,a.
1953 Cyrtoclymenia stuckenbergi Tokarenko - Nalivkina, p. 105, .

pl. IV, fig. 5, textfig. 30.

Type material. The specimen figured by Tokarenko is proposed as .
the lectotype.
Diagnosis. Gen. Nov. F with distinctive compressed whorl section,
grooved venter with longitudinal ventro-Iateral flares and concavely
ribbed flanks.
Material. Two specimens from Bei!, GT 2016 (Textfig. 5.19B) and
KW 2058 (PI. 5.30, Figs. 1,2, Textfig. 5.19C).

Description. Shell form subevolute (u/D = 0.3~) with a compressed
, Iwhorl section (ww/WH = ca 0.6) with the flanks converging from the

maximum width at the umbilical shoulder. The venter is grooved



and longitudinal flares form at the ventro-Iateral shoulder;,
these are visible, preserved as stumps on cross-sections of envel-
oped whoris (Textfig. 5.1ge). The concavo-convex growth-lines
and ribs, continued to the inner part of the flank, are shown in
Textfig. 5.19B, and the broad lateral lobe of the suture is shown
in Textfig. 5.19A.

\Discussion. Perna (1914) first noticed the similarity between
this species with~. lotzi Wedekind, of which the specimen
illustrated (Wedekind 1908) in pI,.XLIII, fig. 8,a,b, is proposed
as the lectotype. Nalivkina (1953) indicated that it had a
shallow ventral lobe (Textfig. 4.14G).

. .
This feature has not been

observed on either of the specimens illustrated here.

Dimensions I

KW 2058

20
15
20.5
20
20
13.7
9.2
6.2

19.8

6.9
7
5.9
3.7
2.2
1.3

5.4

ww WH
5.5 7.5
4.5 6.5
5.5 8
5.4 7.2
4.8 8.3
3.8 5.9
2.7 4.3
2.1 2.9
5.8 7.4

-D U

Tokarenko 1903,
p , 31.

Wedekind 1914,p.23.
Perna 1914, p. 68.
GT 2016

Horizon and distribution. The two specimens described here were
collected from the (1) delphinus Zone at Beil, Sauerland. The
species is also known from the same horizon in the southern Urals.
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Gen. Nov. F falcifera (MUnster 1842),
Pl. 5.30, Figs. 3,4,8, Textfig. 5.19P

(1) Clymenia decorata sp. nov. - MUnster, p. 91
Clymenia falcifera sp. nov. - Munster, p. 125, pl. XI,
figs. 17a,b.
Clymenia flexuosa MUnster - GUmbel, p. 128, pl. XV,
figs. Sa-d.

p 1923a Cyrtoclymenia flexuosa MUnster - Schindewolf, p. 425.
non 1923a Falciclymenia falcifera MUnster - Schindewolf, p. 418,

* 1842
1840

p 1863

and all references below to Gen. Nov. ~.

Type material. BSP AS VII 533, from Geuser, Oberfranken, is proposed
as the neotype.
Remarks I This particular 'specimen had adhering to it a label in
MUnster's handwriting, which said "Cl. decorata". This species
was introduced simply as a name in a list, as £1. ornata var.
decorata (1840, p. 91), without a description of its character.
It is therefore regarded as a nomen dubium. The neotype agrees
completely with the figure which Munster (1842) gave for £1. falci-
~.
Diagnosis. Evolute Gen. Nov. F, with compressed whorl section and
tabulate venter. Early whorls have strong almost tuberculate ribs
at the umbilicus, growth-lines are prorsiradiate concave, becoming
concavo-convex, almost falcate.

Description. Two specimens, the neotype (Pl. 5.30, Figs. 4,8) and
another specimen from Geuser in the MUnster Collection at Berlin,
were available for study.

Both specimens are preserved in matrix so the shell form
cannot be accurately described. Coiling is evolute (U/D = 0.45).
The whorl section seems subcircular in early whorls but becomes
compressed on the last whorl seen, at a diameter of ca 8mm.
Ornament consists of strong lirate growth-lines, present throughout
all preserved growth stages (D = 1.5-11mm). Early whorls have
concave prorsiradiate growth-lines and strong annular ribs (Pl. 5.30,
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Fig. 4). By a diameter of 5.5mm the neotype has no 'ribbing,
only concavo-convex (Textfig. 5.19P) growth-lines, but the Berlin
example has thicker growth lirae and vestiges of ribbing near the
umbilicus.

Dimensions I

D u ww WH
Neotype , BSP ~
VII 533.

10.9 4.9 3.7

Remarks. The ornament by which this species can be separated both
from Rect. flexuosa and Gen. Nov. ~ (formerly Falciclymenia
falcifera) was discussed at length above. Clymenia costulata
Munster 1839 (p. 94) described as '~distinguished from Dunkeri by
ring-shaped tubercled ribs without striations between, in outer
whorls the tubercles are weaker and almost disappear", may be a
senior synonym of this species, but since it was never illustrated
nor more precisely described it is better to give priority to

\falcifera.

Horizon and distributionl This species is only known from the
?sandbergeri Zone at Geuser, Oberfranken.

Gen. Nov. F costata Miinster 1842
Pl. 5.30, Figs. 6,7, Textfig. 5.19D

v 1842 Clymenia flexuosa var. costata noV. - Munster, p. 125,
pl. XI, figs. 16a,b.

non 1923a Rectoc1ymenia f1exuosa Miinster - Schindewolf, p. 425.

Type materiall BSP AS VII 606 from Geuser, Oberfranken, is
recognised as the lectotype.
Remarks I There can be no doubt1'ng that the lectotype was accurately
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illustrated by MUnster 1842.
Diagnosis I Gen. Nov. F with subinvolute shell form, compressed.
flanks, tabulate venter, and prominent lunate ribs, confined to
the inner half of the flank, and disappearing on the body chamber
of mature examples.

Description' Only the lectotype has been seen. It is preserved
in grey micrite and distorted (Pl. 5.30, Figs. 6,7, Textfig. S.I9D).
The umbilical width amounts to 30% of the diameter, at a diameter
of 20.3mm. The whorl shape.visible in the last third of a whorl,
is compressed with flattened flanks converging from a maximum width
at the umbilical shoulder, towards the tabulate venter. Ornament
is visible only on the last half whorl. Here there are four
widely spaced lunate ribs. These have a central depression
(Textfig. S.I9D) giving the appearance of there being two ribs
fused at either end. Over the last quarter whorl the ribs are
prorsiradiate narrower, subdued and muCh closer together, but can
be seen extending over the ventra-lateral salient into aU-shaped
ventral . Only a portion of the suture (Textfig • S.19D)S1nus.
is preserved, but this seems to show a broad lateral lobe.

Dimensions I

D U WW WH
Lectotype, BSP AS 20.3 5.9 4.5 8.1VII 606 15 3.8 4 5.8

Remarks I There have been no references to this species since its
initial description. Only pinnatiformis Nalivkina (1953) has
similar ribs but this has a pear-shaped whorl section. Two other
specimens from Geuser are referred to Gen. Nov. F aff. costata.
BSP AS VII 529 (Pl. 5.30, Fig. 5) differs in having a ventro-
lateral groove a longitudinal ornament and a much narrower umbilicus.
The same features are found on HU P82.21 except that this lacks
the groove in the middle of the ribs.
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Horizon and distributionl This species is known only from Geuser,
Oberfranken. Conodonts extracted from the matrix of BSP AS VII
529 were dated as older than Middle velifer Zone by Prof. W. Ziegler.
This dating suggests an early delphinus Zone age. This is the
earliest conodont zone from which clymeniids are known.

Gen. Nov. F subflexuosa (MUnster 1840)
Pl. 5.30, Figs. 10,11, Textfigs. S.19E,F

* 1840 Clymenia subflexuosa sp. nov. - MUnster, p. 93.
v 1863 Clymenia subflexuosa MUnster - GUmbel, p. 126, pl. XV,

figs. lOa-c.
non 1902 Clymenia subflexuosa MUnster - Frech, p. 34, pl. V(IV),

fig. 4.
Protactoclymenia subf1exuosa MUnster - Wedekind, p. 612.
Rectoclymenia subflexuosa MUnster - Wedekind, p. 18,
pl. I, figs. 2a-c, non 2d-e.

non 1914 Clymenia subflexuosa MUnster - Perna, p. 64, pl. II,'
figs. 21a,b.

v? 1923a Rectoclymenia subflexuosa MUnster - Schindewolf,
p. 417, pl. XVII, fig. 2.

P
?

1908
1914

Type material. BSP AS VII 526 from Geuser, Oberfranken, is proposed
as the lectotyp~.
Diagnosis. Gen. Nov. F with oxyconic shell form, umbilicus
amounting to 25% of the diameter, and concavo-convex prorsiradiate
growth-lines.

Description I Only the lectotype has been seen. This (Pl. 5.30,
Figs. 10,11) has a shell form which in early whorls (D=3.6,
U/D=0.41, WW!WH=1.42) is evolute with a reniform whorl section
(Textfig. S.19F) but by a diameter of 4mm the flanks are compressed
and become progressively more so. At a diameter of lSmm the
venter is acute, bounded by two shallow grooves, the flanks flat
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and converging and there is almost no umbilical wall. The ratio
WW/WH is 0.51, and the.umbilical width amounts to 30% of the diameter
which by the maximum diameter of 21.6mm have reduced to 0.38 and
23% respectively.

The growth-lines are concavo-convex, prorsiradiate with a
shallow flank sinus and a prominent salient on the ventrad part of
the flank, (contra GUmbel's figure 10c), which swings back into a
deep sinus over the venter (Textfig. 5.19E). \Growth-lines number
150 per centimetre at a diameter of 21mm,where they are separated
into groups of ca 25, divided by a few more closely spaced growth-
lines, which give the impression of weak ribs, visible especially'
near the venter. Growth-lines are strengthened over the venter
where they form a weak crenulation.

The suture is not convincingly visible in the spar-filled
phragmacone, but appears to consist of a simple broad lateral lobe.

Dimensions I

Lectotype, BSP AS .
VII 526

D U WW WH
21.6 5 3.4 10
15.9 4.5 2.65 6.7
11 3.44 2.18 4.7
7.2 2.60 1.67 2.88
5.2 1.95 1.85 1.95
3.6 1.39 3.8 1.30

50.5 11.3 11.6 23.5
11.2 3.7 2.9 4.4

Mbg 3021
BSP AS VII 527

Discussion I Munster stated (1840, p. 93) that he had found one
specimen of this new species, after he had prepared the plates for
his latest work, and therefore in this instance it is reasonable
to accept GUmbel's statement (1863, p. 163) that he had figured
MUnster's original. The specimen from La Serre, Herault, figured
by Frech (1902, pl. V(IV), fig. 4) cannot be included hereJ no
ornament is preserved and the suture points to it being either a
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"Falciclymenia" (see Gen. Nov. E below), or a tornoceratid. One
of the specimens figured by Wedekind (1914, pl. 1, figs. 2d-e)
clearly has biconvex ribs, 'unlike the lectotype, and so is not
included in synonymy with this species, and the other specimen
lacks any ornament. The specimen figured by Perna (1914) has a
much thicker whorl section and radial biconvex ribs. It is
probably synonymous with Rect. roemeri Wedekind. Schindewolf
(1923a) found only one poorly preserved specimen (Mbg 3120); this
(Pl. 5.31, Figs. 11,12) lacks ornament and therefore can only
questionably be included here.

Another specimen (BSP AS VII 527, Pl. 5.30, Fig. 9) from
Geuser generally resembles the lectotype, but differs in having
a wider umbilicus (though there is indica,tion of umbilical uncoiling
on the lectotype) and a more pronounced ornament; there are
periodic ribs which are strongest over the ventro-Iateral salient.
The carinate venter is bounded by grooves. The suture is not
visible.

Horizon and distribution. The species is known from Rheinische
Schiefergebirge and Oberfranken. Schindewolf (1923a) recorded
his specimen from III~ (Bed 11, Kirch-Gattendorf).

Genus Carinoclymenia Bogoslovskiy 1965
Textfig. 5.21

1929 ?Tornoceras - Lange"p. 49.
1956 Tornoceras Hyatt - Muller, p. 51.

* 1965
1975

Carinoclymenia gen. nov. BogoslovSkiy, p. 89.
Acriclymenia gen. nov. - BogoSlovskiy, p. 306.

Type species I ?Tornoceras beuelense Lange1929, p. 49, by original
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designation.
Diagnosis. Carinoclymeniidae with sickle-shaped growth-lines,
oxyconic shell form and suture with shallow secondary ventral lobe
and highly arched ventral saddle, broad lateral lobe and dorsal
lobe.

\

Description I A detailed description would duplicate either what
has been sta:.edabove in the diagnosis,. or what is given below in
the description of the type species. Species included here arel

* beuelensis Lange 1929, p. 49.
thaumasta BogoSlovskiy 1975, p. 308, pl. V, figs. 3,4,

fig. 2, Kara-Zhar,. Akt. Oblast,'.

Remarks. Bogoslovskiy (1965) correctly stated that the type species
was a clymeniid, rather than a Tornoceras, which had been thought
hitherto. This he did using material from the southern Urals and
Kazakhstan, for which he established a new genus, Carinoclymenia,
distinguished from Rectoclymenia by the presence of a shallow
ventral lobe. Another, equally diagnostic feature is the growth-
line course. This, on the holotype of beuelensis, the type species
(Pl. 5.32, Fig. 12), would be described as falcate. However,
Bogoslovskiy's diagnosis (in translation, p. 992,3) states.
"Growth striae form rounded lateral and broad, deep ventral. sinuses",
and t~These form a deep broad angular ventral sinus, the two
separated by an abruptly protruding rounded-angular (sic) project-
ion situated almost in the middle of the lateral sides of the
vOlution". The lack of the figure of the growth-line course, and
the poor quality of the photographicillustrations means that these
statements cannot be verified. At first sight Bogoslovskiy's
description of the growth-lines and the one given here would seem
to b~ incompatible. But the rather literal translation may not
be quite correct, and, since BogoSIOvskiy's identification of
beuelensis was based solely on Muller's description (the original
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description of the holotype is brief and the illustration poor),
which included a drawing of the growth~line course, clear~y shown
as biconvex, it must be concluded that any apparent differences
are based on semantics rather than any real difference in the
specimens. 'In any case use of the terms ventral and lateral

,areas, when the shell form is oxycone, are bound to lead to
ambiguity and confusion.

Comparisons I BogoSlovskiy distinguished Carinoclymenia from
Rectoclymenia by the presence of a shallow ventral lobe. While
this feature has been used to distinguish other genera, e.g.
Platyclymenia and Stenoclymenia, it does not seem to be particularly
important, being more an artifact of the extremely compressed
shell form, in contrast to the development of extra lobes without
modification of shell form, which distinguishes Cheiloceras from
Sporadoceras, Posttornoceras from Discoclymenia, and Uraloclymenia,
Kiaclymenia and "Biloclymeniat~ (see Gen. Nov. C for a discussion
of the correct usage of these names). However, the true,Recto-
clymenia (see above) has radial or weakly biconvex growth-lines
(Pl. 5.31), which is a simpler way of distinguishing it from
Carinoclymenia. Less clear cut is the dividing line between
Carinocl~enia and species assigned here to Gen. Nov. !. These
are all compressed, but their growth-lines show varying degrees
of falcateness, and the ratio U/D ranges from 0.25-0.50, compared

!

with only 0.10 in Carinoclymenia. The sutures of this group are
largely unknown, and a more conservative interpretation.would be
to include them all as Carinoclymenia.

Acriclymenia BogOSlovskiy 1975, p. 306, was erected to
contain the species thaumasta. It was distinguished from Carino-
clymenia by faint longitudinal grooves near the venter, a broad
ladle-shaped ventral growth-line sinus, and a suture with an
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unusually high ventral saddle. These characters seem too trivial
to warrant separation at generic level.

Horizon and distributions Known from the delphinus Zone of the
southern Urals and Kazakhstan (USSR) and the annulata Zone of
Thuringia, Oberfranken and the Sauerland (Germany).

Carinoclymenia beuelensis (Lange 1929)
Pl. 5.32, Figs. 1-12, Textfigs. 5.19J-L, 5.21

v* 1929 ?Tornoceras beuelensis sp. nov. - Lange, p. 49, pl. 1,
fig. 4.

v Tornoceras beuelense Lange - Muller, p. 51, pl. 1,
fig. 9,textfigs. 9,8.

1965 Carinoclymenia beuelensis (Lange) - BogoSlovskiy,

1956

p. 993, figs. 1a-d, 2a-b.

Type materials The holotype, an unnumbered specimen in the Museum
fur Naturkunde, cOllected by Lange from the annulata Zone at Beil,
is illustrated here, Pl. 5.32, Figs. 11,12.
Materials Four specimens from the type locality (KW 2072, GT2021-3)
have been examined as well as the specimen figured by Muller (1956).
Diagnosiss Carinoclymenia with oxyconic shell form, umbilical
width amounting to 10% of the diameter, venter serrate, formed by
the spinose projection of riblets, and bounded by very shallow
depressions. Umbilical wall steep. Growth-lines falcate,
periodically strengthened to form riblets at the venter, and weak
ribs at the umbilical shoulder.

Description. The hOlotype (MfN, Pl. 5.32, Figs. 11,12) shows all
the features mentioned in the diagnosis, especially the umbilical
ribbing, which is more marked than in any of the other specimens
described here. The whorl section, evolute to a diameter of ca
3mm, with a rounded venter (GT 2022, Pl. 5.32, Fig. 5) quickly
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becomes compressed, oxyconic (GT 2023, Textfig. 5.19L) with weakly
convex, convergent flanks, and shallow depressions bounding the
acute venter (KW 2070, Pl. 5.32, Fig. 3). Growth-lines are falcate
at all diameters seen, with the apex of the larger salient maintain-
ing a position approximately two-thirds of the way across the
flanks from the umbilicus to the venter. Periodically they are
strengthened and form lirae. Weak ribs in the umbilical region
are already present by a diameter of lOmm.

I

The serrate, spinose
venter is clearly visible on GT 2021,3 (Pl. 5.32, Figs. 4,7).
Wrinkle-layer is visible on KW 2070 (Pl. 5.32, Figs. 9,10); the
dorsal wrinkle-layer consists of anastomosing striae running across
the flank in a convex course, and the ventral wrinkle-layer is
expressed as low bumps on the internal mould of the body chambers
representing shallow pits on the inner surface of the body chamber
shell. A normal clymeniid wrinkle-layer keel is formed along the
ventral ridge, but here the striae are twice as frequent as on the
flank.

The suture, observed only on Muller's rather damaged specimen
(MfN, Pl. 5.32, Fig. 8), is shown in Textfig. 5.19J. It resembles

Bogoslovskiy's description.

Dimensions I

D U WW WH
MfN, hOlotype 40 5 5 24

24.2 3.9 13.4
KW 2070 46.8 3.9 6.6 26.3

31.2 3.1 5.7 17.6
GT 2021 21.8 2.5 12.4
GT 2023 14.9 1.9 3.2 8.3

8.9 1.5 2.4 5.0
5.4 1.2 1.5 2.8
3.4 1.15 1.5

0.8 0.6

Horizon and distributionl The newly described topotypes were
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collected from an isolated outcrop at Beil and can be dated only
as annulata Zone (see Chapter 7).
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Family Clymeniidae Edwards 1849

Type genus. Clymenia MUnster 1834.
Diagnosis. Member of the Clymeniaceae with a suture consisting
of a broad ventral saddle; lateral lobe, usually asymmetrical
with a shallow flank on the dorsad side and a deep U-shaped
dorsal lobe.

Description. Shell subevolute to evolute with circular or compress-
ed whorl section. Growth-lines convex. concavo-convex or weakly
to strongly biconvex. with a ventral sinus. Ribbing may be
present. The suture is described above. Genera are distinguish-
ed by the shape of the lateral lobe. and those currently assigned
to this family are Aktuboclymenia Bogoslovskiy 197~, Protoxy-
clymenia Schindewolf 1923a. Clymenia Munster 1834, and Kosmo-
clymenia Schindewolf 1949a.

Discussion. A relationship between the three last named genera
has long been recognised. Schindewolf arranged them into the
morphological series Clymenia - Protoxyclymenia - Kosmoclymeqia,

)showing a progressive sharpening of the lateral lobe, but this
theory could not be substantiated by stratigraphic findings.
Lange (1929) reported Protoxyclymenia and Kosmoclymenia from the
delphinus Z'one,yet Clymenia first appears above, in the Clymenia
Stufe.

Recently Bogoslovskiy (197~) has erected a new genus Aktubo-
clymenia, known from the Platyclymenia Stufe. It is character-
ised by a very shallow, but slightly asymmetrical lateral lobe.
This he regarded as the initial genus in the evolutionary series
Aktuboclymenia - Protoxyclymenia - Kosmoclymenia, with Clymenia
being a short-lived off-shoot during the early Clymenia Stufe
(Textfig. 4.13).
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Schindewolf (1957, 1972) and Korn (1981a) would regard the
small, highly ribbed genera Sulcoclymenia, Piriclymenia and Ornato-
clymenia as belonging to this family. To insert them here would,
however, make this family POLyphyletic since it has been argued
(Schindewolf 1972) that Sulcoclymenia is descended from Platy-
clymenia, yet the same is true for Aktuboclymenia, included here
in the Clymeniidae. Therefore the group Sulcoclymenia, Piri-

clymenia and (1) Ornatoclymenia may also deserve familial status.
A conservative approach is adopted here, and the group is included
as a new subfamily within the Platyclymeniidae. Schindewolf
would also include Trochoclymenia Schindewolf 1926 in the Clymenii-
dae. This has an umbilical lobe lying outside the seam, a narrow
ventral saddle, lacking shallow ventro-lateral lobes, and the
steeper flank of the lateral lobe is the dorsad one, unlike the
other four genera included in the Clymeniidae (see Chapter 4).

Horizon. The family ranges from the delphinus Zone to the
evoluta Zone.

non
non

p

p

non
p

p

p

p

1801
1822
1831
1832
1834b
1838
1863
1884
1902
1908

Genus Clymenia MUnster 1834
Textfig. 5.23

Planulites gen. nov. - Lamarck, p. 101.
Planulites - Parkinson, p. 163.
Planulites - MUnster, p. 182.
Planulites Parkinson - MUnster, p. 4.
Clymenia MUnster - MUnster, p. 66.
Endosiphonites gen. nov. - Ansted, p. 416.
Clymenia MUnster - GUmbel, p. 35.
Oxyclymenia gen. nov. - Hyatt, p. 313.
Clymenia MUnster - Frech, p. 29.
Orthoclymenia gen. nov. - Wedekind, p. 605, 619.



1914
1923a

p 1924
1929

non 1937a
1957
1960
1966
1981
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Laevigites gen. nov. - Wedekind, p. 47
Laevigites Wedekind - Schindewolf, p. 464.
Cyrtoclymenia Hyatt - Schmidt, p. 129.
Orthoclymenia Wedekind - Lange, po 116.
Clymenia MUnster - Schindewolf (= Cymaclymenia).
Clymenia MUnster - Schindewolf, p. L44.
Clymenia MUnster - BogoslovSkiy, pl. XXXII, figo 3.
Clymenia Munster - Chlupa~, p. 54.
Clymenia MUnster - Ruan, p. 121

Type speciesl Planulites laevigatus MUnster, by subsequent
designation of Frech 1902, p. 29, (and 1913, p. 5).
Diagnosis. Member of the Clymeniidae with serpenticonic shell,
very faint convex-concave or biconvex growth-lines, with a suture
consisting of a ventral saddle, an asymmetric lateral lobe, and a
deep pointed dorsal lobe.

Description I Serpenticonic shell with wide shallow umbilicus,
usually greater than 50% of the diameter, circular to compressed
whorl section and narrow, shallow impressed area. The shell
surface is almost smooth. Growth-lines are very faint, radial or
rursiradiate, with a very shallow flank sinus, and a shallow mid-
ventral sinus. Spiral ornament is known, as are faint plicate
ribs, rib~ and deep constrictions on the body chamber. The suture
consists of a ventral saddle, a broad concave, asymmetric lateral
lobe, which has a steeper ventrad side,and a deep dorsal lobe.

Available specific names. The fOllowing specific names have been
used in.genus Clymenia sensu stricto.

*laevigata

cingulata

MUnster 1831, p. 182. 1832, p. 5, pl. I,
figs. la-f, Schubelhammer, Oberfranken, known
also from Czechoslovakia, Rheinische Schiefer-
gebirge, England, Carnic Alps, Montagne Noire,
N. Africa, W. Australia, s.w. China.
GUmbel 1863, p. 137, pl. XVI, figs. 9a-d,
Schubelhammer, Oberfranken.



cranoides

cranoideformis

h elliptica

hoevelensis

nana

pygmea

rumala

semicingulata

serniplicata

h speciosa
spiratissirna

striatula
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Lange 1929, p. 118, pl. 3, fig. 34a, fig. 34
Melschede (= H6vel), Sauerland.
Kolotukhina 1938, p. 675, pl. 2, fig. 10,
Karagandinskaya Oblasti, USSR.
MUnster 1839, p. 7; GUmbel, 1863, p. 137,
pl. XVI, fig. 7, Schubelhamrner, Oberfranken.
Wedekind 1914, p. 41, pl. IV, fig~. 1,2,
Havel, Sauerland.
Munster 1839, p. 7; GUmbel 1863, p. 137,
pl. XVI, fig. 8, Heinersreuth, Oberfranken.
MUnster 1832, p. 6, pl. 1, figs. 2a-d,
Geigen and Schubelhamrner, Oberfranken.
Ruan 1981, p. 122, pl. 29, figs. 32-8, pl. 31,
fig. 17, textfig. 89, s.w. China.
Munster 1839, p. 7; GUmbel 1863, p. 137,
pl. XVI, fig. 5, Schubelharnmer, Oberfranken.
Munster 1839, p. 7; GUmbel 1863, p. 137,
pl. XVI, fig. 6, Schubelharnmer, Oberfranken.
MUnster 1839, p. 7; Gattendorf, Oberfranken.
Schindewolf 1923a, p. 465, pl. XVIII, fig. 4,
Kirch-Gattendorf, Oberfranken, Sauerland.
Lange 1929, p. 119, pl. 31, fig. 35, Burg,
Rasenbeck, Sauerland.

The MUnster species may all be synonyms of Cl. laevigata, and
are discussed with that species below, with the exception of £1.
nana, for which no type material has been traced. Other authors
seem to have used this genus as a repository for evolute specimens
which they could not place elsewhere. Clvmenia rumala Ruan is
the best documented species. It has a certain Clymenia suture,
subevolute coiling, and weakly rursiradiate biconvex growth-lines.
Clymenia cranoides (Lange) known from two specimens, supposedly
from the upper Clymenia Stufe at Havel has a Clymenia suture,
subevolute coiling (U/D=O.4, D=21), and a compressed whorl section.
Growth-lines were slightly rursiradiate and linear. Clymenia
striatula (Lange) has weak ribs, and is discussed under Cl.
laevigata. Clymenia spiratissima (Schindewolf) is discussed
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under Cl. ~piratissima, below. No suture is known from £1. cinqu-
lata Gumbel, but it is described below. Clymenia cranoideformis
(Kolotukhina) was described as having Clymenia type suture, but
the illustration (fig. 12) does not confirm this. No growth-lines
were preserved. Described from small specimens this species
could easily belong to Protoxyclymenia or Cyrtoclymenia.

Discussion. The nomenclature of this genus was (and still is)

in a "confused state" (Schindewolf 1949a, p, 64). Schindewolf
had at least four attempts at clarifying the problem (1937a,
p. 13; 1949a, p. 65; 1955, p. 418, and 1972, p. 23). Further
comments were made by Turner (1962, p. 183). It is still quest-
ionable whether a correct decision has been arrived at.

There are three questions to answer; whether Clymenia is a
valid genus, if so, when it was first used, and what is to be
regarded as its type species?

The name Cly,menia was first used in the Neues Jahrbuch (MUnster
l834a, po 42,3), where Munster states in a letter dated 1st

December 1833 that his publication "tiberPlanuliten ygg Goniatiten
It••• (MUnster 1832) will shortly be translated into French, and

that in it he intends to replace the generic name Planulites
Parkinson with Clymenia. No reason was given for this change
of name.

It seems worthwhile, at this stage, to document the various
descriptions of Planulites. The earliest post-Linnaean usage is
by Lamarck (1801, p. 101) who, under the section "MOllusques,
Cephales, Ammonitier" states,

Planulite Planulites. Coq. en spirale discoide, a
tours contigus et tous apparens, et ayant les parois
simples. Cloisons transverses entieres. Planorbiter, ..... * Planulites sulcata n. Corne - d'ammon a ra~es
andoyantes? Bourg. Petrif. t. 46, f. 290.
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Bourget (1742) illustrated in pl. 46, fig. 290, a serpenti-
conic shell which has convexo-concave growth-lines. I could find
no description in the accompanying text, but Lamarck seems to have
interpreted it as a cephalopod with simple sutures.

Parkinson (1822, p. 163) to whom Munster ( 1831, 1832) refers,
has a more precise definition, but since this lacks an illustration
it is also difficult to interpret,

A multilocular, spiral, flattish and discoidal shell,
the turns contiguous and apparent, the chambers sep-
arated by plain septa pierced with a marginal siphunc1e.
Fossil. As the shells of the preceding genus (Q!£y-

lites) have possessed the outer appearance of Nautilus,
with the internal characters of ammonites, so this
shell possesses the external appearance of Ammonites,
and, at the same time, is characterised by the plain
concave septa of Nautilus. As its external form
agrees with that of the fOllowing genus (Ammonites),
another figure is not requisite.

The type species of P1anu1ites would seem to be El. su1cata
Lamarck, illustrated by specific reference to Bourget's earlier
illustration. This figure is virtually uninterpretable and could
be of a cephalopod, a gastropod or an annelid. I have been
unable to trace a modern usage of the name Planu1ites. Clearly
Lamarck intended it as a cephalopod, but without a more precise
diagnosis, or an unambiguous figure it must remain a nomen nudum.
Parkinson (1822) gave a similarly unhelpful account, which did
not serve to clarify the identity of P1anulites. The relation-
ship surrounding the various usages of c1ymenia and Planu1ites
runs as follows& C1YI.!!:eniaMUnster 1834 == P1anu1ites MUnster
1831, 1832, P1anu1ites MUnster ~ P1anu1ites Parkinson or P1anu-
lites Lamarck.

The name C1ymenia was derived" from Clymene, daughter of Oceanus,



but this name had already been used (by Oken 1807, fide Neave
1939, p. 770). The French translation of MUnster 1832 appeared

. . ...in August 1834, entitled "Memo~re sur les ClyIlJeneset les Goniatites
du calcaire transition du Fichtelgebirg~", in which Clymenia is
used instead of Planulites. Therefore, Clymenia should date from
1834. Previously Schindewolf (1937a) argued that its first usage
had been in 1832 in Goldfuss' Naturhistorischen Atlas Lief. 4

(1832, po 489, and Atlas pl. 439, fig. 7) where £1. striata was
described. However, he later (1955) showed that this particular
part was published long after, in 1844. Also there is a cata~ogue
of fossils in MUnster's Collection (MUnster 1833) in which the
name Planulites is still used, which also suggests that clymenia

was not adopted in 1832.

Other red herrings in this account.are the generic names,
Clymenites and Clymenea. Clymenites was used by MUnster in 1835
in another letter to the Neues Jahrbuch (1835, p. 334), but with-

out qualification or description. According to the £Q9g (Art.
56b) this must fall as a homonym of Clymenia. Presumably it
represents an attempt to bring the ending of this new ammonoid
generic name into line with Ammonites, Goniatites and Ceratites.
Four Nomenclators (details in Schindewolf 1949a) list the genus
Clymenea. The earliest reference is in Scudder 1882, p. 78
(Nomen. ZOOI. Supplo list po 28 and Univ. Index p. 72), derived
from "Agassiz". Scudder cites here MUnster 1830, which is a
work entitled "Bemerkungen zur nIDleren kenntnis der Belemniten".
Neither Schindewolf (1937a, p. 14J 1949a, p. 65), nor Cox
(Opinion 182), nor I can find such a reference, so this must be
presumed to be an error, copied uncorrected by subsequent compilers
of nomenclators.

A type species for Clymenia was first proposed explicitly
by Frech (1913, p. 5) "Clymenia s. str. TypuSI Clymenia laevigata
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MUnster", though he had earlier stated (1902, p. 29) "Bei der
ersten Beschreibung von £lymenia (1839) hat Graf Munster die 1832
als Planulites bezeichnete Clymenia laevigata als typus der Gattung
vorangestellt". Schindewolf (1957, p. L54) accepted the earlier
of these statements as a valid type designation "Clymenia Munster
••••(Planulites laevigitus MUnster 1832; SD Frech 1902)".
Therefore, in the absence of any designation by a previous author
Frech (1902) is considered to have established Pl. laevigatus as
the type species of Clymenia.

Orthoclymenia Wedekind 1908 and Laevigites Wedekind 1914,
established without type species, both contained laevigata MUnster,
then already established as the type species of Clymenia, and so
are both junior objective synonyms of Clymenia.

Comparisons. The most similar genus to Clymenia is Aktuboclymenia,
from which it was descended. Aktuboclymenia differs only in
being subevolute, and having concavo-convex growth-lines,
Protoxyclymenia has a much weakeradventive lobe, and different
growth-lines.

Horizon and distribution. Clymenia is known from the middle
Clymenia Stufe of England, Rheinische Schiefergebirge, Poland,
s. Urals, Montagne Noire, N. Africa, and W. Australia.

Clymenia laevigata (MUnster 1831)
Pl. 5.18, Figs. 5-10,13,14, Pl. 5.20, Figs. 2,8,9,12,13

Textfigs. 5.22A,C, 23

* 1831 Planulites laevig atus ap , nov. - MUnster p , 182,
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1832 Planulites laevigatus MUnster - MUnster, p. 5, pl. I,
figs. la-f.
Clymenia laevigata Munster - MUnster, p. 67, pl.I, figs.1a-f
Clyrnenia laevigata MUnster - Munster, p. 3,35, pl. la,
figs. la-f.

1853a Clyrnenia laevigata Munster - Sandberger, p. 184,

1834b
1839

pl. VII, figs. la-f.
1863 Clvmenia laevigata Munster - GUmbel, p. 137, pl. XVI,

figs. 5a-g, 6a,b, 7a-c, only.
1902 Clymenia laevigata Munster - Frech, pl. V(IV), fig. 2.
1914 Laevigites laevigatus Munster - Wedekind, p. 48, pl. IV,

figs. 1,2.
1914 Laevigites hoevelensis MUnster - Wedekind, p. 49,

pl. IV, fig. 3.
v 1923a Laevigites laevigatus MUnster - Schindewolf, p. 464.
v Laevigites hoevelensis MUnster - Schindewolf, p. 463,

pl. XVIII, figo 3.
1924 Cyrtoclyrnenia laevigata MUnster - Schmidt, p. 129,

textfig. 4.
1929 Orthoclyrnenia laevigata MUnster - Lange, po 117.
1950 Clymenia laevigata Munster - Termier and Termier, p. 74,

pl. CLIX, fig. 25.
1957 Clymenia laevigata Munster - Schindewolf, p. L44,

figs. 41.4.
1960 Clymenia laevigata Munster - Bogoslovskiy, pl. XXXII,

fig. 3.

? 1975

Clymenia laevigata Munster - Chlupac, p. 94, pl. II,
figs. 1-3, pl. III, figs. 1-4, pl. IV, figo 4.
Clymenia cf. laevigata MUnster - Petersen, p. 46, pl. 1,
fig. 5, textfig. 25.

1981 Clymenia laevigata Munster - Ruan, p. 121, pl. 29,
figs. 22-24, textfig. 88.

1966

Type materiall SM H10366 (MUnster Collection), illustrated in
Pl. 5.18, Figs. 7,8, Textfig. 5.22B,C, collected from SChubel-
hammer, Oberfranken, is proposed as the lectotype, and BSP AS VII
605 (Pl. 5.18, Figs. 13,14) is proposed as the paralectotype.
Remarks I The type series (Munster 1833) contained at least nine
specimens. Munster (1832) figured at least two specimens, one
attaining a diameter of ca 140mm, and the other a fragment, cut



to show the whorl section. This latter specimen (BSP AS VII 603;
Pl. 5.18, Figs. 11,12) has been located, but since it shows rursi-
radiate ribs, is excluded from this species. The large specimen
illustrated by Munster cannot now be identified. Grouped together
in Munich in September 1978 were some nine specimens, associated
with various MUnster and GUmbel labels relating to laevigata and
its varieties. More specimens in MUnster Collections labelled as
laevigata and varieties from Schubelhammer were located in Cam-
bridge (SM HI0363-72, 10398-00), London (BM 81849, C83295, 81828,
C82838), and Berlin (11 unnumbered specimens). Of these two,
well preserved and resembling the original figure (MUnster 1832,
pl. I, figs. la-c), were selected as types. Some of the others
are described below, too.
Diagnosis. Large Clymenia, commonly attaining a diameter of 200mm.
The whorl section is circular until a diameter of ca 60mm, then
becomes increasingly compressed; U/D increases from 0.48 to 0.55
between diameters of 20 and 200mm. Growth-lines are barely visible,
rursiradiate, biconvex, with the dorsad salient occupying half of
the flank with a shallow sinus over the venter. Secondary ornament
is restricted to faint plications, running parallel with the
growth-lines.

Description. The lectotype (Plo 5.18, Figs. 7,8) is very well
preserved. The whorl section (Textfig. 5.22A,C) is circular up
to a diameter of ca 40mm (R = 24), becoming increasingly compressed
thereafter, with flanks converging on a narrow venter. Flanks
are quite flattened in examples (e.g. SM H10363) larger than the
lectotype. The ratio U/D varies between 0.55 and 0.45, between
diameters of 25 and 80mm. At all diameters the impressed areas
are small, only 10-12% of the previous whorl is enveloped.
Growth-lines are extremely difficult to see on the lectotype;
until a diameter of ca 40mm they are slightly rursiradiate and
weakly biconvexo Thereafter their course is more radial, and the
flank sinus even less developed. On the body chamber there are
a series of weak ventral grooves numbering 20 in the last half
whorl preserved running parallel with the growth-lines, which are
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reflected on the internal mould as constrictions. Spiral lines
run around the venter. The external suture (Textfigo 5.22B)
comprises a broad flat ventral saddle, and an asymmetric lateral
lobe.

In excess of 100 specimens from Oberfranken, together with
many from the Rheinische Schiefergebirge, have been examined,
which makes this the commonest species in collections of clymeniids.
This wealth of material lacks any precise stratigraphic details,
and so makes interpretation of variation within the species imposs-
ible to defineD A number of specimens has been selected for
further comment.

The proposed paralectotype, BSP AS VII 605 (Pl. 5.18, Figs.
13,14) is a large specimen attaining a diameter of ca 130mm.
This is almost the same size as that of Munster's figure (1832,
plo I, fig. la), but there are major differences in the appearance
of the two specimens. This is why it is not proposed as the
lectotype. It shows growth-lines which are more rursiradiate
than on the lectotype, visible until a diameter of 80mm. A
spiral ornament runs around the venter. An unnumbered specimen
in Munich (Pl. 5.18, Figs. 5,6) also shows growth-lines which are
more rursiradiate than the lectotype .and they have an almost
concave course on the body chamber. The label associated with
this specimen suggests that it is the "original'~ of Munster's
.Q.l.. laevigata var. serniplica.ta. BSP AS VII 601 (Pl. 5.18,
Figs. 9,10), figured by Gambel (1863, pl. XVI, fig&. 7a,b) as
the "original" of MUnster's Cl. laevJ.gata var. elliptica, has a

. -
deep annular constriction at a diameter of 40rnrn. No trace of

growth-lines remains. SM H1036S (Pl. 5.20, Figs. 12,13) and
BM C82328 (Pl. 5.20, Fig. 2) do not appear to differ from the
lectotype. SM H10362 has 16 septa in the last whorl, up to a
diameter of 105mm.
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D U
SM H10366,
lectotype

82.5
64,6

42.9
33.2

BSP AS VII 605 120 64.2
paralectotype
BSP AS VII 601 45.3 24
BSP, Pl. 5.18, 65.5 33.3
Figs. 5,6
SM H10365 43.5 2202
SM HI0368 4507 23.3
HU P82.22 185 cal00
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ww WH R

16.9 22.7 47.31401 17.3
13.8 17.1 34.78.2 9.8 18.2
4.7 ca 5.5 10.9
2.5 2.8 5.5

21.0 32.5 67.2

10.2 12.7 26.3
15.4 19.2 38.1

11.5 12.8 ca26
12.7 13.8 26.6
26 46

Discussion I MUnster's original description (1831, p. 182) runs,
,Parmi plusiers especes de Nautiles du Fichtelgebirge,

le plus commun est notre Planulites laevigatus, N.
sp., je l'ai trouv~ varient d'un demi-pouce a sept
pouces en diametre, le test epais est tout a fait lisse
et a huit tours de spire completement visible et se

, . , .retrec1ssant 1nsens1blement.

House (in Turner 1962) considered this to be a "brief but legally
adequate description", with which I would agree. There is no
other large, evolute smooth shelled ammonoid from the Fichtelge-
birge known to me, with which laevigata could be confused.
Schindewolf (1972, p. 75) disagreed with House on the grounds that
the description was vague and ambiguous, and considered Planulites
laevigatus Munster 1831 to be a nomen nudum. He did not quote
all of Munster's description but paraphrased it, so as to make it
seem less precise, and suit his own argument.

Turner believed that because clymenia MUnster 1834 was a
replacement name for Planulites MUnster non Parkinson, laevigata
should become its type, by monotypy, being the only species
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mentioned in the ear1iest reference to Planulites sensu MUnster.
Schindew01fDs counter to this was that Munster (1831, p. 228)
also mentioned the species undulatus. This, however, is a true
nomen nudum, being simp1y a reference to the name, but a1so this
reference occurs in a separate article from that in which laevigata
appears. Turner's argument is appealing but invalid. The ru1es
(Code, Art. 68(c» state "Monotypy - A genus original1y establish-
ed with a simp1e nomina1 species as its type, •••(type by monotypy}".
When "originally estab1ished" (MUnster 1834a) Clymenia, replacing
Planulites MUnster, had at least 15 included species.

MUnster (1839) introduced names for several briefly described
varieties of C1. laevigata, none was illus~rated.

elliptica
ll9lli!
semicingulata
semip1icata
speciosa

"an elliptica1 shape in young and 01d"
"up to 1" in dd amecer"
"ring-1ike ribs on the round verrcer"
"half-ribs on the inner whorls"
"wide (= high) whorls, over 1" in diameter"

GUmbel (1863, p1. XVI) figured what he considered to be
Munster's originals of laevigata (fig. Sa-c), semiplicata (fig. 6)
and e11iptica (fig. 7). Only that of £1. e1liptica can be
identified with certainty, it (BSP AS VII 601) is considered to
be a £1. laevigata. It does not have a whorl section which is

more e1liptical than £1. laevigata (Pl. 5.18, Figs. 9.10).
The specimen GUmbel (1863, pl. XVI, fig. 5) figured as

laevigata cannot be traced. That figured as semiplicata has
a1ready been discussed. Two more specimens were given MUnster
names, but were not attributed as originals, £1. laevigata yare
semicingulata, illustrated (1863, pl. XVI, fig. Se) by a small
fragment of body chamber showing weak ribs, and Cl. laevigata
varO ~ (1863, pl. XVI, fig. 8), neither can be traced. Clymenia



~ is dicussed with Cl. SPa S below. Cl. semicingulata cannot
be interpreted from the figure.

Lange (1929) also named a species with radial ribs, Cl.
striatula. He recorded two specimens with the same shell form,
one showed the suture, and the other a ribbed ornament. The
extent of the impressed area (one third of the height of the
previous whorl) would seem to distinguish this species from MUnster's !

ribbed varieties.
Wedekind (1914) and subsequently Schindewolf (1923a) recog-

nised two major species of Clymenia; £1. laevigata and £1.
hoevelensis (Wedekind), distinguished by their sutures. It was
stated (Wedekind 1914) that in Cl. hoevelensis the lateral lobe
ran smoothly into the ventral saddle, whereas in Cl. laevigata
there was a sharp knick separating the two. Wedekind's inter-
pretationof £1. laeviga~a in this way rests on GUmbel's figure
(1863, pl. XVI, fig. Sc) of MUnster's "original". It has already
been suggestedthat this is not Munster's original, and the proposed
lectotype has a suture which is like MUnster's illustration (1832,
pl. VI, fig. 1c) and Cl. hoevelensis (Wedekind), which means that
the two species are synonyms. Lange (1929) after cOllecting
140 specimens, believed that the apparent difference between Cl.
hoevelensis and Cl. laevigata was caused by removal of material
during preparation.

Horizon and distribution. As for the genus.

Clymenia spiratissima (Schindewolf 1923a)
Pl. 5.18, Figs. 2-4, Pl. 5.20, Fig. 1, Textfig. 5.23

(?) 1832 Planulites pygmeus SPa nov. - MUnster, p. 6, plo I,
figs. 2a-d.
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? 1863 Clymenia laevigata var. nana MUnster - GUmbel, pl. XVI,
. - .....

fig 0 8.
* 1923a Laevigites spiratissimus sp. nov. - Schindewolf, p. 465,

pl. XVIII, fig. 4.
? 1929 Orthoclymenia spiratissima Schindewolf - Lange, p. 118,

Type material. No type has been designated. The specimen figured
by Schindewolf (1923a) cannot now be traced at Erlangen, its stated
repository.
Diagnosis. According to Schindewolf (1923a) this species could
be distinguished from Cl. laevigata by its more slowly increasing
whorl height, and more evolute shell coiling (see Textfig. 5023).
No actual measurements were given with the original description,
only ratios.

Description. A description can be produced only by looking at
Schindewolf's illustration. This shows an evolute, weathered
shell with no ornament preserved. If the illustration is at
natural size then at a diameter of 37mm the ratio U/D is 0.65 and
WH/D is 0.22. The whorl section is quadrate with flattened flanks
and venter. Measurements from a number of specimens are plotted
on Textfig. 5.23. the ratio U/D declines from 0.67 at a diameter
of 10mm, to 0.57 at a diameter of 50mm. WW/WH has been calculated
at only four diameters but the slope on the regression line is
shallower than that for laevigata. Whorl height itself seems to
increase more rapidly,than £1. laevigata (contra Schindewolf
1923a). Schindewolf described the suture as like that of L.
hoevelense (::Cl. laevigata) •

Dimensions I

D U WW WH
Schindewolf 1923a 47 28 12.5pl.XVII, fig.4, 37 24 8
lectotype •.
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BM C83292
SM H7537

D
18.1
9.7

U
11.9
6.5

ww

2.16

WH
3.8
1.8

Discussion I The lack of a type specimen makes diagnosis of this
species difficult. Schindewolf (1923a, p. 467) stated that he
had collected many small examples from Beds 16 and 17 at Kirch-
Gattendorf, yet the specimen he illustrated was relatively large
(D = ca 50), and from a museum collection. It is possible,
therefore, that most of the material he used to describe the species
differed from the illustrated examples.

Lange (1929) mentioned the species and gave comparative
measurements to discriminate it from Cl. laevigata. He found
only two specimens, yet from the same levels he collected 140
examples of Cl. laevigata, with no forms intermediate in morphology
between the two species.

I have observed numerous small (D<20) evolute specimens
which fit Schindewolf's description of Cl. spiratissima, including
some 50 cOllected and labelled by him from Ballberg, Havel, now
housed in the Museum fur Naturkunde, Berlin. Two are illustrated
herea MfN, labelled as £1. pygmea MUnster Collection, Schubel-
hammer, (PI. 5.18, Fig. 2)J and BM C83292 MUnster Collection,
Schubelhammer (Pl. 5.20, Fig. 1). C83292 shows faint traces of
rursiradiate, convexo-concave growth-lines at a diameter of 18mm
and the Berlin specimen has deep rursiradiate constrictions on
the last half whorl. Both specimens appear to have quadrate
whorl sections. A small specimen from Erlangen-Nurnberg (Pl. 5.18,
Figs. 3,4) may represent the inner whorls of this species, and
clearly shows the protoconch.

Planulites pygmeus MUnster is illustrated (1832, pl. I,
fig. 2) as small, with rursiradiate growth-lines, and a Clymenia
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type suture, and could be regarded as a senior synonym of Cl.
spiratissimao However, the figured specimen cannot be traced,
and the specimen which GUmbel illustrated (1863, pl. XVII, fig. 7;
BSP) as Munster's original is a Kosmoclymenia. There are four
specimens in Cambridge labelled as Clo pygmea; one (H7540) is a
Kosmoclymenia, and one (H7538) is like the two specimens attributed
here to Cl. spiratissima. The other two (H7537, 7539) are too
small to be identified. Only SM H7540 shows trace of growth-
lines or suture. Therefore, Cl. pygmeus Munster is treated as a
nomen dubium.

Clymenia laevigata var. nsng MUnster, described (1839, p. 7)
as "not exceeding an inch in diameter", could on that information
alone, be indistinguishable from Cl. spiratissima. GUmbel (1863,
pl. XVI, fig. 8) illustrated Munster's original of Cl. nana, but
did not describe it. Schindewolf (1923a) stated that £1.
spiratissima and Cl. ~ could be distinguished by the more
rounded whorl section, and more rapid increase in whorl height
in the latter.

Comparisons. The graphs in Textfig. 5.23 show how the parameters
U, WW and WH, and the ratios U/D and WW/WH can be used to dis-
tinguish between £1. laevigata and £1. spiratissima. Maximum
diameter is another criterion. Dimorphism is not a likely
explanation for this difference. the species do not co-occur,
and their whorl form and coiling are different at all stages.

I have found only one specimen (SM H10364, Pl. 5.20, Figs.
10,11, Textfigs. 5.22,23) which cannot be easily assigned to either
£1. spiratissima or £1. laevigata. This has whorls which initially
increase in height more rapidly than £1. laevigata, and have a
more compressed whorl section, being oval by a diameter of 10mrn
(16rnmin Cl. laevigata). Growth curves for this specimen are
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closer to Clo spiratissima than Cl. laevigata, hence it is named
Clymenia aff. spiratissima.

Horizon and distribution. This species is known from the ?lower
Clymenia Stufe (fide Schindewolf 1923a) of the Rheinische Schiefer-
gebirge, Oberfranken and the Carnic Alps.

? Clymenia cingulata GUmbel 1863
Plo 5.18, Fig. 1, Textfig. 5.23

* 1863 Clymenia laevigata var. cingulata GUmbel, p. 137,
pl. XVI, figs. 9a-c.

v 1923a Laevigites cingulatus Braun (MS) - Schindewolf, p. 464,
pl. XVIII, fig. 5.

Type material. No type material has been traced, but, because the
nature of the species is not in contentio~ no neotype need be
proposed.
Diagnosis. Species of ?Clymenia with strong widely spaced annular
ribs on the inner whorls.

Description. Only one specimen has been seen. This (MfN, Plo 5.
18, Figo 1), from Braunau, Wildungen, was illustrated by SChinde-
wolf (1923a, pl. XVIII, fig. 5). Coiling is evolute U/D = 0.51
at a diameter of 17mm. The whorl section is quadrate, with
flattened venter and flankS. Early whorls are smooth, the first
ribs appear at a diameter of 5mm, and thereafter there are six
per whorl. The ribs and growth-lines are weakly prorsiradiate
and concave over the flanks. Ribs continue over the ventro-
lateral shoulder onto the margin of the venter. No suture has
been observed.
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Dimensions.
D U ww WH

MfN, Pl. S.18,Fig.1 17 8.1 4.9

Discussion. Schindewolf (1923a) stated that the suture of this
species was the same as Laevigites hoevelense, and so it is
included here in Clymenia. Doubt arises, however, because no
other Clymenia has concave growth-lines, a character which
normally distinguishes Platyclymenia.

Horizon and distribution. Schindewolf (1923a) stated that this
species was collected together with Cl. laevigata at Gattendorf,
which he interpreted as indicating the lower Clymenia Stufe. It
is also known from Wildungen, Kellerwald, and the Carnic Alps.

Genus Protoxyclyrnenia Schindewolf 1923a
Textfig. 5.25

1923a Protoxyclymenia gen. nov. - Schindewolf, p. 433.
p Oxyclymenia GUmbel - Schindewolf, p. 467.

1923b
1929
1938
1965
1966
1975

Protoxyclymenia gen. nov. - Schindewolf, p. 28, 63.
Protoxyclymenia Schindewolf Lange, p. 120.
Protoxyclymenia Schindewolf - Kolotukhina, p. 683.
Protoxyclymenia Schindewolf - Sun and Shen,·p. 51.
Protoxyclymenia Schindewolf - Chlupa~, p. 95.
Protoxyclymenia Schindewolf - Petersen, p. 48.

Type species. Clymenia dunkeri Munster 1839, by original desig-
nation.
Diagnosis I Member of the Clymeniidae with weakly biconvex growth-
lines and a suture consisting of a dorsal saddle with very shallow
ventro-lateral lobes on either side, asymmetrical rounded lateral
lobe with the shallower slope dorsad, and a deep U-shaped dorsal
lobe. i

I
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Description I An assessment, and hence description, of the genus
is difficult because few well preserved specimens have been studied
or reported. Most of the specimens known to me are discussed
below under the type species Pro. dunkeri (MUnster 1839); the
only other known species is ~. serpentina (MUnster 1832), formerly
thought to be a Kosmoclymenia.

Discussion. The two species assigned to this genus have such
differing growth-lines that they could be placed in separate
genera (cf. the groups into which Kosmoclymenia is divided, below).
However, such a formal step is unnecessary in this thesis, and
they are described simply as Protoxyclymenia.

Horizon and distribution. Known from the ?annulata Zone of Ober-
franken, and the lower part of the Clymenia Stufe of Sauerland,
Oberfranken and the southern Urals.

Protoxyclymenia dunkeri (Munster 1839)
Pl. 5.28, Figs. 1,4,5, Textfig. 5.24H-K

v* 1839 Clymenia dunkeri sp. nov. - MUnster, p. 15, pl. XVI,
figs. 1a,b.

1843 Clymenia dunkeri Munster - MUnster, p. 42, pl. XVI,
figs. 1a,b (copy of MUnster 1839).

non 1902

Clymenia dunkeri Munster - GUmbel, p. 135, pl. XVI,
figs. 3a-c, non figs. 4a-c.
Clymenia dunkeri Munster - Frech, p. 29,31, textfigs.
1al_5•
Protoxyclymenia dunkeri MUnster - Schindewolf, p. 433.
Protoxyclyrnenia dunkeri MUnster - Sun and Shen,
p. 51, pl. II, fig. 5, textfig. 9.

vp 1863

?
1923a
1965

Type material. ESP AS VII 559 from Gattendorf, Oberfranken, is
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proposed as the lectotype.
Remarks. The type series consisted of the three specimens from
Schubelhammer, Heinersreuth and Gattendorf. The specimens
figured by MUnster were recorded as from Verneuil's Collection and
have not been traced. The lectotype was figured by GUmbel (1863)
as "Munster's original".
Diagnosis. Protoxyclvmenia with prorsiradiate growth-lines and
weakly developed, Slightly biconvex ribs on the body chamber.

Description. The poorly preserved nature of the lectotype and the
absence of any well preserved comparative material from the type
locality makes an accurate description difficult.

The lectotype, illustrated in Pl. 5.28, Fig. 1 and Textfig.
5.24K, attains a maximum diameter of approximately 35mm, where the
ratio U/D is 0.37. Early whorls appear circular in section and
evolute, with the whorl section becoming compressed and the flanks
flattened and parallel in the last whorl, after a diameter of
ca 17mm. The venter, appears tabulate on the body chamber.
Growth-lines are preserved only on the inner whorls up to a diameter
of ca 15mm. Here they are radial and straight and expressed as
raised lirae. There are faint indications of ribs caused by
bunching of growth-lines at a diameter of ca 12mrn. Twelve poorly
preserved faintly biconvex ribs are visible on the last quarter
whorl of the body chamber.

The suture, visible at a whorl height of 5.5mm, has been
pOlished and thus damaged, and the ventrad half has been dissolved
away. The remaining half of the lateral lobe is illustrated in
Textfig. 5.24K and really only shows that this species has a
lateral lobe.

However, a more detailed description can be provided by using
a single specimen from W~schholz (Pl. 5.28, Figs. 4,5, Textfigs.
5.24H-J) on which growth-lines and the suture are visible. The
shell form is evolute, with a compressed oval whorl section and
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a narrow tabulate venter (Textfig. 5.24J). Growth-lines are
prorsiradiate, weakly biconvex with a prominent ventlD-iateral
salient (Textfig. S.24H). Weak ribs, caused by bunching together
of 6 or 7 growth-lines, are formed at the umbilicus. Growth-
lines over the ventral band are out numbered 611 by the flank
growth-lines. The formation of a ventral sinus coincides with
the formation of the groups of bunched growth-lines. The external
suture, consisting of a shallow asymmetric lateral lobe, and a
flat ventral saddle, is illustrated in Textfig. S.24I.

Dimensions I

D U WW WH
Lectotype, PI.S.28 32 13.9 11.8
Fig.1, BSP AS VII
559.
81D 6403.2, PI.5. ca20 5.1 6.9
28, Figs.4,S.
PI.S.28, Figs.14, 23.8 9.1 7.0 8.2
15.
PI.S.28, Figs.8,9, 22.5 9 6.9 7.3
12,13.
Lange, 1929, p.120 28.0 10.5 ca8.7 10
Sun and Shen, 1965, 53.6 29.3 10.3 15.5
p.52.
Measured from 7.0 12.0
Chlupa~, 1966, fig.
31;>.

Discussion I The two specimens figured by GUmbel (1863) as Cl.
dunkeri remain in Munich. One, the lectotype, has already been
described and the other (BSP AS VII 558, Pl. 5.28, Fig. 3, figured
by GUmbel 1863, plo XVI, fig. 4), from Geuser, is proposed as the
lectotype of Cl. sedgwickii MUnster 1840, and is described below
as a Pseudoclymenia. Two further specimens from Geuser are
preserved at Cambridge and one at least (SM H10384) is a juvenile
Pseudoc1ym.enia. The other (SM HI0383), a fragment, is not ident-
ifiable. The label associated with the lectotype has the name
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Cl. semiannulata struck out by the author and replaced by dunkeri.
There are four unnumbered specimens at Marburg from Bed 15

at Kirch-Gattendorf, remaining from the "several" upon which
SchindeWOlf (1923a) based his description of the species. None
is well preserved, being only internal moulds" and the sutures are
damaged. Presumably they were used as the basis for Schindewolf's
figure (1923b, fig. 4c) when he established Protoxyclymenia.

Interpretation of the species has, until now, been based on
either MUnster's and GUmbel's figures, or Schindewolf's description.

Other authors have recognised specimens belonging to this
genus, notably those listed in the generic synonymy. Lange
(1929) figured a specimen as Pro. cf. dunkeri which he claimed
carne from the delphinus Zone at Enkeberg. This was evolute wi th
numerous weak biconvex ribs, and greatly resembled the description
of the species which Schindewolf had given. This specimen cannot
be traced, but figured in Pl. 5.36, Figs. 17,18, is a similar,
though less well preserved, specimen (MfN) labelled 'as having
been collected by Paeckelmann, in 1925, from "Bed 9" at Enkeberg,
and this, by comparison with the specimen figured in Pl. 5.36,
Figs. 14-16, Textfig. 5.30I,J, is identified as Genu karpinskii.
Also figured in Pl. 5.28, Figs. 8,9,12,13 is another specimen
from the Sauerland. This has no ribbing, only concave growth-
lines and is more likely to be a Protoxyc1ymepia. Kolotukhina
(1938, p. 683) described Pro. cf. dunkeri from the Clymenia
Stufe of Central Kazakhstan, basing her identification on Lange's
figure. Freyer (1959) listed a specimen of Pro. cf. dunkeri
from Taltitz, Vogtland (East Germany). This was not figured and
lacked a suture, but was described as having weak biconvex ribs
on the body chamber, and so may be a Genuclymenia too. Sun and
Shen (1965) figured what appears to be a large (D = 53.6mm) well
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preserved specimen which they assigned to Pro. dunkeri. Unfor-
tunately neither can I read the Chinese text nor is the illustration
well.produced, and so no further comment can be made. Certainly
the suture (figo 9) shows that the specimen belongs to this genus.

Chlupa6 (1966, p. 95, pl. IV, figs. 2,3b) figured a specimen
as Pro. sp. from Moravia, which has a very slender whorl section
and a ventra-lateral lobe as deep as the lateral lobe. Petersen
(1975, pl. 7, figs. 2,11,12) figured two small specimens from the
Piker Hills Formation, Western Australia, which he assigned to
Pro. cf. dunkeri. These, however, have very shallow lateral
lobes, especially on GSWA F8389 (fig. 2), which seems hardly
distinguishable from that shown by Petersen himself (fig. 25) for
Clymenia cf. laevigatao Therefore this report cannot be taken as
convincing evidence for the occurrence of Protoxyclymenia in
Australia.

To summarise, Protoxyclymenia dunkeri is known from few spec-
imensl Munster's original figure showed an example with concave
prorsiradiate ribs, the lectotype has weakly biconvex ribs. Lange
(1929) figured an example conforming with the lectotype and
Schindewolf (1923a) gave a description based on material from the
type locality, his Bed 15. The specimen described here from
Waschholz should serve to clear up any.doubt as to the nature of
.f.!:Q. dunkeri. It appears to resemble the poorly preserved
lectotype in shell form and ornament, and has a typical Protoxy-
clymenia suture.

Sun and Shen (1965) and Chlupa~ (1966) both described single
specimens with more greatly compressed whorl sections than others
described here. Each of the specimens listed here could represent
a different species but there is insufficient information to
develop further such a view.
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Specimens assigned to this species by Frech (1902, textfigs.
1al_5), from the Clymenia Stufe of Cabrieres, belong to Costa-
clymenia, as may also those described by Wedekind (1908), who
reported a "ventral saddle divided by a shallow lobe'~,and Gortani
(1907), who based his identification of Cl. (Cyrto.) cfr. dunkeri
on Frech's figures.

Horizon and distribution. The lectotype is from Kirch-Gattendorf,
Oberfranken, where Schindewolf (1923a) considered it to occur in
the lower Clymenia Stufe. The specimen from Waschholz was collect-
ed loose, but together with Platyclymenia, Trigonoclymenia.sp.
and Aktuboclymenia sp. suggesting an annulata Zone age. Matrix
from the Aktuboclymenia yielded styrIacus Zone conodonts (LuppOld,
pers. commv ) ,

Other reports of the genus, from the Sauerland (WI Germany),
Vogtland (E. Germany), Kazakhstan (USSR), Moravia (Czechoslovakia)
and Kweichow (s.w. China) confirm a lower Clymenia Stufe·age.
However, Lange (1929) recorded a specimen from the delphinus
Zone at Enkeberg, and Schindewolf (1952) recorded~. sp. from
a level which also yielded Platyclymenia and Trigonoclymenia at
Mauxion, Saalfeld, Thuringia (East Germany).

Protoxyclymenia serpentina (Munster 1832)
Pl. 5.26, Figs. 10,11, Textfigs. 5.24L,M, 5.25, 5.29D,E

Planulites serpentinus sp. noV. - MUnster, p. 12,
pl. III, figs. la-c.
Clymenia serpentina Munster - Munster, p. 74, pl. III,
figs. 1a-c (translation of Munster 1832).

v 1843Clymenia serpentina Mttnster - Munster, p. 8, pl. IlIa,
figs. 1a-c (copy of Munster 1832).

v* 1832

v 1832
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? 1892

? 1914

?non 1923a
1937a
1947

non
?

? 1962

? 1981

• 1981
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Clymenia serpentina MUnster - GUmbel, pl. XVII,
fig. 9 (only).
Clymenia dubia sp. nov. - Loewinson-Lessing, p. 22,
pl. II, figs. 3a-c.
Clymenia dubia Loewinson-Lessing - Perna, p. 79,
pl. III, fig. 16.
Oxyclymenia serpentina MUnster - Schindewolf, p. 475.
Oxyclymenia serpentina MUnster - Schindewolf, p. 27.
Genuclymenia dubia Loewinson-Lessing - Nalivkina, .
p. 176, pl. XLV, fig. 1.
Protoxyclymenia dubia Loewinson-Lessing - BogoSlovskiy,
pl. XXXII, fig. 4.
Protoxyclymenia dunkeri MUnster - Ruan, p. 122,
pl. 30, figs. 7,8.
Kosmoclymenia serpentina Munster - Ruan, p. 127,
pl. XXXII, figs. 17-19.

Type material. MUnster's catalogue (1833, p. 110) lists only one
specimen and this, the holotype, is recognised as BSP AS VII 538
(Pl. 5.26, Figs. 10,11) from Schubelhammer, Oberfranken.
Diagnosis. Widely umbilicate Protoxyclymenia with a body chamber
which has a compressed section, converging flanks and a,subacute
venter. The growth-lines are strongly biconvex with each salient
equally prominent and a strong midflank sinus, along which develops
a shallow depression.

Description. The holotype is evolute with a shallow umbilicus, the
umbilical width being 50% of the diameter at all stages. Early
whorls have a subcircular cross-section (Textfig. 5.29E), but by
a diameter of 50mm the flankS are converging and the whorl sectbn
compressed. The body chamber at a diameter of 90mm has an almost
triangular whorl section with a subacute venter, the apex of which
is slightly rounded and bounded by two barely visible grooves
(Pl. 5.26, Fig. 11).

Growth-lines have been eroded from all but the last half
whorl where they are biconvex with a deep rounded midflank sinus
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(Textfig. 5.29D), along which runs a shallow depression. Period-
ically growth-lines are strengthened (Fig. 10) to form faint ribs.

The suture, revealed by pOlishing at a diameter of ca 50mm
lacks the sharp pointed base to the lateral lobe. An example from
Beil is illustrated in PI. 5.28, Textfigs. 5.24L,M. This (KW 2077)
closely resembles the hOlotype. Inner whorls are smooth. Growth-
lines at a diameter of 60mm are biconvex, rursiradiate (Textfig.
5.24L) • Weak plicate ribs are visible on the internal mould of
the body chamber, and the venter (D = 67) is weakly tabulate,
bounded by two very shallow grooves, and has upon its internal
mould indications of weak U-shaped ribs. The suture (Textfig.
5.24M) consists of a shallow asymmetric lateral lobe, and a flat
ventral saddle. Another example (BM C34762, PI. 5.20, Figs. 16,
17) from Schubelharnmer, may belong to this species.

Dimensions I

HOlotype, BSP AS
VII 538, PI.5.26
Figs .10,11.

D U WW WH
97 47.8 15.5 25.5
89 41.5 18 26
67 32.5 13 18
57.5 34.3 12 14
36.5 18.1 8.5 10.3
27.5 12.5 7.3 8.1
20.0 8.5 5.0 6.5
13.8 6.0 3.8 4.8
67 14.5 1705KW 2077, PI.5.28

FigsJ.4, 15.

Discussion I The holotype is a specimen which was illustrated
well by Munster in 1832 (pl. VI. figs. la.b) being a more accurate
representation than many of his other figures. It gives evidence
of the type of elaboration MUnster's artist used, and is a help
in interpreting other figures that he drew. The ornament of the
inner whorls is all conjectural and the midflank sinus of the
growth-lines is too shallow. There is no evidence for the apertural
shape, and the cross-section at the aperture is too compressed.
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The nature of the venter is drawn well, although where shown (fig.
1b) in the apertural view, it is not actually preserved.

GUmbel (1863, pl. XVII, figs. 9a,b) also figured this specimen.
His artist again drew in the growth-lines of the inner whorls,
and completed the venter in the apertural view. The growth-line
shape was more accurately represented, though the sutures do not
possess the deeply pointed lateral lobes shown.

This species has been completely misinterpreted by all authors
this century. Wedekind (1914, p. 51) considered it to be the
mature form of Kosmo. undulata. Schindewolf (1923a, po 475)
recognised it as synonymous with~. galeata Wedekind, which has
a similar shell shape. Wedekind (1914, p. 52, plo VII, fig. 5)
illustrated the venter of galeata as being acute at a diameter of
25-30mm. This was contradicted by Schindewolf (1923a), but the
venter is definitely acute (see Wedekind's photograph) by a diameter
of 50mm, at a stage where the venter of Pro. serpentina is still
rounded. Furthermore the growth-lines of Kosmo. galeata are
not strongly biconvex and it has a pointed lateral lobe.

Kosmoo galeata may be synonymous with another MUnster species,
Cl. otto (1839, p. 31, pl. II, figs. 9a-c) from Dzikowiec. This
is shown as having an acute venter and a Kosmoclymenia type
suture. The figured specimen was seen by GUmbel (1863, p. 143)
but type material cannot now be traced, so it is better to dis-
regard the name as a nomen dubium.

Schmidt (1924) recorded~. serpentina from the Sauerland
but figured no examples and compared the ornament to his new
species Cymaclymenia striata var. serpentina, which has growth-
lines with a much stronger ventro-lateral salient than on the
holotype. It cannot therefore be certain that Schmidt was referr-
ing to the same species.

There is great similarity between EIg. serpentina and
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illustrations of Clymenia dubia by Loewinson-Lessing (1892, pl.
II, figs. 3a-e), Perna (1914, pl. III, figs. 16a,b, textfig. 82),
and BogoSlovskiy (1962, pl. XXXII, fig. 4); thus they may be
synonymous. Clymenia dubia has a suture with an asymmetric but
rounded lateral lobe, wide umbilicus (WW!D = 0.56) and a compressed
whorl section with two shallow ventro-Iateral grooves, giving a
hint of a keel. The only difference is that in Loewinson-Lessing's
figure these grooves appear at an earlier diameter than on ~.
serpentina. Cl. dubia Loewinson-Lessing is, however, an invalid
name since it had been used earlier by d'Orbigny (1850, p.58),
who considered his former Bellerophon dubia (1839, pl. 7, figs, 10,

11) to be a Clymenia. This is unlikely, but I have seen neither
figure nor description of it.

Although Protoxyclymenia serpentina has a typical Protoxy-
clymenia suture it lacks morphological similarity with Protoxy-
clymenia dunkeri. Comparison is hindered by the lack of material
and the poor preservation of the inner whorls of the holotype on
which no growth-lines are preserved.

Horizon and distributiona Earlier authors' comments have to be
disregarded because of the varied interpretation of the species.
Korn (1981a) has recently used this species to name the lowermost
zone of the Clymenia Stufe in the Sauerland. The species is

known from the lowermost Clymenia Stufe of the Sauerland and
Oberfranken (W. Germany).

Genus Kosmoclymenia Schindewolf 1949a
Textfig. 5028

p 1832 Planulites Parkinson (non Lamarck) - MUnster, p. 9.
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Clymenia Munster - MUnster, p. 71.
Endosiphonites gen. nov. - Ansted, p. 416.
Clymenia Munster - Richter, p. 30.
Clymenia Munster - Sandberger, p. 189.
Clymenia Munster - GUmbel, p. 140.
0xyclymenia gen. novo - Hyatt, p. 312 (restl Clymenia).
Clymenia Munster - Loewinson-Lessing, p. 18.
Oxyclymenia Hyatt - Gurich, p. 327.
Clymenia (Oxyclymenia) - Frech, pl. 32a (restl Clymenia).
Oxyclymenia GUmbel - Frech, p. 34, (rest. Cymaclymenia).
Clymenia (Oxyclymenia) Munster - Gortani, p. 220
(restl Cymaclymenia).
Clymenia (Oxyclymenia) - Wedekind, p. 605,621, (restl
Cymaclymenia).
0xyclymenia Guembel - Frech, p. 8 (rest. Cymaclymenia,
Ornatoclymenia) •
Oxyclymenia GUmbel - Wedekind, p. 49.
oxyclymenia GUmbel - Schindewolf, p. 467.
oxyclymenia GUmbel - Schmidt, p. 132.
Oxyclymenia Hyatt - P~neau, po 183.
0xyclymenia GUmbel - Lange, p. 121.
Kosmoclymenia nom. nov. - Schindewolf, p. 69.
Oxyclymenia GUmbel - Termier and Termier, p. 74.
Kosmoclymenia Schindewolf, p. L44.
Oxvclymenia - Lewowicki, p. 97.
Kosmoclymenia Schindewolf - Kullmann, p. 534.
Kosmoclymenia Schindewolf - Petter, p. 35.
Kosmoclymenia Schindewolf - Korn, p. 400.

Type species. Planulites undulatus MUnster 1832, by original
designation of Schindewolf 1949a, p. 69.
Diagnosis I Member of the family Clymeniidae with a suture (Text-
fig. 5.26B) consisting of a low ventral saddle, a very shallow
ventro-lateral lobe with the steeper flank on the ventrad side,
and a broad U-shaped dorsal lobe.

Description. Shell evolute to subevolute, whorl section circular
to compressed, with flanks parallel or subtriangular. The venter
may be tabulate or rounded, with or without ventro-Iateral grooves
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continuous ventrally directed flares around the ventro-Iateral
shoulder, and ventral spines. Growth-lines are generally bi-
convex on the flanks, but may also be convex with a ventral sinus.

Both ventral and dorsal wrinkle-layer are known from Kosmo-
clymenia. Dorsal wrinkle-layer is particularly well shown by
an early. (lower Clymenia Stufe) species (Kosmoo affo inaequistriaia),
an example of which is shown in Pl. 5.29, Figs. 1-3. Approxi-
mately 25% of the previous whorl is enveloped, so the wrinkle-
layer, a series of prorsiradiate anastomosing ridges, runs from
one flank, over the venter, and onto the other flank. Fragments
of similar shaped dorsal wrinkle-layer have been seen on many
other specimens e.g. Kosmo. subundulata (Pl. 5.23, Figs. 8,9),
where it can clearly be seen to covar the thin keel.

Ventral wrinkle-layer is seen much less commonly. It con-
sists of very fine unarranged bumps on the inner ventral shell
surface and is most often seen as shallow pits on internal moulds.
Examples are shown in Pl. 5.29, Fig. 10, and Pl. 5.23, Fig. 10,
which also show a low mid-ventral ridge, corresponding to a groove
on the internal shell surface.

The ontogenetic development of the suture (Textfig. 5.24C-E)
was shown by Schindewolf (1923b) to progress from an early stage
with rounded dorsal, lateral and ventral lobes. The lateral lobe
gradually becomes deeper and pointed, and the ventral lobe trans-
forms into a saddle on which secondary ventro-Iateral lobes
finally develop.

Remarks I Kosmoclymenia is the most commonly occurring clymeniid
genus. Numerous species have been described but it is difficult
to find in the literature one which has been interpreted correctly.
During the course of this study nearly all the type specimens of
species of Kosmoclymenia have been examined and the opportunity
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is taken to describe clearly all of these, and to discuss varia-
bility within the genus.

The terms weakly, moderately and strongly biconvex are
exemplified in Textfigs. 5.24H, 5.26C, 5.29K, respectively.

Four morphological groups are recognised, distinguished
primarily by their growth-line course and shape (Textfig. 5.26).
These, however, are not given distinct taxonomic status since the
stratigraphic ranges of none of the species described here are
known. In a forthcoming paper Korn and Price ~1983) will provide
stratigraphic information and formal names for newly proposed
taxa.

Species now recognised as belonging to Kosmoclymenia were
first described by Munster (1832) from Oberfranken. Later Richter
(1848) and Sandberger (1853) reported examples from Thuringia and
Dzikowiec (Poland), Petherwin (England) and Enkeberg (Rheinische
Schiefergebirge) respectively. GUmbel reviewed all of the clymeniids
in 1863 and included numerous species of Kosmoclymenia within
the single species undulata MUnster, for which he erected the
group name Oxyclymeniae, Adscendentes.

Twenty years later Hyatt (1884) formalised GUmbel's group
name as 0xyclymenia (see Opinions 1944), which had as its type
species laevigata Munster, and included the other Munster species
undulata and dunkeri. Subsequent authors incorrectly accepted
GUmbel as the author of Oxyclymenia, interpreting it like his
group 0xyclymeniae, rather than like oxyclymenia Hyatt. Thus
Frech, in reporting Kosmoclymenia from Graz (1886), Montagne
Noire (1887a, p. 372) and the Carnic Alps (1887b, p. 699) r~ferred
to Cl. (Oxyclymenia) undulata, and included the species laevigata
and dunkeri within £1. (Cyrtoclymenia) Hyatt.

Numerous authors followed a similar pattern (e.g. Wedekind
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1914; Schindewolf 1923a, 1937a; Schmidt, 1924; Lange 1929;
Nalivkina 1947 (Atlas); Termier and Termier 1950; Lewowicki
1959) until Schindewolf (1949a) pointed out that the correct
usage was Oxyclymenia Hyatt, (see Opinions 1944) with the type
species laevigata MUnster. Therefore it should be treated as a
junior objective synonym of Clymenia MUnster 1834.

Further reports of Kosmoclymenia have been made from the
southern Urals (Loewinson-Lessing 1892), Poland (Gurich 1896),
Armorica (peneau 1928), North Africa, Pyrenees (Schindewolf 1921;
Kullmann 1960) and south west China (Sun and Shen 1965).

Group I
This comprises species similar to the type species Kosmo.

undulata.

Diagnosis. Two features diagnose this group, the growth-line
course and the ventral ornament of mature specimens. Typically
the growth-lines are biconvex (Textfig. 5027B); either the two
salients are of equal size and prominence (as on undulata) or the
ventro-Iateral salient may be more sharply curved and project
further towards the aperture (subundulata). A line drawn between
the two salients is either radial or slightly prorsiradiate.
The venter always has fewer growth-lines than the flanks; it is

bounded by two lines running around the ventro-Iateral shoulders,
and between these are a series of semicircular sinuses. This is
the "Externband'~ of German authors, which has recently been shown
by Korn (1979) to be the bases of spinnaker-shaped spines project-
ing from the venter. Such a spine is illustrated in Pl. 5.21,
Figs. 3,8. The growth-line shape, and examples of Kosmo. undulata
can be seen in Pl. 5.22, Figs. 5-10 and Pl. 5.23, Figs. 1,2;
the ventral band is illustrated in Pl. 5.23, Figs. 3,9, Pl. 5029,
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Fig. 4, and various representatives of the group are shown in
Pl. 5.24 and 5.29.

Species recognised as belonging to this group arel
* undulata
s elegantula

inaeguistriata
lamellosa

? linearis
pattisoni
subundulata

sp , nov • .2

Munster 1832, p. 9, pl. II, figs. 9a-c.
Wedekind 1914, p. 52, pl. II, figs. 10a,b.
MUnster 1832, p. 10, pl. II, figs. 4a-c.
Wedekind 1914, p. 53, pl. IV, fig. 7.
Munster 1832, p. 11, pl. II, figs. 5a-c.
Selwood 1960, p. 165, pl. 27, fig. 1.
Wedekind 1914, p. 50, pl. IV, figs. 5,6.

Pl. 5.24, Figs. 5,6.

Those prefi~d by an s are considered as synonyms.

Group II
This group has a characteristic growth-line shape and venter.

Diagnosis I The growth-lines are biconvex (Textfig. 5.26D), with
the salient on the dorsad part of the flank being wider and more
prominent. A line joining the two salients can be Slightly
prorsiradiate but, more usually, is radial. Flank and ventral
growth-lines form in the ratio 111 and there is no evidence of
spines or flares projecting from the ventral surface. The nature
of the venter is clearly visible in Pl. 5.25, Fig. 16. The whorl
section is generally compressed, with flattened, converging
flanka.

The two established species, Kosmo. sublaevis and Kosmo.
wocklumeri, fall at opposite ends of the spectrum of variation
within this group. Kosmoclymenia sublaevis is close to Group I,
except that there are no ventral spines. It has slightly prorsi-
radiate biconvex growth-lines, and a venter bounded by two fine
lines (Pl. 5.20, Figs. 3,4, Pl. 5.25, Figs. 5,6) and Kosmo.
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wocklumeri has strongly rursiradiate, almost concavo-convex growth-
lines, and no ventral band (Pl. ·5.25, Figs. ,16,17). Other,
unnamed species, intermediate in morphology between these two, are
illustrated in Pl. 5.25.

Species recognised as belonging within this group area
? carinatus
? coronata

sublaevis
wocklumeri

Group III

Ansted 1838, p. 419, pl. VIII, fig. 2.
Schmidt 1924, p. 135, pl. VII, fig. 6.
Munster 1832, p. 10, pl. II, figs. 3a-b.
Wedekind 1914, p. 58, pl. VII, fig. 6.

Diagnosis a The growth-lines of this group are strongly biconvex
(Textfig. 5.29A) with a deep sinus on the flanks and over the
venter. The flank to venter growth-line ratio is 111. The whorl
section is compressed with parallel or converging flanks, and the
narrow venter is tabulate, or rounded, bounded by ventro-Iateral
grooves.

Species recognised as belonging to this groupa
bisulcata
colubrina

MUnster 1840, p. 93, pl. XVII, figs. 6a,b.
Lange 1929, p. 125, pl. 3, fig. 39.

Other species which may belong here, but which are poorly known
area

galeata
otto

Group IV

wedekind 1914, p. 52, pl. VII, fig. 7.
Munster 1839, p. 31, pl. II, figs. 9a-c.

Diagnosis a The growth-lines of this group are only weakly bi-
convex (Textfig. 5.29F), becoming almost conCave in some species
with the dorsad salient barely developed. A line drawn between



the two salients is strongly prorsiradiate, and the ventra-lateral
salient runs strongly forwards. There is a deep sinus over the
venter and the ratio of flank to ventral growth-lines varies
between 1 and 411. Continuous flares (Pl. 5.21, Figs. 1,2), or
short blunt spines (Pl. 5.21, Figs. 4,5,7), or no spines (Pl. 5.27
Figs. 1,2) are formed on a tabulate venter, which is commonly
bounded by ventra-lateral grooves.

Only two species in this group have names, and they have lain
unused since their establishment, over 140 years ago.

semistriata MUnster 1839, p. 11.
similis MUnster 1839, p. 11.

Specimens now recognised as belonging to this group have
formerly been referred to as bisulcata Munster, e.g. Schindewolf
1923a, Selwood 1960.

Group uncertain.
There are several available species names which have not been

allotted to any of the above groupsl
Richter 1848, p. 31, pl. III, fig. 89, pl. IV,
figs. 91-3, Bohlen, Thuringia.
Wedekind 1914, p. 53, pl. 4, fig. 7, Havel,
Sauerland.
Munster 1832, p. 6, pl. 1, figs. 2a-d, Geigen,
Oberfranken.
Munster,1832, p. 12, pl. II, figs. 7a-c,
Elbersreuth, Oberfranken.
MUnster 1832, ·P. 11.
Sun and Shen 1965, p. 56, pl. II, fig. 1, 14,
Kweichow , s.w. China.

tenuistriata MUnster 1839, p. 11, Heinersreuth/Schubelhammer,

cristata -

lamellosa

pygmea

parvula

sublinearis
tabulata

Oberfranken.

Original descriptions of most of these species were sketchy and no
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definitive material has been found.

cristatal Richter (1848) figured a complete, but distorted
example of this species (pl. III, fig. 89,90) and two fragments
(figs. 91-3). These are not necessarily conspecific, but the type
material, now housed at Bernau (DDR) (information from D. Weyer,
Magdeburg) has not been examined. The whole specimen (figs. 89,
90) is proposed as the lectotype. This is Clearly a Kosmoclymenia
and has compressed converging flanks with a tabulate venter bound
by two ventra-lateral grooves. The growth-line shape is not
visible on the figure but Richter's description best fits those of
Group IV. The tabulate venter alone is sufficient to show that
this species is not synonymous with Kosmo. bisulcata MUnster,
which was suggested by Schmidt (1923).

lamellosal Wedekind (1914) diagnosed this species by its lamellose
growth-lines which were'~traight, almost concave on the flanks,
with a strong ventra-lateral salient·~. This may place this species
in Group IV, but the sculpture is not clearly visible on Wedekind's
figure (pl. 4, fig. 7) of the small specimen proposed here as the
lectotype. The specimen has not been seen. Wedekind collected
the specimen from the same level as Prog. aegoceras, and compared
it with specimens collected from a similar level in the Carnic
Alps.

pygmeaa This small species has been regarded as a Kosmoclyrnenia
(Schindewolf 1923a, GUmbel 1863). Planulites pygmeus, as described
by Munster (1832) from two specimens 18 and 5mm in diameter, was
small, evolute with a compressed whorl section and 30 raised
growth lirae in the whorl prior to a diameter of 16mm. There were
acknowledged similarities to Cl. laevigata, and the suture Munster
figured (pIa II, figs. 6) consisted of a broad lateral lobes and



a low ventral saddle, which is closer to Clymenia than Kosmoclymenia.
Later MUnster (1839, p. 7) reported a newly found specimen "twice
as large as the illustrated specimen" and it may have been this
that GUmbel figured (1863, p. 141, pl. XVII, figs. 7a-d) as
"Munster's original". This (BSP) is clearly a Kosmoclymenia.

The MUnster Collection at Cambridge contains two speciesa
one (SM H7340) is a juvenile Kosmoclymenia and the other (SM H7337-9)
is a small evolute species of Clymenia with slowly increasing
whorls. Munster's type series may also have contained these two
forms. I have never clearly seen growth-lines on this species
of Clymenia, which points to Munster's original description being
of a juvenile Kosmoclymenia, but the suture he figured contradicts
this.

In the absence of a clear original description, or specimens
which can be unambiguouSly identified as from the type series
this species is regarded as a nomen dubium.

parvulaa This species, unmentioned by GUmbel (1863), was illustrated
by Munster, but the specimen figured is too small to be identified.
Munster's description lacked comments on the suture, growth-lines
were convex, rursiradiate, ana there were irregular ribs which
formed an acute sinus over the venter. MUnster (1843) revised
his interpretation of this species, and recognised that it was
a gastropod. Three small specimens from Cambridge (SM HI0403-5)
labelled as parvula can only be determined as Kosmoclymenia.
Therefore this species is regarded as a nomen dubium.

sublinearisl This species was described by Munster (1832, p. 11)
as '~transitional between~. sublaevis, linearis and inaeguistria-
tus'~, and diagnosed by its smooth shell, fine wavy growth-lines,
and absence of ribs. Such a description is highly ambiguous, and
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since no material can be traced, nor is there any trace of type
material, the species is regarded as a nomen dubiurn.

tabulata a This species, of which only the poorly preserved holo-
type is known, was diagnosed by its tabulate venter, oval whorl
cross-section and concave growth-lines. The details of the
Chinese description are illegible, to me, but the species probably
belongs to Group I.

tenuistriataa This species was not figured by MUnster but described
simply as "similar in shape to undulata, more involute, remains
small, and has growth-lines visible only with a lens". GUmbel
(1863, pl. XVII, figs. 8a-d) figured a small specimen as "MUnster's
original" and this can be interpreted only as Kosmoclymenia juvo
and is regarded as a nomen dubiurn.

Kosmoclymenia Group I

Kosmoclymenia undulata (MUnster 1832)
Pl. 5.21, Figs. 3,8, Pl. 5.22, Figs. 5,6,7,8,9,

Textfigs. 5.27A-D, 5.28

nom. nUde 1831
1832

Planulites undulatus sp. nov. - Munster, p. 182.
Planulites undulatus sp. nov. - Munster, p. 9,
pl. II, figs. 2a-c.

1834 Clymenia undulata MUnster - MUnster, p. 71,
pl. II, figs. 1a-c (copy of Munster 1832).

1843 Clvmenia undulata MUnster - MUnster, p. 5,
pl. IIa, figs. 2a-c, (copy of Munster 1832).

pvnon 1863

Clymenia undulata MUnster - Sandberger, p. 189,
pl. VIII, figs. 1a,b.
Clymenia undulata ¥Unster - GUmbel, p. 140,
pl. XVII, figs. 1-9, pl. XVIII, fig. 12.

non 1853



Clymenia undulata MUnster - Tietze, p. 133,
pl. XVI, fig. 9.
Clvmenia undulata MUnster - Roemer, pl. 36,
figs. 1a,b, 2a-c, (same specimens as figured by
Tietze and Sandberger respectively).
Clymenia undulata MUnster - Foord and Crick,
p. 23, fig. 4. (This work contains an extensive
list of all previously published uses of the
specific name undulata, and all species then con-
sidered to be synonymous with it. None of the
references can be taken at face value; most were
poorly illustrated or not illustrated at all, so
that no useful opinion of them can be formed
today. )
Clymenia (Oxyclymenia) undulata MUnster - Frech,
pl. 32a, figs. la-c.
Clymenia (Oxyclymenia) undulata Munster - Gortani,
p. 220, pl. II(VII), figs. 6,7.

1914 Oxyclymenia undulata Munster - Wedekind, p. 50,

non 1871

non 1876

non 1897

non 1897

1907

vp
p

pl. 4, figs. Sa,b, 6a-c.
1923a 0xyclymenia undulata Munster - Schindewolf, p. 468.
1924 0xyclymenia undulata Munster - Schindewolf, p. 133,

textfig. Sa (non 5b).
Oxyclymenia undulata (MUnster) - Schindewolf, p.27.
Oxyclymenia undulata (MUnster) - Termier and
Termier, p. 74, pl. CLIX, figs. 36,a, pl. CLV!!,
fig. 34.
0xyclymenia SPa - Glenister, pl. 5, fig. 11.
Kosmoclymenia undulata (Munster) - Schindewolf,
p. L44, fig. 41.8.
oxyclymenia undulata (Munster) - Lewowicki,
p. 97, pl. 1, figs. 6,10,11 (not seen).
Kosmoclymenia undulata (MUnster) - Freyer, pl. Xb,
fig. 3.
Kosmoclymenia undulata (MUnster) - Kullmann, p.
534, pl. 8, figs. 6, ?fig. 7.
Kosmoclymenia undulata (MUnster) - Sun and Shen
p. 53, pl. II, ?fig. 7, fig. 8, non fig. 9.

1979 Kosmoclymenia undulata (Munster) - Korn, p. 400,

? 1937a
1950non

? 1956
non 1957

1959

1957

p. 1960

?p. 1965

figs. 1,2.
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Type material. A neotype, SMF, from Bed 23, Reigern Quarry,
Sauerland, will be proposed. No certain syntype material has
been identified.
Remarks. The type series consisted of four specimens, one of which
was sectioned (MUnster 1833). Six MUnster specimens designated
as Cl. undulata, with their original labels still attached, were
available for study. None conforms with Munster's original
illustration and description. Since it is important that this,
the type species, be Clearly defined a neotype will be proposed,
and this conforms more with accepted usage of the species name
than the original description. An ideal solution would be to use
as the neotype a specimen from Schubelhammer, Oberfranken, which
resembles MUnster's figure, but no such specimen has been found.
Diagnosis. Evolute Kosmoclymenia which has an umbilical width
ranging from 45-55% of the diameter (Textfig. 5.28A). The whorl
'section is circular up to a diameter of 20mm, thereafter becoming
compressed with a clearly defined umbilical wall and latero-
umbilical shoulder, flattened, Slightly converging flanks and, by
a diameter of 70mm, a tabulate venter. Growth-'lines are radial,
biconvex, with a shallow broad sinus between the two equally
prominent salients, which are centred near to the shoulders of the
flanks at diameters greater than 40mm. The ratio of flank to
ventral growth-lines is ca 20.1. Small isolated spinnaker-shaped
spines are formed on the venter.

Description. The description is based on four specimens (HU P82.7,
9, 11, SMF). Only the neotype (SMF) was collected in situ, from
Bed 23, Reigern Quarry, Hachen, Sauerland. The others were coll-
ected loose, but are probably from Bed 33, at Reigern (see Chapter
7) •

The shell coiling is serpenticonic and evolute, with the ratio

U/D increasing in early whorls, and then reducing from 0.6 at a
diameter of 10mm, to 0.5 at a diameter of 40mm (Textfigs. 5.27A,
5.28a). Whorl shape in early whorls is circular, becoming com-
pressed at diameters between 40 and 50mm. A distinct steep
umbilical wall, subparallel flankS, and a tabulate venter bounded
by shallow grooves, are all developed by a diameter of ca 70mm.
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Growth-lines are described from the neotype. Early whorls,
up to a diameter of ca l5mm, have a smooth shell; then up to a
diameter of ca 20mm there are thin, lirate straight, radial growth-
lines, with a spacing of 0.5mm, which amounts to ten times their
width. After a diameter of 20mm the growth-lines are more closely
spaced, and assume a weakly biconvex course (Textfig. 5.27E), with
a ventral sinus.

None of the four specimens has exactly similar growth-lines
and the fallowing comparisons were made at a radius of 25-30mm.
This variation is not a function of the growth-stage achieved on
any particular specimen, since the differences in ornament are
persistent throughout growth. Growth-line counts were made over a
distance of 10mm, near the ventra-lateral shoulder. There is in-
sufficient material to determine whether this variation has any
stratigraphic significance, and it is treated as intraspecific
variation.

Growth-lines on the neotype have a frequency of 3.2 per mm
and are bunched into groups of 6. The bunches form very low ribs
2mm wide, separated by two, more widely spaced, growth-lines.
Faint ribs, numbering 5 per centimetre, are also present on the
internal mould, especially over the ventra-lateral shoulder.

The strongest ribs are visible on the specimen (HU P82.9)
from which the ventral spines are described below (Pl. 5.21,
Figs. 3,8). Growth-lines have a frequency of ca g per mm, bunched
into groups of 10-12. There are eight low ribs per centimetre.

The specimen illustrated in Pl. 5.22, Figs. 6,7, has no ribs,
and the growth-line frequency is 7 per mm. Lastly the specimen
in Pl. 5.22, Fig. 5, has a similar growth-line spacing, but with
weak ribs developed on the inner whorls only.

The striking feature of this genus, the spinnaker-shaped ventral



spines, was first described only recently by Korn (1979). A
single spine is illustrated in Pl. 5.21, Figs. 3,B. It is pre-
served on this specimen (HU PB2.9) from Reigern at a whorl height
of 24mm and a whorl width of 22mm. The spine is triangular in
side view, with a height of l5mm, and a maximum length of lOmm.
There are four or five weak ribs running parallel with the leading
(apertural) edge. The shape of the apicad edge changes at a
distance of 5mm away from the venter, below this point the spine
seems to have curved round along the semicircular lines of the
ventral band to join a similar spine on the other flank (Pl. 5.21,
Fig. 6). Above this level .the spines may have been separated.

The specimen which Korn figured (1979, figs. 1a,b, 2a) has
spines with an asy.mmetrical lateral profile, and an apicad side
with a constant slope, interpreted as showing that the spine ran
continuously from one side of the venter to the other.

Only one highly weathered specimen (BM CB3295), from the
various MUnster Collections, has been ~dentified as belonging to
this species. It is poorly preserved (Pl. 5~22, Figs. B,9) but
is identified by its whorl section. The inner whorls are circular
and at the ~aximum diameter preserved are compressed with a dis-
tinct steep umbilical wall, angular ventro-umbilical shoulder and
tabulate venter showing the remnants of a ventral band. This
specimen was labelled as £1. laevigata and thus cannot be considered
to be from the type series. It is too poorly preserved to
warrant use as the neotype.

Dimensions I

D U WW WH

Neotype, SMF 75 37.4 19.2 21.7
Pl. 5.22,Figs.6,7, 54.5 27.0 13.1 15.2
(all measurements 40.0 19.B 10.2 11.5
exclude the shell "'27.B 14.6 7.4 B.l
thiCkness) 19.9 1009 5.4 5.4



Munster 1832, pl.
II, figs. 2a,b

Wedekind 1914,
p. 51.

Schindewolf 1923a,
p. 470
BM C83295, PI. 5.22
Figs. 8,9.
HU P82.7, Pl. 5.22,
Fig •.10.
HU P82.11, Pl. 5.22
Figs. 5,6.

D

15.1
11.2
8.4
6.3
4.91
3.4

59
50
43
87
69
27
43

80

44.8

54.3
36.9
26.8
14.2
7.85

u

8.5
6.36
4.70
3.7
2.36
1.64

23
19.5
17.5
44
32
12
18

21.2

26.7
18.9
14
7.7
4.16

3.7
2.90
2.14
1.5
1.44
1.04

12.5

20
16
8.9

12.5

20

13.0

14
10.3
7.1
3.83
2.04
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WH
3.9
2.72
1.84
1.60
1.31
1.12

21
19.5
16.5
26
21
9

13.5

28

14.6

16.4
9.2
7.8
3.6
2.11

Discussions I The reasons why Munster's definition of the species
has been disregarded need a full eXPlanation. Failure to define
Kosmo. undulata would mean that the type species would be a nomen
dubium, and thus the genus Kosmoclymenia would fall. This would
be very unsatisfactory from the point of view of stability of

nomenclature.
Munster's earliest usage of the name (1831) lacked a descript-

ion. This was remedied in the fOllowing year (1832) when a figure
and description were published. The figure (pl. II, figs. la-c)
shows an evolute Kosmoclymenia with the ratio U/D being 0.40 at a
diameter of·60mm. Growth-lines are shown as concavo-convex on
the last whorl, with a ventral band. The description (p. 9)
states that "the maximum diameter is 1-2 inches" (contra figs. 1a,b).
"The growth-lines are wavy with a spacing equal to their width,
and over the venter have a semicircular course, where they are
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more widely spaced than on the flank, and bounded by two lines'~.
MUnster states that the figure correctly shows the proportions of
whorl height and width. His catalogue (Munster 1833) recorded
four specimens, one of which had been sectioned. This last
specimen (BSP AS VII 539, Pl. 5.30, Fig. 12) is probably the same
as that figured by GUmbel (1863, pl. XVII, fig. 19), but this can
only be identified as a clymeniid.

GUmbel (1863) figured MUnster's "original" specimen (pl. XVII,
figs. la,b,d) but this does not resemble the original figure.
It has biconvex, rursiradiate growth-lines which would now cause
it to be included in Group II. The well drawn growth-lines
(fig. Id) clearly show the absence of a ventral band. The specimen
cannot be traced in Munich.

There are four specimens (SM H10388-91) at Cambridge labelled
as Cl. undulata. Three of these are figured herea HI0388 (Pl.
5.27, Fig. 18, Textfigs. 5.29H,I) has concave prorsiradiate growth-
lines, a tabulate venter and vestiges of spine bases and would be
included in Group I; H10389 (Pl. 5.23, Figs. 5-9) is a small
specimen which has weakly biconvex growth-lines, a ventral band
and would be placed in Group II HI0390 (Pl. 5.28, Figs. 8,9,11,

Textfigs. 5.27B,C) has concave radial growth-lines, a ventral band
and would be included in Group II and lastly HI0391 is a pOlished
fragment showing an oval whorl section and Kosmoclymenia suture.
None of these resembles Munster's figure. There are other examples
of Kosmoclymenia at Cambridge but these have been given other
specific names, e.g. inaeguistriata, parvula and serpentina.

In the Munster Collection at the British Museum (NH) there
-are only two specimens labelled as £1. undulataa one, BM 81827

is a weathered internal mould, and the other, BM 81852, is a
juvenile specimen reaching only lBmm in diameter.



No specimens were encountered in the MUnster Collection at
Berlin which resemble Munster's figure, or which were labelled as
Cl. undulata.

The sectioned specimen from Munich, figured by GUmbel (1863)
has been mentioned above, and Korn (1979) stated that BSP AS VII
539 was figured by Munster (1832, pl. 11, fig. 6). This is a
weathered internal mould and of little use in defining the species.

To illustrate Cl. undulata Roemer (1876, pl. 36, figs. la,b)
chose a specimen from Dzikowiec, Poland, rather than copying
GUmbel'S (1863) figures, as he did for Cl. angustiseptata, striata
etc. At a diameter of 75mm this large well preserved specimen
has a subcircular whorl section, an umbilical width amounting to
50% of the diameter, a ventral band with a high flank to venter
growth-line ratio, weakly biconvex growth-lines and closely spaced
ribs. An example like this from Braunau; Kellerwald, is illustrated
in Pl. 5.30, Figs. 14,15 as Kosmo. aff. undulata.

The next author to figure Cl. undulata was Frech (1897, 1902).
His description was, however, brief and restricted to illustrations
of two specimensJ one a fragment (1897, pl. 32a, figs. la,b)
showing biconvex growth-lines, and another (fig. lc) showing a
constriction on the body chamber on a small specimen from Schubel-
hammer.

Wedekind (1914) retracted the brief description of the species
he had given in 1908, and figured (pl. 4, figs. 5,6) poorly pre-
served specimens from Dasberg and Dzikowiec. He claimed that his
examples fully resembled MUnster's, and had a circular whorl section
up to a diameter of 40mm, 'and a compressed whorl section there-
after. The growth-line course showed a weak ventro-lateral salient.
By contrast his new species ~. subundulata had growth-lines
with a strong ventro-Iateral salient and an oval whorl section
(but see description below).



Schindewolf (1937a) recognised Kosmo. undulata from only the
lower Wocklumeria Stufe at Oberr8dinghausen. Later (1949a) he
realised that Oxyclymenia Hyatt, with Plan. laevigatus Munster as
its type species, could not be included within this large group of
clymeniids with pointed lateral lobes. He erected Kosmoclymenia
to contain them, with Pl. undulatus MUnster as its type species.

A number of similar nomenclatorial revisions came out of
Schindewolf's work on the clymeniid part of the Treatise, published
in 1957. This contained several new illustrations of Famennian
ammonoids, amongst which was Kosmo. undulata (p. L44, fig. 41.8).
The specimen (MfN c597) upon which this drawing was based is illus-
trated in Pl. 5.24, Figs. 14,15, Textfig. 5.27H,I. For some
reason, which was never explained, Schindewolf revised his con-
ception of Pl. undulatus MUnste~, perhaps because of a re-examina-
tion of the original figure, or specimens, an approach which was
also adopted in his other post - War paper on Famennian ammonoids
(Schindewolf 1952).

It would be easy to accept this specimen from Ense as a neo-
type for Pl. undulatus if the growth-lines resembled those in
MUnster's figure. They do not. These and the shell form con-
form with Wedekind's description of Kosmo. subundulata, the type
specimen of which also came from Ense.

There seems little reason for upsetting established practice
(admittedly only four papers, Schindewolf 1923a, Schmidt 1924,
Schindewolf 1937a, Korn 1979) and accepting Schindewolf's rein-
terpretation of the species. He gave no formal redescription,
the specimen is not from the type locality, nor does it fully
resemble the original figure. A neotype has been chosen to
stabilise nomenclature, and legalise the accepted practice of 65
years standing.

Sun and Shen (1965) figured a number of specimens which they



referred to Kosmo. undulata. Of these IV 4071 (pl. II, fig. 7,
textfig. 10) has the correct whorl cross-sectional shape, but IV
4073 (pl. II, figs. 9a,b) has growth-lines which continue unin-
terrupted over the venter, and it would therefore be placed in
Group II.

Horizon and distribution. Matrix from the neotype was found to
contain conodonts of the costatus Zone. The species is known from
Devon (England), Sauerland, Kellerwald, Oberfranken (W. Germany)
and Kweichow (s.w. China).

Kosmoclymenia subundulata (Wedekind 1914)
Pl. 5.21, Fig.' 6; 5.23, Figs. 5-9; 5.24, Figs. 12, 13, 16-18;

5.27, Fig. 18; 5.28, Figs. 2,3,6,7,10,11, Textfigs. 5.27B,C,H,IJ5.2S

* 1914

?v 1923a

1924

? 1929

(V 1947

1957

?p 1960

? 1960

Oxyclymenia subundulata sp. nov. - Wedekind, p. 51,
pl. 4, fig. 4.
Oxyclymenia subundulata Wedekind - Schindewolf, p. 471,
plo XVIII, figs. 8,9.
Oxyclymenia undulata var. subundulata Wedekind - Schmidt,
p. 134, fig. Se.
Oxyclymenia sedgwicki MUnster - Lange, p. 121, pl. 3,
figs. 37,a.
Oxyclymenia supundulata Wedekind - NaliVkina, p. 180,
pl. XLV, fig. 10, fig. 51.
Kosmoclymenia undulata MUnster - Schindewolf, p. 144,
fig. 41,8.
Kosmoclymenia sedgwickii MUnster - Petter, p. 36, pl. VI,
figs. I,a, a,a, 6,a, 10,a,b, pl. VII, figs. 1,a,b, 5,a,
10J fig. 4F.
Kosmoclyrnenia sedgwickii MUnster - Kullmann, p. 535,
pl. 8, figs. 4,5.

Type material. The specimen figured by Wedekind {I914, pl. 4,
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fig. 4) from Ense, Kellerwald, is proposed as the lectotype.
Diagnosis. Kosmoclvmenia with an oval whorl section, a poorly
developed umbilical wall, and a ventral band.

Description. The lectotype is poorly preserved, the last whorl
being almost devoid of shell, and polished to show the sutures.
A second specimen from the type locality (Pl. 5.24, Figs. 14,15) is
available, and two specimens from Schubelhammer (Pl. 5.27, Fig. 18;

Pl. 5.28, Figs. 2,10,11) and one from Hovel (Pl. 5.28, Figs. 3,6,7).

The lectotype is evolute, with a ratio U/D of 0.48 at the
maximum diameter of 57.5mm. Wedekind (1914, pl. 4, fig. 4c)
showed a whorl section (the inner part of which must be conjectural
since the specimen is unbroken) which at the maximum diameter had
flattened, weakly converging flanks, a shallow umbilical wall and
a flattened venter. The ratio WW/WH is 0.64. Faint growth-
lines are preserved at a diameter of ca 35mm, where they are bicon-
vex with the ventrad sinus occupying most of the flank and the
ventro-lateral salient being the most prominent. The suture is
of the normal Kosmoclymenia type.

The specimen from Ense (MfN c597, Pl. 5.24, Figs. 14;15, Text-
fig. 5.27H,I), figured by Schindewolf as Kosmo. undulata (1957,
fig. 41.8) is better preserved than the lectotype. The whorl
section is similar to the lectotype, but the whorl width is greater,
the flanks less flattened, and the venter more tabulate. Growth-
lines are weakly biconvex but their course changes at a diameter
of ca 25mm (Textfig. 5.27H,I). Prior to this point the ..umbilical
wall is only weakly developed and the growth-lines are prorsiradiate
with a broad sinus occupying most of the flank and a narrow,
prominent ventro-lateral salient. Half a whorl later, at a dia-
meter of ca 35mm, the umbilical wall is steeper and more clearly
defined and the salient situated on the dorsad part of the flank
has expanded at the expense of the flank sinus. Here the growth-
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lines are less prorsiradiate, and the ventro-lateral salient less
prominent. The ratio of growth-lines on flank and venter is
approximately 4a1, and the flank growth-lines are widely spaced,
numbering 2.5 per mm at a diameter of ca 30mm. Faint plicate ribs

are visible on the internal mould of the body chamber.
Two specimens from Kirch-Gattendorf, figuredand described as

Kosmo. subundulata by Schindewolf (1923a) are referred to Kosmo.
inaeguistriata (see below).

Two specimens from the various MUnster Collections have been
identified as Kosmo. subundulata (SM H10389 and H10390). The
larger of these two (Hl0390, Pl. 5.28, Figs. 8,9,11) has inner
whorls and shell material which have been lost by stylolitisation
but a section through the outer whorls is shown in Textfig, 5.27C.
Early whorls have a rounded whorl section and an umbilical width
amounting to 50% of the diameter. By a diameter of 20mm the
umbilical width has reduced to 40% of the diameter and the whorl
section has become oval, with a ratio WW/WH of 0.8. The venter is
tabulate after a diameter of approximately 30mm. Growth-lines
(Textfigs. 5.27B,C) are radial, weakly biconvex but a broad
shallow sinus occupies most of the flanks. A ventral band is

present (Pl. 5.28, Fig. 11) where there are paired semicircular
sinuses. The flank to venter growth-line ratio is 2al at a
diameter of 30mm. The suture has not been observed, and there is
no ribbing or secondary ornament.

The other specimen of Kosmo. subundulata (SM Hl0389, Pl. 5.23,
Figs. 5-9) is remarkably well preserved, showing growth-lines,
ventral band and wrinkle-layer structures. The shell was at some
point subject to damage, and subsequently repaired. It still
retains the fine detail and relief of the growth-lines.

The whorl section is circular in inner whorls, but by a
diameter of 25mm has become compressed. This and the growth-line



shape confer the specific diagnosis. The growth lirae are weakly
biconvex and prorsiradiate, numbering 4 per mm on the ventro-Iateral
shoulder at a diameter of 30mm. The Iirae visible on the photo-
graphs (Pl. 5.23) are not in fact the growth-lines. These are
clearly visible only with a microscope (but see Fig. 8) and are
very fine striations, numbering four or five, running between the
lirae. Obviously What are referred to elsewhere in this chapter
as growth-lines may, on this evidence, in fact be the second order
structures, lirae. There is a series of single semicircular growth-
lines comprising the ventral band, numbering 28 in the half whorl
prior to a diameter of 30mm. The flank to venter growth-line ratio
is 411. A Kosmoclymenia suture is visible on the inner whorls
(Fig. 5).

The dorsal wrinkle-layer is visible in Fig. 9, formed as the
dorsal external surface of one whorl enveloped the ventral surface
of the previous whorl. The wrinkle-layer consists of a series of
anastomosing ridges running transversly across the venter. These
are bounded on the flank by the'umbilical seam, the trace of which
can be seen in Fig. 8. Running along the midline of the venter
is a thin string-like keel, approximately O.5mm in diameter, which
the wrinkle-layer covers (Fig. 9).

The specimen suffered at least four interruptions to its
continual growth, indicated by the lack of parallelism in some
adjacent growth-lines (Fig. 7). The major discontinuity occurred
three-quarters of a whorl before the present aperture, where there
was an oblique fracture of the shell (Figs. 5,8,9). The damage
appears to have been rapidly repaired, shown by the irregularly
and widely spaced growth-lines. Where the new shell is joined
to the old it overlaps and appears to be cemented to the internal
side, possibly caused by a retraction of the mantle edge. Normal
ventral ornament was not formed during the period of repair, there
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being no ventral band and growth lirae running continuously from
the flanks over the venter. The wrinkle-layer keel runs undisturbed
over this region, showing that it was formed after the rupturing
of the shell.

A small specimen (KW 2070), collected from "loW'~in the
Clymenia Stufe at H8vel, has a flanklventer growth-lirae ratio
of only 211 (Pl. 5.28, Figs. 3,6,7). One specimen from Schubel-
hammer in the MUnster Collection at Berlin, referred to Kosmo.
semi striata, shows particularly well the spine bases on the venter
(Pl. 5.21, Fig. 6). These are paired ventral growth-line sinuses
which are preserved as lunate ridges, the spines having broken off.
Between them are very fine growth-lines of similar shape, and ridges

(Figo 6) running from the spine base then converging on and running
parallel to the midline of the venter. ,The growth-lines on the
flanks coinciding with the spine bases are more widely spaced, and
there are plicate ribs on the internal mould of body chamber.
Strong ventro-lateral grooves are not developed in this specimen
(Pl. 5.27, Figs. 10-12), but the growth-lines do show the strong
salient at the margins of the tabulate venter, and are concave
rather than biconvex, over the flankS.

Dimensions I

D U WW WH
GPI, PI.5.24,Fig.16. 57.5 22.5 14 22
MfN, c597, PI.5.24 51.2 20.0 13 18.1
figs. 14,15. 35.8 14.4 ca10.5 12.5

10.3 8.1 10.7
SM HI0388 32 13.4 7.4 10.9
SM H10389 31.4 13.3 8.7 10.4

23.7 9.6 7.4 7.2
SM H10390 42.5 17 ca10.3 14.7

29.5 11.5 8.8 10.4
20.3 8.4 6.1 7.4

MfN, PI.5.27,Figs. 24 11 7.5 8.5
10-12.

A

15.6
21.2
17.3

12.8
9.2
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Discussion a The lectotype of this specimen is so poorly preserved
that there is an argument for declaring Kosmo. subundulata to be
a nomen dubium. However, since this is one of the few species for
whiCh a type specimen can be identified with any certainty the
name is retained.

Schindewolf (1923a) was the first author to discuss this species
at length. However, two specimens collected by him from Bed 18
(upper Clymenia Stufe), Kirch-Gattendorf, are described below as
Kosmo. inaeguistriata. He identified (1937a) further examples
from the lower Clymenia Stufe, and the lower Wocklumeria Stufe.
Also described above was the specimen which he figured in the
Treatise (1957, textfig. L 41.8) as Kosmo. undulata. The reason
for including it here has already been discussed (see Kosmo.
undulata, above).

Three species were included in synonymy with Kosmo. subundulata
by Schindewolf (1923a)a Cl. sedgwicki (sic) MUnster, ~~-
undulata var. elegantula Wedekind and~. lamellosa Wedekind.
No explanation was given for the inclusion of Cl. sedgwicki, in
spite of the fact that MUnster's figured specimen was present in
the Munich Collections (BSP AS VII 558). It is recognised to be
a goniatite, Pseudoclymenia.

Lange (1929) and all subsequent authors have used sedgwickii
as the valid name for the species, it being the apparent senior
synonym. Lange based his description of the species on over 100
examples, but figured only one (1929, pl. 3, figs. 37,a). This
large, well preserved specimen shows ribs on the body chamber,
just as the specimen in Pl. 5.24, Figs. 17,18 does, and is prob-
ably referable to Kosmo. inaequistriata, also.

Lange also figured a single specimen from Beil as cf. ~.
sedgwickii (pl. 3, figs. 38,a) which he had collected from the
annulata Zone. He identified the specimen (MfN, Pl. 5.36, Figs. 3,4)
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so because it had biconvex growth-lines, faintly ribbed inner whorls,
and a ventral band. Slight differences between its ventral band
and that of ~. sedgwickii caused Lange to separate this specimen
from the others. The suture was not described, and is not visible

now. Lange used this specimen to suggest that Oxyclymenia was
already present in the annulag Zone. Lange argued that ~-
clymenia could not have had Clymenia as its antecedent since its

first occurrence preceded that of Clymenia; nor Platyclymenia, since
they were present side by side. The first conclusion can be
readily understood, the second less so. Lack of knowledge of the
suture makes any identification of this specimen questionable, but
it is probably a Platyclymenia.

Returning to the two other species, elegantula and lamellosa,
which Schindewolf included in synonymy with~. subundulata, it
is difficult either to agree or disagree with Schindewolf because
the type specimens are small.

Oxyclymenia subundulata var. elegantula Wedekind (1914, p. 52,
pl. 2, figs. lOa,b, proposed as the lectotype) was distinguished
by its tabulate venter. Wedekind considered that subundulata had
a rounded venter (see pl. IV, fig. 4c), this opinion is impossible
to justify because Wedekind did not section the lectotype of sub-
yndulata, and it has weathered outer whorls, thus obscuring the
true nature of its venter. Growth-lines on the lectotype of
elegantula at a diameter of 34mm are biconvex, slightly prorsiradiate,
bunched into groups of 4 or 5 and widely spaced, numbering 1.8
per mm. Wedekind cOllected the specimen from the lower Clymenia
Stufe at H8vel and it appears to resemble closely the large specim~n
from the same locality figured by Lange (see above).

Schmidt (1924, pl. 7, figs. 7,a) figured a specimen which he
interpreted as ~. undulata var. elegantula. It too has a
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tabulate venter but bears little other similarity to the lectotype
of elegantula. The whorl section is far broader than in Wedekind's
figure (although Wedekind did not section the specimen from which
he drew his cross-section). The growth-lines (Pl. 5.24, Figs. 7,8)
are biconvex and bunch to form ribs, and at a diameter of ca 40mm
number 7 per mm. This specimen is compared with Kosmo. inaeguistr-
ata below.

Oxyclymenia lamellosa Wedekind 1914 is impossible to define.
The small specimen figured by Wedekind is believed to be lost.
The species was discussed above in the introduction to this genus,
where it was considered as a nomen dubium.

Both Nalivkina (1947) and Kullmann (1960) assigned specimens
to this species solely on the basis of shell form.
they illustrated are all poorly preserved.

Petter (1960) illustrated 'a number of specimens which she
assigned-to Kosmo. sedgwickii. Three of these at least (pl. VII,
figs. 1a,b; 5,a; 10) are juveniles and cannot be identified
specifically. The others (pl. VI, figs. l,a; 3,a; 6,aJ 10,a,b),

The examples

with closely spaced bunched growth-lines, low ribs, and a tabulate
venter,' are closest to Koamo. elegantula sensu Schmidt.

Kosmo. subundulata', the earliest known example of the genus,
has been considered as the ancestral species.

Horizon and distribution. The species is known with certainty only
from the Sauerland, Kellerwald and Oberfranken, occurring in the
Clymenia and lower Wocklumeria Stufen.
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Kosmoclymenia inaeguistriata (MUnster 1832)
Pl. 5.21, Figs. 1,2,4,5,7; 5.23, Fig. 10; 5.24, Figs. 1,2,7-13,
17,18; 5.29, Figs. 1-3; Textfigs. 5.27F,G.

(1)

*

Ammonites inaeguistriatus MUnster - von Buch, p. 178,
pl. II, figs. 10,11.
Planulites inaeguistriatus sp. nov. - MUnster, p. 10,
pl. I, figs. 4a-c.

1834 CLymenia inaeguistriata Munster - Munster, p. 72,

1832

1832

vnon. 1863

pl. II, figs. 2a-c (copy of MUnster 1832).
Clvrnenia inaeguistriata Munster - Munster, p. 8,
pl. IIa, figs. 4a-c, (copy of MUnster 1832).
Clymenia undulata MUnster - GUmbel, p. 139, pl. XVII,
figs. 4a-c only.

p. 1923a Oxyclymenia undulata MUnster - Schindewolf, p. 468.

1843

p.v 1923a 0xyclymenia subundulata Wedekind - Schindewolf,
p. 471, pl. XVIII, figs. 8,9.

v 1924 Oxyclymenia elegantula Wedekind - Schmidt, p. 135,
pl. 7, figs. 7,a, textfig. Si.

1 1929 Oxyclyrnenia subundulata Wedekind - Lange, p. 121,
pl. 3, figs. 37,a.

Type material. A neotype, SM HI0376, collected by MUnster from
Schubelhammer, Oberfranken, is proposed here.
Remarks. The type series comprised two specimens (MUnster 1833).
The specimen (BSP AS VII 597) which GUmbel figured (1863, pl. XVII,
figs. 4a-c) may be one of these, but because it does not resemble
Munster's (1832) figure of the species it is rejected, and a neo-
type (which bears closer resemblance to Munster's figure) has been
chosen.
Diagnosis. Species of Kosmoclymenia with fine closely spaced
biconvex prorsiradiate growth-lines, numbering 10 per mm at a dia-
meter of 30mm and a ratio U/D of ca 0.42. Periodically these are
bunched to give the impression of very low ribs, numbering ca 80
per whorl.

Description. The neotype SM HI0376 (Pl. 5.24, Figs. 9-11) is
described; SM HI0377 (Pl. 5.23, Figs. 3,4) is briefly mentioned



and may represent the inner whorls of this species. Two specimens
figured by Schindewolf (1923a) as subundulata are also discussed,
and two specimens from the Sauerland are used to illustrate the
ventral ornament.

The shell coiling is evolute with a whorl section which is

circular at early diameters, but by a diameter of 20mrnhas become
compressed. Textfig. 5.27G illustrates the change in successive
whorls from a circular whorl section (D = ca 10mm) to compressed
(D = ca 14mrn),to compressed with converging flattened flanks and
flattened venter (D = ca 22mrn), to oval (D = 44mm) and finally a
quarter of a whorl later at a diameter of 55mm there is a tabulate
venter bounded by shallow grooves.

Growth-lines are clearly visible on only the last whorl of the
neotype. Here (Textfig. 5.27F) they are prorsiradiate, biconvex
with a broad sinus occupying most of the flank. The course of
individual growth-lines cannot be followed across the margins of
the ventral band, but they are typically semicircular, bounded by
two lines. If SM H10377 is indeed a juvenile of this species the
growth-lines on earlier whorls have a much broader flank sinus,
and a narrower more pointed ventro-Iateral salient. There are
17 semicircular spine bases on this specimen in the half whorl
prior to a diameter of 20mm, suggesting that this specimen had a
continuous flare projecting from the ventro-Iateral shoulder (see
also Pl. 5.21, Figs. 2,7).

The neotype has 10 growth-lines per millimetre at a diameter
of 30rom. These are bunched into groups of approximately six,
forming low ribs. The suture is strongly recrystallised, but is
of the normal Kosmoclymenia-type.

Two specimens (HU P82.8, Pl. 5.21, Figs. 1,2; HU P82.10,
Pl. 5.21, Figs. 4,5,7, Pl. 5.23, Fig. 10), show the,ventral
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ornament particularly clearly. On P82.8 the growth-lines are
bunched, and corresponding to each group of growth-lines is a short
backwardly directed spine, extending from the ventro-lateral
shoulder and joined to the previous spine to form a continuous
flare. The flare is formed by the extension of shell material at
the ventro-Iateral shoulder. Periodically apertural extensions
do not~end to the full height of the previous part of the flare,
and are then overlapped by the next part. Weak plicatio~ can be
seen on the most orad part of the internal mould of the body chamber
preserved. Such plications are also visible on HU P82.10, where
they also extend across the venter (Fig. 5). Where the flare is

preserved it can be seen that it is broken up into a series of low
spines, creating a serrate margin.

Dimensions I

D U WW WH
Neotype, SM H10376 56.4 23.3 14.4 19.1

45 18.8 11.3 14.6
32 13.2 9.3 11
21.2 8.8 7.2 7.7

SM H10377 15.1 6.6 6.7 5.3
BSP AS VII 597 26.5 11.8 7.1 8.7
Mbg 3135, figured by 47 19.8 9.5 15.9
Schindewolf 1923a,
pl.XVIII, fig. 8.
MfN~ figured by 50.2 21.8 10.5 16.2
Schindewolf 1923a,
pl.XVIII, fig.9.
MfN c541, figured by 56.4 25 13.2 17
Schmidt 1924,
pl.7, fig. 7,a.

Discussionl This specific name was first used by von Buch (1832)
who described Ammonites inaequistriatus using material from SChubel-
hammer, sent to him by MUnster. The description is ambiguous, and
the figure only a sketch which shows a suture with a well developed
ventro-Iateral lobe, unlike Kosmoclymenia.· In the absence of any
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type material in Berlin Amm. inaequistriatus is treated as a nomen
dubium.

In the same year, in a work whose publication post-dated that
of von Buch (see the argument under Gon. (QQn.) speciosa, above)
Munster described "Planulites inaequistriatus nobis" (sic).
This is treated as the first vaild usage of the name, and not as
synonymous with inaequistriatus von Buch, since that taxon was
described in a different genus.

The specimen figured by MUnster (1832) had a diameter of 90mm
(pl. I) and for this reason the example figured by GUmbel (1863,
pl. XVII, fig. 4), described below, cannot be accepted as the
original. No author since GUmbel has used the specific name, and
even he did not describe the examples in Munich. Schindewolf
(1923a) included Cl. inaequistriata in synonymy with~. undulata
without justification, and described and illustrated two specimens
as subundulata. They are poorly preserved, being flattened and
stylolitised in parts, but, or because, they are ribbed, they are
referred to Kosmo. inaequistriata. The smaller one (Mbg 3135,
Pl. 5.24, Figs. 12,13) has Closely spaced growth-lines, numbering
3 per mm at a diameter of ca 35mm, and a flank to venter growth-
line ratio of 1211. The larger specimen (MfNI Pl. 5.24, Figs.
17,18) shows growth-lines which have modified in shape in the same
way as those on the specimen from Ense described above. At a
diameter of 45mm there are weathered remains of 4 ribs over the
ventra-lateral shoulder. The venter at this stage is tabulate.

In 1924 (p. 135, pl. 7, figs. 7,a, textfig. 5i) Schmidt
described a specimen (MfN c541) collected by Denckmann from Dasberg.
This (Pl. 5.24, Figs. 7,8) has a shell shape similar to Kosmo.
inaeguistriata, but has deep grooves delimiting the tabulate venter
and fewer, more prominent growth-lines. They number 7 per mm at



a diameter of 26mm, and have the same biconvex course as Kosmo.
inaequistriata. GUIDhel's specimen (BSP AS VII 539) of £1.
inaeguistriata (pl. XVII, figs.'4a-c) from Schubelhammer, Oberfranken
(Pl. 5.24, Figs. 1,2) resembles MfN c541, as does another unfigured
specimen from the same locality (BSP AS VII 542). Further ex-
amples with a similar form were illustrated by Petter (1960, pl. VI,
figs. l,a, 3,a) as Kosmo. sedgwickii.

The precise stratigraphic position is not known for any of
these specimens. The morphological difference between them and
the neotype of Kosmo. inaequistriata is not considered sUfficient
to warrant the use of a different taxonomic name.

Comparisons I Growth-lines are prorsiradiate as in Kosmo. subundulata,
but in that species they are not bunched. The ratio U/D is con-
sistently higher, also (Textfig. 5.28a). Kosmo. sublaevis does
not develop a ventral band, nor flares, and it has a stouter whorl
section.

Horizon and distributionl The horizon of the neotype from SChubel-
hammer, Oberfranken is unknown, but is probably in the clymenia
Stufe. Kosmo. inaeguistriata is known from the Sauerland, Ober-
franken (Wo Germany) and Algeria. Its stratigraphic position is
also presumed to be in the Clymenia Stufe.

Kosmoclymenia ap , ~
Pl. 5.24, Fig. 6

Material I A single specimen (BSP 1886 III 27) from Dzikowiec,
Poland.
Diagnosis I Kosmoclymenia with ventral band, compressed quadrate
whorl section with flattened flanks and few convexo-concave growth-
lines, spaced at a frequency of two per millimetre.



Description I Little need be added to this brief diagnosis of a
single, but distinctive, specimen. The fine, widely spaced growth-
lines characterise this species. The venter has relatively few
semicircular growth-line sinuses, numbering 9 in the half whorl
prior to a diameter of 37mm.

Dimensions I

D u ww
9.2

WH
BSP 1886 III 27
Pl.5.24,Figs.5,6.

36.8 16.7 11.7

Remarks I This specimen is included to demonstrate the breadth of
variation within this genus. It is included within Group I,
because of its ventral ornament, although growth-lines do not have
a biconvex course over the flanks, unlike the other species in this
group.

Kosmoclymenia Group II

Kosmoclymenia (Group II) is poorly represented in the museum
cOllections. Several species certainly existJ the two named
species are described below but insufficient material is available
to propose new ones formally. Several specimens are illustrated
to demonstrate the variability within the group. Kosmoclymenia
carinata and coronata are known from few, poorly preserved specimens
and the information available about them is discussed.

Kosmoclymeoia coronata (Schmidt 1924)
The type-series of Kosrnoclymenia coronata (Schmidt 1924)

consisted of 16 specimens, two of which are currently housed in
Berlin. The figured specimen (1924, pl. 7, fig. 6) from Dasberg
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is illustrated here (Pl. 5.25, Figs. 12,13) and proposed as the
lectotype. Schmidt defined his variety coronata by its indications
of ribs on the umbilical shoulders. These can be clearly seen in
Fig. 12, as are faint nodes at the ventro-Iateral shoulder. The
lectotype is small, reaching only 17mrnin diameter; its mature
form is therefore unknown. The whorl section is quadrate, with a
rounded venter. Growth-lines are rursiradiate, sickle-shaped over
the flanks rather than biconvex because the ventrad salient is
actually centred on the venter. The sinus occupies most of the
flank. No indications of spines can be seen on the ventral area.

Kosmoclymenia carinata (Ansted 1838)
Kosmoclymenia carinata (Ansted 1838) is also poorly known and

based on a small specimen (SM H4011), which is figured here (Pl.
5.25, Figs. 2,3). This is distorted and attains a maximum diameter
of ca 3Smm. The whorl section is Slightly compressed and the
venter rounded. Growth-lines are biconvex, radial and continue
from the flank over the venter. No spines are evident.

Four unnamed "species" are newly recognised, referred to by
the letter d, ~, f, g, and these fall into two groups B'~and f,g.
The first group has strongly rursiradiate growth-lines and an oval
whorl section; in the second the growth-lines are only slightly
rursiradiate and the whorl section quadrate.

An example (NO. 80, species B) from the Munster Collection
at the University of Erlangen-Nurnberg (Pl. 5.25, Figs. 15,16,
Textfig. S.26F) has a very smooth shell with barely visible growth-
lines, particularly over the venter. These are rursiradiate and
Slightly biconvex with a deep semicircular ventral sinus (Fig. 16).
Growth-lines occur in equal numbers on the flanks and the venter,
and the frequency per millimetre on the venter at a diameter of
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20mm. Rugose lirae with a spacing of 9 per mm run transversely
across the venter.

Another small but distinctive specimen (species ~, SM H10399,
Munster COllection, Schubelhammer) has widely spaced rursiradiate
concavo-convex growth-lines on the flanks (Pl. 5.25, Figs. 7-9,
Textfig. 5.26G). The whorl section is oval.

Three specimens from Dzikowiec (all in the MfN) fall into
another group with less rursiradiate growth-lines. Species f,
illustrated in Pl. 5.25, Figs. 1,2, has radial biconvex growth-
lines, and is similar in morphology to Kosmo. sublaevis, except
that it r acscs the two lines delimiting the venter. The Polish
specimen also has faint ribs on the umbilical shoulder, and spiral
lines on the last flank of the whorl. Species g, represented by
two specimens (MfN c594, Pl. 5.25, Figs. 10,11, MfN Pl. 5.27,
Figs. 19,20) is evolute (umbilical width is greater than 50% of
the diameter) with a quadrate whorl section and has slightly
rursiradiate, biconvex growth-lines. Most notably a tabulate
venter is developed at a diameter of 65mm (Figs. 19,20), bounded
by two pronounced ventro-Iateral grooves, resulting in a low blunt
keel.

Dimensions I

PI.5.25,Figs.1,2
Kosmo. carinata
holotype, 8M H4011
Pl.5.25,Figs.12,13
Kosmo. coronata
PI.5.25,Figs.15,16
Univ. Erl-Nurnberg
No. 80, Kosmo. sp ~
Pl.5.25,Figs.7-9
SM HI0399, Kosmo.
sp. ~
PI.5.25,Figs.l,2
MfN, Kosmo. sp. f

D ww WHu

34.1 7.5 8.518.0

17.7 8.6

24.4 12.1
18.6 9.3

23.9 13.0
18.1 10.1

38.5 17.5

ca 4.2 5.0

4.5
7.6
5.1

4.7
4.0

6.0
4.7

ca 8 11.3
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D U ww

12.5
WH

Pl.5.25,Figs.10,11
MfN,c594, Kosmo.
SPa .9:
PI.5.27,Figs.19,20
Kosmo. SPa .9:

52.8 26.9 15.3

65 32.8 17.8

Planulites planorbiformis MUnster 1832 (p. 8, pl. II, figs.
la-c) could be interpreted as belonging to this species group.
The original figure shows the species to have serpenticonic shell,
with a compressed whorl section. The umbilicus is wide (U/D = 0.52)
and shallow; the growth-lines are concave over the flanks up to
a diameter of 30mm, and then biconvex, with a ventral sinus. The
suture is of Kosmoclymenia-type. Richter (1848, pl.III, figs. 86-8)
and, later, Schmidt (1924) interpreted this species as a Kosmoclyrnenia
synonymous (p. 169) with 0xyclymenia linearis (Minster). Schmidt
did not say whether he considered this species to have a ventral
band. GUmbel (1863, p. 160) stated that MUnster had figured the
original specimen inaccurately. In his figure (pl. XXI, figs.
6a-e) GUmbel shows a widely umbilicate form, but with straight radial
growth-lines, a reniform whorl section, and a Cycloclymenia suture.
GUmbel was not certain that this was MUnster's original as he could
see no suture prior to preparing one.

It would be tempting to ignore GUmbel's interpretation of
Ql. planorbiformis, and to accept Munster's description and figure
at face value, except that the only well labelled specimen known
to me (SM H10375) is undoubtedly a Cycloclymenia, but with a
compressed whorl section and shell shape resembling MUnster's
figure. Therefore interpretation of the specific name will be
based on this specimen, and CYCloclymenia clymeniddes is recognised
as a junior subjective synonym of it. This genus has long been
believed to occur in the lower Clymenia Stufe (Schindewolf), but

preparation of conodonts from the matrix of the proposed neotype



3R2

of CYClO. Planorbiformis (SM H10375) and the proposed lectotype of
Cyclo. clymeniddes (UEN) gave an assemblage dated (by Prof. W.
Ziegler) as marginifera Zone, which lies in the sandbergeri Zone.
This age places Cycloclymenia much nearer in time to its relatives
Prolobites and Clymenoceras.

Kosmoclymenia sublaevis (Munster 1832)
Pl. 5.20, Figs. 3,4, Pl. 5.25, Figs. 5,6, Textfigs. 5.24C-E

?v* 1832 Planulites sublaevis sp. nov. - MUnster, p. 10, pl. II,
figs. 3a-b.

1834 Clyrnenia sublaevis MUnster - Munster, p. 72, pl. I,
figs. 7a-b (copy of MUnster 1832).

1842 Clymenia sublaevis Munster - Munster, p. 124,
1843 Clymenia sublaevis Munster - MUnster, p. 6, pl. IIa,

figs. 3a-b (copy of MUnster 1832).
p 1863 Clymenia undulata Munster - Gumbel, p. 120, pl. XVII,

figs. 2a-c (? refiguring of the specimen figured by
MUnster) •

? 1914 0xyclymenia undulata var. sublaevis Munster - Wedekind
p , 51.

Type material, A specimen from Schubelhammer, BSP AS VII 540, is
proposed as the lectotype.
Diagnosis. Kosmoclymenia with rounded venter. Growth-lines are
moderately biconvex, radial, and all run over the weak ventral band.

Description. Two specimens have been examined, the lectotype
(BSP AS VII 540, Pl. 5.25, Figs. 5,6) and another specimen, labelled
as Clo lineata in the MUnster Collection at the British Museum (NH)
(BM 81830, PI. 5.20, Figs. 3,4).

The lectotype is evolute, umbilical width increasing to 45%
at the maximum diameter of 45mm. Early whorls appear to have a

rounded cross-section, but flattened flankS and an oval cross-
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section are developed by a diameter of 35mm.
Growth-lines, although present on the lectotype, are weathered

and can be more clearly seen on BM 81830. These are radial, bi-
convex and expressed as raised lirae. The salient and sinus on
the dorsad part of the flank is broad and shallow, the ventro-
lateral salient is narrower and more strongly curved. A sinus is

formed on the venter (Fig. 3) which is bounded by two lines. The
flank to venter growth-line ratio is 111. The growth-lines are
bunched. This is caused by a variation in the spacing, ten closely
spaced lirae being followed by 4 or 5 which are more widely spaced.
This bunching is also visible on the venter. The suture has not
been observed.

Dimensions I

D U WW WH
Lectotype, ESP AS 41.2 18.2 12.4 15
VII 540, PI.5.25, 33.5 14.4 10.3 11.5
Figs.5,6.
BM 81830, PI.5.20, 33.8 ca 8 12
Figs.3,4.

Discussion. MUnster (1833, 1842) listed at least four specimens
as belonging to this species, and it is questionable whether the
lectotype corresponds exactly with the figures given by Munster and
GUmbel. However, it does agree with Munster's description (1832,
p.l0) which was, t~ ••• smooth shell seldom showing striations •••
and rounded venter". This was amplified later (Munster 1842,
p. 124) where the diagnostic characteristics of almost radial growth-
lines with a smooth venter were emphasised, contrasting with
Kosmo. undulata, which had sickle-shaped growth-lines with a deep
pocket shaped sinus, on a flattened venter. The caption to
Mttnster's figure (1832, p. 37) refers to "ElM. laevis'~, but this
is taken as·an error for sublaevis, since that name appears twice
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elsewhere in the text (pp. 10, 35).
GUmbel's (1863, pl. XVII, fig. 25) illustration of a specimen

terminated by a septal face may be an elaboration or be based on
another specimen, now lost. The growth-lines (1863, fig. 2c)
closely resemble those on the le9totype. Both GUmbel and MUnster
SpW far fewer growth-lines on inner whorls than on the last whorl;
growth-lines are only visible on the last whorl preserved on the
lectotype. Earlier they may either have been weathered away, or
be much weaker.

Wedekind (1914) recognised the usefulness of this name for a
variety with weak growth-lin~s. However, this description could
be applied to several species. I have not seen any of his material
nor did he provide a figure, so it is not possible to include his
reference in the synonymy with certainty.

Three other specimens are figured which closely resemble Kosmo.
sublaevis. One, 8M H4011 (Pl. 5.25, Figs. 3,4) is the holotype
(recognised here) of Endosiphonites carinatus Ansted 1838 from
Landlake, Cornwall. This is a small distorted specimen on which
the venter is not well preserved, it is not, therefore, placed in
synonymy with Kosmo. sublaevis. The shape of the growth-lines
over the flank and venter appear similar.

An unnumbered specimen housed at Krefeld (NWGLJ Pl. 5.22,
Figs. 2-4, Textfig. 5.26E) from the Ostprovinzi~l Steinbruch,
Drewer, Sauerland, is identified as Kosmo. aff. sublaevis. This
has a similar shell shape and growth-line course over the flanks.
However, the growth-lines are more closely spaced (12 per mm on
the venter at a diameter of 40mm, compared with 8 per mm at a
similar diameter on Rosmo. sublaevis). Also, by a diameter of 40mm
a tabulate venter has been developed, and there are no lines
around the ventro-Iateral shoulder.
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A silicified internal mould from Bilsteinh6hle (DK 81D 6403.2;
Textfigs. 5.24C-E) was dissected to show the sutural ontogeny of
Kosmoclymenia. A sharp lateral lobe was found already to be
present at a diameter of 4mrn.

Dimensions I

D u ww WH
SM H4011
NWGL

34.5
50.8
34.1

19.6
13.5

ca14
12.4

19.2
12.5

Horizon and distributionl The lectotype came from Schubelhammer,
Oberfranken; its horizon is unknown, and this may be in either the
Clymenia or Wocklumeria Stufen. wedekind (1914) recorded examples
from the Sauerland.

Kosmoclymenia wocklumeri {Wedekind 1914}
Pl. 5.25, Figs. 14,17

* 1914 oxyclymenia wocklumeri sp. nov. - Wedekind, p. 53,
pl. 7, fig. 6.

v?p 1923a oxyclymenia linearis MUnster - Schindewolf, p. 472,
non pl. XVIII, fig. 7.

v 1924 Oxyclymenia undulata var. wocklumeri Wedekind - Schmidt,
p. 135, textfig. Se.

? 1929 Oxyclymenia linearis (Munster) - Lange, p. 126.
1937a Oxyclymenia wocklumeri Wedekind - Schindewolf, p. 37.

Type material. The specimen figured by Wedekind (1914, pl. 7,
fig. 6) from Burg, Balve, Sauerland, now housed at G8ttingen, is
proposed as the lectotype.
Diagnosis. Evolute smooth shelled Kosmoclymenia. Early whorls
are circular, but after a diameter of ca 50mm the flanks become
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flattened and converging, the venter tabulate and the umbilical
shoulder distinct. The barely visible growth-lines change from
being rursiradiate, concavo-convex over the flanks to radial and
biconvex at the same point.

Description I Little can be added to the diagnosis. Schmidt (1924)
figured the characteristic whorl cross-sectional shape. This
diagram, based on a specimen (MfN) from Oberr8dinghausen, is at
natural size. BM 81854 (MUnster COllection) is recognised to
belong to this species, by its weak rursiradiate convexo-concave
growth-lines (Pl..5.25, Figs. 17)•

Dimensionsl
D U WW WH

Wedekind 1914, p.S3 104 50 30 23

Discussionl Schindewolf (1923a) failed to recognise this species
at Kirch-Gattendorf, or in the MUnster COllections. Lange (1929)
interpreted this species broadly and included it with~. linearis
Munster, using SchindeWOlf's interpretation of that species.
Examination of specimens of Kosmo. linearis from Kirch-Gattendorf
in the Schindewolf Collection at Marburg/Berlin shows them to have
remains of ventral spines (Pl. 5.23, Figs. 1,2, Pl. 5.24, Figs. 15,
20). Therefore Lange was wrong to synonymise Kosmo. linearis
with wocklumeri.

Horizon and distribution. The species is known from Cornwall
(England), Sauerland and Oberfranken (W. Germany). Schindewolf
(1937a) recorded it from the Hangenberg Schiefer and Beds 1-11 at
Oberr8dinghausen, that is in the upper Wocklurneria Stufe.
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Kosmoclymenia Group III

Kosmoclymenia bisulcata (Munster 1840)
Pl. 5.26, Figs. 9.12.13. Textfigs. 5.29A-C

Clymenia bisulcata sp. nov. - MUnster, p. 93, pl. XV,
figs. 6a-b.
Clymenia bisulcata MUnster - MUnster, p. 125.
Clymenia undulata MUnster - GUmbel, p. 140, pl. XVIII,
figs. 12a-e, (refiguring of the lectotype).
Clymenia bisulcata Munster - Frech, p. 34, pl. 11(1),
figs. 12a-c.
Oxyclyrnenia bisulcata Munster - Schindewolf, p. 474,
pl. XVIII, fig. 6.
oxyclymenia bisulcata Munster - Schmidt, p. 135.
Oxyclymenia bisulcata Munster - Lange, p. 125.
Kosmoclymenia bisulcata (Munster) - Selwood, p. 27,
fig. 2.
Kosmoclymenia bisulcata (Munster) - Petter, p. 38,
pl. IV, figs. 2,a, 7,a, (non figs. 8,a) textfig. 4G.
Kosmoclymenia bisulcata (MUnster) - Sun and Shen,
p. 54, pl. II, figs. 10a,b, textfig. 12.
Kosmoclymenia bisulcata (Munster) - Korn, textfig. 2e
(= Kosmo. cf. similis).
Kosmoclymenia bisulcata (Munster) - Ruan, p. 125,
pl. 31, figs. 15,16, ?figs. 10-14, fig. 92.

Type material. BSP AS VII 535, from Schubelhammer, Oberfranken,
is proposed as the lectotype.
Diagnosis. Kosmoclymenia with prominent rounded keel bounded by
ventro-Iateral grooves, and strongly biconvex growth-lines.

Description. Three specimens have been examined. the lectotype
BSP AS VII 535, HU P82.12, collected from scree at Reigern, and
a specimen labelled as from South Petherwin, in the Wiesbaden
Museum. These last two specimens differ in detail from the lecto-
type and are referred to Kosmo. aff. bisulcata.
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The lectotype (Pl. 5.26, Figs. 10,11) has poorly preserved
inner whorls. No cross-section has been prepared but they appear
evolute with a rounded to oval shape. The last whorl preserved is
compressed with flattened flanks and a rounded ventral shoulder,
which is delimited by two shallow grooves at the margins of a high
rounded keel. The keel is first present at a diameter of 35rnm
though here the venter is filed and thus it may have developed
earlier.

Well preserved growth-lines are visible only at a diameter of
45mm, where they are strongly biconvex. The dorsad salient is
the wider, and the midflank sinus is centred three-quarters of the
distance from the umbilical seam to the base of the keel. The
other salient runs forward over the ventro-Iateral shoulder and
there is a deep sinus over the keel. The pOlished suture is of
normal Kosmoc1ymenia-type.

The specimen from Reigern (Pl. 5.26, Figs. 14-16) shows inner
whorls lacking a keel (Textfig. 5.29B) and a lower less prominent
keel on the last whorl at a diameter comparable with the lectotype.
The growth-lines are of similar shape (Textfigs. 5.29A,C) although
the salients are less prominent.

The smaller specimen from South Petherwin (Pl. 5.24, Figs. 3,4)
also has less strongly biconvex growth-lines, but there is a hint
(Fig. 4) of a rounded keel at a diameter of 25rnm. After this the
venter is damaged.

Dimensions I

D u ww WH
Lectotype, BSP AS
VII 535
HU P82.12
Wsb

43.3 19.8 9.0 14.2

ca50
27.3

11.5 15.2
3.012.3 ca 6
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Discussionl This seems.a rare, although widely distributed,
species. Besides the three specimens described here only three
others are known to me, two from Algeria (Petter 1960) and one
from Kweichow, s.w. China (Sun and Shen 1965). Widespread refer-
ence has been made to the species (Schindewolf 1923a, 1937a, Schmidt
1924, Selwood 1960) but this is erroneous, as the specimens'
described there all have wide tabulate venters, bounded by ventro-
lateral furrows.
(Group IV).

GUmbel (1863, p. 140) reported three MUnster specimens which

These are discussed below under Kosmoclyrnenia

may perhaps explain how he was able to draw a cross-section (pl.
XVIII, fig. 12e), and growth-lines. These, however, were prorsi-
radiate and do not agree with either MUnster's figure, or what is
visible on the lectotype.

The single specimen described by Sun and Shen (1965) has a
ventral keel which is much narrower than that of the lectotype, and
is referred to Kosmo. aff. bisulcata.

Comparisons I Protoxyclymenia serpentina has similar growth-lines
to Kosmo. bisulcata, but develops its less prominent keel much
later. Also its suture is different. Kosmoclymenia galeata
(Wedekind 1914) has a more oxyconic shell form, with a pointed
venter rather than a keel.

Horizon and distribution. The species is known from Oberfranken
and Sauerland (W. Germany), Cornwall (England) and Souara Valley
(Algeria). The precise horizon is unknown, but Petter (1960)
reported her specimens from the Clymenia Stufe, or its upper
boundary, and the limited exposure at Reigern, part of which is
of ~ocklumeria Stufe age, suggests that the specimen from there is
either of this age, or from the upper Clymenia Stufe.
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Kosmocl.ymenia colubrina (Lange 1929)
Pl. 5.26, Figs. 1-5, Pl. 5.30, Figs. 16,17, Textfigs. 5.24F,G

v* 1929 0xyclymenia bisulcata var. colubrina nov. - Lange,
p. 125, pl. 3, fig. 3~, textfig. 39.

Type material. A hOlotype (MfN) from Dasberg, Sauerland, was
designated by Lange (1929).
Diagnosis. Kosmoclymenia with cpmpressed whorl section and flattened
venter in early whorls,which develops into a quadrate keel,. the
internal mould of which is noded.
at all stages.

Faint plicate ribs are present

Description. Three museum specimens are described here; the holo-
type (Pl. 5.26, Figs. 2,3) and two specimens from the Kellerwald
(Plo 5.26, Figs. 1,4,5). All are housed in the Museum fUr Natur-
kunde , Berlin •. Also described is a single specimen (KW 2081),
collected from Dasberg (Pl. 5.30, Figs. 16,17).

The holotype is well preserved, although slightly distorted.
It shows smooth, rounded inner whorls with faint plicate ribs on
the dorsad half of the flanks. At a diameter of approximately
15mm the growth-lines are visible as raised lirae and are rursi-
radiate. One whorl later, at a diameter of 25mm, the course of
the growth-lines can be seen, still rursiradiate but clearly
biconvex, with a sinus over the venter. At this point the venter
is tabulate but during the last half whorl preserved a high keel
develops (Fig. 3), which at a diameter of 44mm is quadrate and
bounded by two grooves. The internal mould of the venter is
noded, and presumably the venter itself was too. The shell is
missing from the flanks of the last half whorl (Fig. 3), where
there are weak, plicate ribs running parallel to the biconvex
growth-lines, which are stronger than in earlier whorls. At a
diameter of 32mm there is a constriction with a deep concave
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course. The suture was not seen.
The specimen in Pl. 5.26, Figs. 4,5, is smaller than the

holotype and lacks a keel. It does, however, show smooth inner
whorls, lirate biconvex growth-lines at a diameter of 20mm and a
tabulate venter. Another specimen (Pl. 5.26',Fig. 7) differs in
having a smoother shell, lacking raised lirate growth-lines, but
is similar in other respects. Its stratigraphic position is
unknown, and it is not separated taxonomically.

The modification of the growth-line shape on the body chamber
can clearly be seen on KW 2081 (PI. 5.30, Figs. 16,17). Here the
body chamber is preserved complete with shell, the venter is tabu-
late, but the ventro-lateral groove is less marked than on the
internal mould of the hOlotype. Early growth-lines (Textfig.
5.24G) are biconvex, and lirate, bunched into groups of 3 or 4,
separated by areas of relatively smoother shell. On the body
chamber, at diameters greater than 35mrnwhere ventro-lateral grooves
begin to develop, the growth-lines become much finer, more closely
spaced, and have more prominent ventro-lateral and lateral salients
(Textfig. 5.24F). Weak ribs are present, just as on the internal
mould of the holotype.

Dimensions I

D U WW WH
Holotype Pl.S.26, 43.9 21.5 ca 9.8 12.5
Figs.2-4, MfN 33.9 17.6 6.2 9.8
MfN, PI.5.26, 26.5 12.5 5.5 8.5
Figs.4,5.
MfN, Pl.5.26, 19.5 10.1 3.5 5.4
Fig.l.
KW 2081 39.5 13.4 10.7

Discussion. This species is distinguished from others in the
group by its prominent tabulate venter. The specimen in Figs.
4,5, was recognised by Schindewolf in 1925 as a new species and
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given the manuscript name falcata.

Horizon and distribution I The horizon of these species is known
only as Clymenia Stufe. It has been collected in the Sauerland,
Kellerwald and Oberfranken, and from Dzikowiec.

Kosmoclymenia sp. h
Pl. 5.26, Figs. 6-8, Textfigs. 5.29J-K

One unnamed species (referred to as species h) which has been
recognised within this group, is represented by two specimens I
one from Dzikowiec, Poland, and the other from Schubelhammer,
Oberfranken.

The POlish specimen is evolute with an almost smooth shell.
Inner whorls show faint ribbing, and-the whorl section is compressed.
At a diameter of ca 20mm a raised tabulate venter is developed
(Fig. 7). The growth-lines are strongly biconvex and radial.

The smaller specimen collected by Munster (SM H10400, Pl. 5.26,
Fig. 6, Textfigs. 5.29J,K) resembles species h and is referred to
as Kosmo. aff. species h. It is smaller, has a smooth shell,
tabulate venter and compressed whorl section but the two salients
of the radial biconvex growth-lines are of equal size, unlike the
Polish specimen. This specimen could, arguably, represent the
inner whorls of ~ serpentina.

In neither of the above specimens has the suture been seen,
nor is the stratigraphic horizon known.

Dimensionsl
D U WW WH

MfN Pl.S.26,Figs.7,8 24.5 12.4 S.2 6.9
SM H10400, PI.5.26, 23.6 11 4.3 5.2Fig.6. 18.3 9.6 4.0 caS.O
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Kosmoclymenia Group IV

Group IV is discussed primarily to clear up any ambiguity in
the interpretation of Kosmo. bisulcata, but there is also a question
of whether any other Munster species should be included within it.
There are two such species in contention •. semistriata and similis.
MUnster did not figure them, but his descriptions are paraphrased
below.

Cl. semistriata MUnster 1839, p. 11, Schlibelhammer.
Only the outer whorl is sharply striated, the inner
whorls are smooth. The striations are joined in a
sharp chevron on the venter. It is discoidal and
little involute. The pointed lateral lobe is small.

Cl. similis Munster 1839, p. 11. From the grey
transitional limestone of Gattendorf near Hof. A
fine striation of the shell runs straight over the
whorls, as in £1. Planorbiformis. The last whorl
is compressed and the venter sharply curved. The
whorls increase rapidly in width.

GUmbel (1863) discussed these nominal species and figured two
specimens which he interpreted as Munster's originals, selected
from a number of specimens in the Munich Collection.

One of these (pl. XVII, fig. 6), Cl. semistriata, is illus-
trated here (BSP AS VII 552, Pl. 5.27, Figs. 16,17). The specimen
resembles MUnster's brief description reasonably well, though no
ornament is visible on the venter. It is proposed as the lecto-
type. The lack of additional material means that only a brief
description can be given.

Evolute with smooth inner whorls, and slowly increasing whorl
width, the body chamber shows almost concave growth-lines with a
strong ventro-lateral salient and has a compressed flask-shaped



section, with a tabulate venter. The internal mould shows shallow
plicate ribs on the ventrad part of the flanks and ventral wrinkle-
layer.

The nature of Cl. similis is less clear. GUmbel again
selected what he considered to be MUnster's original (Pl. XVII,
figs. 5a,b,d) from amongst several specimens. The specimen (BSP
AS VII 544) labelled as Munster,'s original at Munich,cannot be said
with certainty to be the one which GUmbel figured, since there are'
significant differences in the areas where he showed the shell to
be absent, The specimen is illustrated here Pl. 5.26, Fig. 15,
and is proposed as the lectotype. Th~ growth-lines are ,theonly
diagnostic feature Clearly visible on the lectotype; these are
barely biconvex over the flank with a Slight dorsad salient, and a
very prominent ventro-lateral salient. The venter is damaged, but
by a diameter of 18mm appears to be tabulate, bounded by ventro-
lateral grooves.

In the collections at Cambridge there are two specimens
(H10311,2) labelled by MUnster as Cl. similis. Both are poorly
preserved, the former may be Kosmo. wocklumeri and the other may
be Kosmo. undulata or inaequistriata. Neither resembles the MuniCh
specimen.

Two specimens from Langenaubach (Mbg unnumbered, ,Pl. 5.27,
Figs. 1-5) are assigned to Kosmo. aff. similis. They have a
similar shell morphOlOgy and growth-line course to Kosmo. similis.
There are however, twice as many growth-lines on the specimen in
Figs. 1,2 and the growth-lines on the specimen in Figs. 3-5 are
alternately bunched and spread out, giving the appearance of ribbing.
Both have dorso-lateral growth-line salients more strongly developed
than on the lectotype of Kosmo. similis. Neither of the two
specimens had spines or flares projecting from the venter, and a
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tabulate venter is developed on the larger specimen at a diameter
of 17mm. The stratigraphic position of these two specimens is

unknown.
At least four distinct species of this genus are known to me,

but only from single specimens which cannot be accurately located
stratigraphically. They are illustrated here to justify the
inclusion of these species into a distinct morphological group, and
to demonstrate the variation within it.
alloted the Munster names defined above •

.A common species in the lower Woc~umeria Stufe is the form
which Schindewolf (1923a, pl. XVIII, fig. 6) interpreted as ~.

Two of the species are

bisulcata, which he collected from Bed 20, at Kirch-Gattendorf, an
example of which (Mbg 3133) is described. This has a tabulate
venter (Pl. 5.27, Figs. 13,14) and raised lirate growth-lines
(Textfig. 5.29F). These are biconvex on the flank with a strong
salient running forward across the ventro-Iateral furrow, which
delimits the venter. They reach furthest forwards on the vertical
flanks of the venter, before running back to form a ventral sinus.
The ratio of growth-lines on the flanks and venter is 1a1, and I
do not therefore expect that spines were formed. At a diameter of
17mm there are approximately 40 widely spaced growth-li~es in the
previous quarter whorl, with a frequency of 12 in 5mm. This
specimen is referred to Kosmo. similis. Both Munster's and
Schindewolf's specimens were collected from the same locality.

Illustrated in Pl. 5.27, Fig. 6 is a specimen from Dzikowiec
(MfN) with a similar morphology, but with twice as many growth-
lines at comparable diameters. Specimens collected by Selwood
(1960, GSM 87401, pl. 27, fig. 2) from Cornwall, and by Petter
(e.g. 1960, pl. VI, figs. a,a) from Algeria may have a similar shell
morphology to the illustrated specimens,but growth-lines are not



well preserved and the tabulate venter seems to be developed earlier.
A further distinctive specimen from Dzikowiec (species i,

Pl. 5.27, Figs. 7-9) has growth lines which are only just biconvex,
and a ventral band. Growth-line course across the flank is almost
straight; there is a prominent ventro-Iateral salient and a deep
sinus over the venter (Textfig. 5.29G). Grooves delimiting the
tabulate venter appear at a diameter of ca 25mm. Growth-lines
number ca 40 per 5mm, at a diameter of 20mm.and the ratio of growth-
lines on the flanks and venter is 611. Running between the ventral
growth-line sinuses are the diverging Iirae (Fig.7) typical of
specimens with ventral flares/spines.

Dimensions.

Kosmo. semistriata
lectotype, BSP AS
VII 552, PI.5.27,
Figs.16,17.
Kosmo. similis
lectotype, BSP AS
VII 544, PI.5.27,
Figs. 17,15.
Mbg 3133, figured
Schindewolf 1923a
pl.XVIII,fig.6,
PI.5027,Figs.13,14
MfN, PI.5027,Figs.
5,6.
Mbg, PI.5.27,Figs.
1,2.
Mbg, PI.5.27,Figs.
3-5.
MfN c595, PI.5.27
Figs. 5-9.

D ww WH Ru

15
5
3

7.2
2.7

13.2
8.5

23.5 10 7.8

23.9 6.911 ca40

20.5 9 7.2

19.4 8.1 5.0 6.1
15 6.2 4.1 4.5
17.1 7.2 4.5 5.5

29.0 12.7 7.2 9.4
22.5 9.5 6.2 7.6
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Family Cyrnaclymeniidae Hyatt 1884

Type genusl Cymaclymenia Hyatt 1884.
Diagnosis I Clymeniaceae with involute to subinvolute coiling,
discoidal shell form, concavo-convex or biconvex growth-lines, and
a suture comprising a weak ventro-Iateral lobe, an asymmetric
lateral lobe, and a dorsal lobe, at least, with no well defined
umbilical lobe~

Description I Shell form varies little within this family. Ribbing
concordant with the growth-lines is common, especially near the
umbilicus, and some species develop ventro-Iateral grooves.
Sutural variation within the family consists of the addition of
an internal lobe (within species all treated as Genuclymenia),
or a shallow ventral lobe (Kazakhoclymenia).

Included general
Cymaclymenia
Genuclymenia
Kazakhoclymenia
Laganoclymenia

Hyatt 1884
Wedekind 1908
BogoSlovskiy 1979b
Bogoslovskiy 1979b

Remarks I The diagnosis of this family may seem ambiguous. In
practice three genera (Cymaclymenia, Kazakhoclymenia and Lagano-
clymenia) are readily recognised by their distinctive box-shaped
pointed lateral lobe. Genuclymenia is included here because it is
considered to be ancestral to these three genera.

Horizon and distribution. Genuclymenia is known from the delphinus
and annulata Zones of the Rheinische Schiefergebirge, Oberfranken,
Kazakhstan and south eastern Australia. Cymaclymenia is widely
known from the Clymenia and Wocklurneria Stufen of the eastern USA,
western Europe, Urals, Kazakhstan, north Africa and Australia.
Kazakhoclymenia is known from the Clymenia Stufe of Kazakhstan
and Laganoclymenia from the Wocklurneria Stufe of the southern Urals.



Genus Genuclymenia Wedekind 1908

p 1908 Genuclvmenia gen. nov. - Wedekind, p. 617, (rest.
Hexaclymeni a) •

1914 Proto~cly!!!enia (Genuclymenia) Wedekind - Wedekind, p. 23.
p 1923a Genuclymenia Wedekind - Schindewolf, p. 432, (rest.

(Protoxvclymenia).
1929 Genuclvmenia Wedekind - Lange, p. 88.

p Proto~clymenia Schindewolf - Lange, p. 120.
1953 Genuclymenia Wedekind - Nalivkina, p. 120.
1957 Genuclymenia Wedekind - Schindewolf, p. lA4.

Type species. Genu. frechi Wedekind, by subsequent designation
of Schindewolf, 1957.
Diagnosisl Cymaclyrneniidae with subevolute coiling, and suture with
asymmetric lateral lobe.

Description. The whorl section is compressed, but quadrate in
some species, oval in others, with or without grooves running along
the midflank.
and rounded.

The venter is tabulate, flatly arched or narrow
Growth-lines are concave, concavo-convex, or biconvex,

with a deep ventral salient.
lines is common.

Ribbing, concordant with the growth-
The suture consists of a flat ventral saddle,

asymmetric lateral lobe, dorsal lobe, and an umbilical lobe may
be present to a greater or lesser degree.

Available species names include.

* frechi
angelini
borni
discoidalis
guernbeli
karpinskii

keepitensis

Wedekind 1908, p. 617, pl. XLIV, figs. 7,a.
Wedekind 1908, p. 617, pl. XLIV, figs. 6,a.
Schindewolf 1923a, p. 433, pl. XVII, fig. 4.
Wedekind 1908, p. 618, pl. XLIV, figs. 4,a.
Wedekind 1908, p. 618, pl. XLIV, figs. 5,a.
Perna 1914, p. 81, pl. III, figs. 18a,b, 19,
textfig. 8b.
Jenkins 1968, p. 536, pl. 104, figs. 1-4,
textfigs. 19,h.
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? QhilliQsi Wedekind 1908, p. 612, pl. XXXIX, fig. 26,
XLIII, fig. 6.

sulcata Nalivkina 1953, p. 120, pl. V, fig. 11.
h? tuberculata Nalivkina 1953, p. 112, pl. IV, figs. 8,a, 9.

Remarks I No newly collected in situ material was available, nor
were any species of Genuclyrnenia described by Munster. However,
several useful comments can be made about the genus.

Genuclymenia angelini
Genuclymenia angelini has a subevolute, subglobose, discoidal

shell form, with rounded flanks converging on a rounded venter.
Growth-lines are prorsiradiate, concave. The only suture for this
species was figured by Perna (1914, textfig. 4). Perna's specimen
has growth-lines which are less prorsiradiate than the lectotype
and therefore would be identified as Genu. aff. angelini. This
has a flat ventral saddle with extremely shallow ventro-Iateral
lobes on it, a deep asymmetrical lateral lobe, and a V-shaped dorsal
lobe.

Genuclymenia frechi
Genuclymenia frechi, the type species (e.g. Pl. 5.36, Figs. 12,

13, Textfig. 5.30B,C), has a more compressed shell form than Genu.
angelini, but it is more involute (WW!WH = 0.88, U/D = 0.34,
angelini WW/WH K 0.96, U/D = 0.36). Growth-lines are similarly
shaped but strong ribbing is present here, especially on the body
chamber. The suture, illustrated by Schindewolf (1957), when
compared with Genu~ angelini has an extra, incipient umbilical lobe
(Textfig. 5.30C).

Genuclymenia guembeli
Two specimens of Genu. guembeli (KW 2061,3) collected from

Wettmarsen and Enkeberg were available for study. These (Pl. 5.36,



400

Figs. 6,7,9-11) have a distinctive discoidal shell form) the whorl
section is compressed, quadrate (Textfig. 5.30H) with a tabulate
venter, and clear midflank grooves on the body chamber. Growth-
lines (Textfig. 5.30F) have the same course as on Genu. frechi,
but with a much deeper, broader ventral sinus. The suture is
typical for the genus (Textfig. 5.30G)o The species sulcata
Nalivkina and tuberculata Nalivkina (described originally as a
species Cyrtoclymenia, and hence a homonym of tuberculata Kind 1944)
are probably synonymous with~. guembeli, as all have a similar
ornament.

Genuclymenia karpinskii
One well preserved specimen from Enkeberg (DK 80D 4511.1) is

identified as Genu. aff. karpinskii (Perna). It has a shield-
shaped whorl section and weakly biconvex, prorsiradiate growth-
lines (Pl. 5.36, Figs. 14-16, Textfigs. 5.30I,J). The growth-
lines are periodically bunched into groups of six or seven forming
weak ribs, especially at the ventro-Iateral shoulder, although
these disappear near the presumed aperture, a half-whorl past the
last septum. The external suture is like that of other species of
Genuclymenia but there is an umbilical as well as a dorsal lobe.
This feature is also shown by Genu. karpinskii (Perna), but on this
the growth-lines have the prominent ventro-Iateral salient found
in other species of Genuclymenia, described above. Lange (1929)
described a specimen from Enkeberg, like that described here, but
assigned it to Protoxyclymenia cf. dunkeri (see above). Although
this particular specimen has not been traced it is probably identical
to the specimen illustrated in Pl. 5.36, Figs. 17,18, which was
collected by Paeckelmann in 1925 from his trench at Enkeberg.
Further discussion of these specimens can be found under Protoxy-
clymenia dunkeri.
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Genuclymenia borni
Schindewolf (1923a) described a new species, borni, from

Kirch-Gattendorf. The specimen he figured (pl. XVII, fig. 4)
cannot now be traced, but two specimens proposed as paralectotypes
are illustrated in Pl. 5.36, Figs. 1,2. These (Mbg 3123, 3122)
are small and poorly preserved, but show concavo-convex growth-
lines with a prominent ventro-Iateral salient, typical of other
species. .The validity of borni as a species is open to question
since it resembles Genu. angelini, although with so few specimens
available it is unwise to place them in synonymy.

Two specimens from WMschholZ, Oberfranken resemble no other
described species. One (KW 2066; PI. 5.36, Fig. 8, Textfig. 5.30n)
has a shell form compressed, quadrate whorl section and growth-
lines more typical of Platyclymenia, but it has an asymmetric
lateral lobe, which distinguishes it. The other (KW 2067; PI.
5.36, Fig. 5, Textfig. 5.30A), on which no suture has been observed,
has biconvex growth-lines and a flatly arched venter. It is

included here because of its close resemblance to ~. aff.
karpinskii.

The species phillipsi and tuberculata were both described as
having Cyrtoclymenia sutures, although these were not illustrated.
Therefore their inclusion within Genuclymenia is uncertain.

Dimensions I

n u ww WH

Genuclymenia frechi
KW 2095
Genuclymenia
guernbeli
KW 2061
KW 2063
Genuclymenia aff.
karpinskii

28.9
23.7

8.1
7.8

10.0
8.0 '

12.9
9.8

8.9
6.7

10.5
ca13

7.7
6.1

10.4
15.4
8.8
6.9

19.7
42.7
24.7
18.2

10.5



D U WW

Genuclymenia borni
Mbg 3122 17.2 6.1
Mbg 3123 ca18.5 ca 3.5
GenucI;z:meniaSPa
KW 2066, PI.5.36, 31 12.2
Fig. 8.
KW 2167, PI.5.36 6.5
Fig. 5.
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WH

11.8
12.2

Horizon and distribution. Most of the species of Genuclymenia were
established by Wedekind (1908), who stated that they came from the
delphinus and annulata Zones. Later (1914) he restricted their
range to III~ only. Schindewolf (1923a) suggested that Genu.
borni, collected from his 1.8m thick Bed 10 at Kirch-Gattendorf,
could be dated as IlIa. This section contained no Prolobites and
therefore no unequivocal indications of III~. The IlIa age was
arrived at by the co-occurrence in Bed 10 of Pseudoclymenia.

p. 1832
p. 1832
p. 1834
p. 1853
p. 1863
p.* 1884

p. 1887

p. 1897
p. 1908
p. 1908

p. 1913

Genus Cymaclymenia Hyatt 1884

Ammonites - von Buch, p. 179.
Planulites Parkinson - Munster, p. 13.
Clymenia MUnster - Munster, p. 75.
Clymenia MUnster - Sandberger, p. 191.
Clymenia MUnster - GUmbel, p. 144.
Cymaclymenia gen. nov. - Hyatt, p. 314 (rest. Bilo-
clymenia) •
Clymenia (Oxyclymenia) - Frech, p. 372, (rest.
Kosmoclymenia).
Clymenia Munster - Foord and Crick, p. 27.
Varioclymenia gen. nov. - Wedekind, p. 606.
0xyclymenia Hyatt ~ Wedekind, p. 621, (rest. Kosmo-
clymenia) •
Oxyclymenia Guembel - Frech, p. 8 (rest. Ornatoclymenia,
KOsmoClymenia).



Cymaclymenia Hyatt - Wedekind, p. 26
Miroclymenia gen. nov. - Schindewolf, p. 28.
Postclyrnenia gen. nov. - Schmidt, p. 153.
Cymaclymenia Hyatt - Wedekind - Schlosser, p. 6.
Cymaclymenia Hyatt - P~neau, p. 180.
Cvmaclvmenia - Delepine, p. 99.
Striatoclymenia gen. nov. - Matern, p. 95.
Cymaclymenia Hyatt - BBhm, p. 64.
Clymenia Hyatt - Schindewolf, p. 70,72.
Cymaclymenia Hyatt - Termier and Termier, p. 75.
Cymaclymenia Hyatt - Schindewolf, pl. 1.
Cymaclymenia Hyatt - Pfeiffer, PI~ VIII.
Cymaclymenia Hyatt - Lewowicki, p. 98, (rest. Ornato-
clyrnenia)•

1960 Cymaclymenia Hyatt - Selwood, p. 166.

1914
1923b
1924
1927

p.

1928
·1929
1931
1935
1949a
1950
1952
1954

p. 1959
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1960 Cymaclymenia Hyatt - Kullmann, p. 537.
1962 Cymaclymenia Hyatt - House, p. 280.
1963 Cymaclymenia Hyatt - House, pl. 4.
1981a Cymaclymenia Hyatt - Korn, p. 181 (see here for other

references to Cymaclymenia).

Type species. Planulites striatus Munster 1832, by original design-
·ation of Hyatt, 1884.
Diagnosis. Genus of the subfamily Cymaclymeniinae with a suture
(Textfigs. 5.31F-I) consisting of a flat ventral saddle with a
shallow ventra-lateral lobe, a distinctive, asymmetric quadrate
acuminata lateral lobe, an asymmetrical umbilical lobe centred
outside the seam, and a bell-shaped dorsal lobe.

Description. Shell coiling evolute to subevolute, umbilical widths
ranging in mature specimens from 20-45% of the diameter. Inner
whorls are evolute with a circular to compressed, quadrate whorl
section, becoming generally compressed in later whorls (the ratio
WW/WH varies from 0.5 to 1) with flattened slightly converging
flanks and a rounded venter, which in some mature examples becomes
tabulate, bounded by shallow ventra-lateral grooves. The impressed
area comprises 10-50% of the whorl height, and up to 70% of the
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preceding whorl may be enveloped.
Growth-lines are generally concave, weakly biconvex with a

sinus over the venter and a more or less prominent ventro-lateral
salient. Some species, however, have sickle-shaped growth-lines.
Ribbing, running parallel with the growth-lines, is common, especially
near the umbilical shoulder where weak bullate nodes may develop.
Strong concave asymmetric (steeper flank apicad) constrictions are
present on the body chambers of most species.

The sutural ontogeny (newly described here) and especially the
characteristic lateral lobe shape are best described by reference
to Textfigs. 5.31F-M. The eighth septum (the earliest seen) has
an asymmetric lateral lobe, which deepens and becomes quadrate,
finally developing its pointed tongue-like shape. Schindewolf
(1923b) demonstrated that the earliest septa of Cymaclymenia had a
ventrad siphuncle (Textfig. 4.2a).

Available species names have recently been listed by Korn
(1981a), who provided a comprehensive review of the genus. To
his list can be added several other nominal species.

cordata Wedekind 1914, p. 28, pl. II, figs. 12,13.
costata Wedekind 1908, p. 606, pl. XLIV, figs. 3,a.
sagittalis Phillips 1841, p. 125, pl. LIII, figs. 243a-c.
semistriata Munster 1832, p. 14, pl. III, fig. 4.
ser12entina Schmidt 1924, p. 131, pl. 7, fig. 3.
umbilicata MUnster 1832, p. 14.

Species described here are restricted to those encountered
in the MUnster COllections, and camerata Schindewolf, evoluta
Schmidt (= euryom12hala Schindewolf), lnvolvens Lange, the type
specimens of which have recently come to light in the Museum fur
Naturkunde, Berlin, and sagittalis Phillips.

Comparisons. The genera most similar morphologically to ~_
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clymenia are Kazakhoclymenia Bogoslovskiy 1979, and Laganoclymenia
BogoSlovskiy 197~ They can be 'distinguished by the presence of
a ventral lobe, and Laganoclymenia also has a characteristic lateral
lobe, with a very short ventrad flank (Textfig. 4.16).

Miroclymenia Schindewolf 1923b is a monospecific genus about
which little is, or can ever, be known. It was based on a single
juvenile (D = 15mm) specimen with a Cymaclymenia-type lateral lobe,
and a ventral lobe, and therefore resembling Laganoclymenia.
Schindewolf first considered (1924) Miroclymenia to be transitional
to Wocklumeria, although he later (1937a) modified his ideas and
regarded it as a '!g~ inguirendum'~. The type specimen was already
lost by 1937 (Schindewolf 1937a). If the genus is later shown,
by recollecting from the type area of Bohlen, Saalfeld, to be valid
then it should be treated as the senior synonym of Laganoclymenia.
Until then the type species, interpres, should be treated as a
nomen dubium and not used. Consequently the family name based upon
it (Miroclymeniidae Schindewolf 1924) and subsequently used by
Ruzhencev 1957, BogoSlovSkiy (1960, 1977, 1979, 1981) must fall or
be treated as a junior synonym of Cymaclymeniidae.

Cyrtoclymenia and Genuclymenia both have representatives with
a similar shell form and growth-lines to Cymaclymenia but they can
be distinguished by their sutures. Pseudoclymenia, a tornoceratid,
has an homeomorphic lateral lobe, but also has a deep narrow
ventral lobe, and a more evolute shell form.

Remarks I A major problem in the description of this genus is the
lack of a clear definition for·most, if not all, of the species.
Once this has been done an attempt must then be made to incorporate
the many specimens figured as striata MUnster into current c1assi-
fication. The comments below are confined to those species not
covered individually.
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The species sagittalis (Phillips 1841, p. 125, pl. LIII,
figs. 243a-c) collected from South Petherwin Cornwall, is now
considered to be a Cymaclymenia. The holotype (GSM 7176) is

subinvolute with a compressed whorl section and flattened flanks
(Pl. 5.37, Figs. 5,6). Ornament is not preserved but the polished
suture is clearly of the Cymaclymenia-type. No other known
Cymaclymenia has this characteristic, shell form.

Horizon and distributionl This is probably the most widely dis-
tributed clyrneniid genus. Examples are known from Clymenia and
Wocklumeria Stufen of south west England, France, Belgium, West
and East Germany, Poland, Austria, Italy, Algeria, Morocco, USSR
(Urals, Kazakhstan), Australia (New South Wales), USA (Ohio, Iowa).
Cymaclymenia evoluta occurs in the Hangenberg Schiefer of Westphalia
and is the youngest known clyrneniid.

Several authors (Wedekind 1908, 1914, Schindewolf 1923a,
Schmidt 1924) have asserted that Cymaclymenia occurs in the Platy-
clymenia Stufe. There is much circumstantial evidence to contra-
dict this, especially Brugge's (1973) study of the Platyclymeni a/
Clymenia Stufen boundary. Wedekind (1914) reported that the
species costata, which he had earlier (1908) described as a Vario-
clymenia, had a Cymaclymenia suture. This species had been coll-
ected from Bed 11, the "beds with Prolobites delphinus and Clymenia
. 1 t" .l.nvou a" a,e • delphinus Zone. Lange's (1929) account of the
Enkeberg faunas did not, however, confirm this occurrence.

Schindewolf (1923a) reported an unnamed species which he had
encountered in the Postprolobites Stufe of Ebersdorf, and in 1952
he recorded (p. 285) a "mi.xed" fauna comprising Cyrnaclymenia cf.
striata and Platyclymenia (Plat.) cf. annulata, which could be
considered as being from the annulata Zone.

Schmidt (1924) stated that Cyma. striata appeared in the
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annulata Zone, but did not provide any substantiating evidence.
Matern (1931) recorded Prolobites delPhinus and Cymaclymenia
compressa from Bed la of Trench I at Sessacker, which he considered
to represent III~ levels.

This review of occurrences of Cymaclymenia from the Platy-
clymenia Stufe demonstrates how circumspect these records are.
Korn (198~ accepted the records, but was unable to substantiate
them. The least that can be said is that it has still to be
shown unequivocably that Cymaclymenia occurs below the Clymenia
Stufe.

Three groups of species are distinguished by their ornament.
striata group, with lirate growth-lines varying in course from
concave to concavo-convex to biconvexJ dorsocostata group, with
blunt ribs; and costellata group, comrpising species where ribs
are formed by the bunching together of growth-lines. Cymaclymenia
aff. striata and Cyma. serpentina are intermediate in form between
the striata and costellata groups.

striata Group

Cymaclymenia striata (Munster 1832)
Pl. 5.37, Figs. 7-11, Textfigs. 5.31A-C, 5.32

* Planulites striatus - Munster, p. 14, pl. III, figs. 3a-c.
Clymenia striata Munster - Munster, p. 76, pl. III,
figs. 3a-c (translation of Munster 1832)

1843 Clymenia striatus Munster - MUnster, p. 9, pl. IlIa,
figs. 3a-c (copy of Munster 1832).

1832
1834

non 1981a Cymaclymenia striata Munster - Korn, p. 187, and all
the references contained therein.
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Type materiala A neotype, SM HI0414, in the Munster Collection,
Sedgwick Museum, from Schubelhammer, Oberfranken, is proposed here.
Remarks a No trace can be found of the type series, which consisted
of two specimens (MUnster 1833, p. 110), and even GUmbel figured
only a '~typische'~specimen (1863, p. 164). This same specimen
(BSP AS VII 545, Pl. 5.37, Figs. 12,13) was held by Korn (1981a)
to be MUnster's hOlotype. This designation is invalid on two
counts a firstly there can be no holotype since the type series
consisted of more than one specimen, and secondly the specimen

•could not even be proposed as the lectotype since it differs greatly
from Munster's (1832) figure (see below). A neotype is proposed
to rectify the situation, using a specimen from the type locality,
which greatly resembles the original figure.
Diagnosis. Cymaclymenia with concave prorsiradiate lirate growth-
lines numbering 16 per centimetre at a diameter of 35mm, an umbili-
cal width amounting to 35-40% of the diameter, a compressed whorl
section, the ratio WW/WH being between 0.55 and 0.65, with slightly
converging flanks and no ribbing.
Material a Three specimens from Schubelhammer were available for
study. two collected by MUnster, SM HI0414 and BM 81824 (formerly
81824a), and HU P82.20.

Description. The well preserved specimen from the Sedgwick Museum
(Pl. 5.37, Figs. 7-10, Textfigs. 5.31A-C) was sectioned, although
all but the last whorl appears to have been dissolved by stylotiti-
sation. The coiling is evolute, with the umbilicus amounting to
36-38% of the diameter at diameters between 20 and 40mm. The
whorls are compressed, with the greatest width at the umbilical
shoulder and flanks converging to a narrow rounded venter at a
diameter of 35mm. Earlier than this the venter is broader,
flatter, and the flanks less converging.

Growth-lines, expressed as distinct lirae, are widely spaced,
numbering ca 16 per centimetre at a diameter of 35mm. , They are

l

over into U-shaped ventral sinus (Textfig. 5.31C). Ribs are not
concave, prorsiradiate with a broad ventro-Iateral salient, curving

present externally, but the internal mould shows weak plicate ribs



running parallel with the growth-lines.
preserved through 1500•

The body chamber is

The suture is illustrated in Textfig. 5.31B, and the lateral
lobe is quadrate and pointed in the ventrad corner.

The specimen in the British Museum (NH) (Pl. 5.37, Fig. 11)
shows features exactly similar to the Cambridge specimen, but near
to the former aperture the growth-lirae are approximated, finer. and
the ventro-Iateral salient is more prominent.

Dimensions I

SM HI0414
D U WW WH A

40.2 13.9 ca10 14.9 10.1
35.8 13.5 7.9 13.7
25.6 9.8 6.3 9.1 6.8
18.8 7.1 4.4 6.7
33.6 12.3 13.2
50 16 9 18
38 11 17

BM 81824
MUnster 1832,
pl. III, fig. 3.

Remarks I There seems to be no specific description in the literature
which can be certainly referred to Cyrnaclymenia striata. Indeed
Schindewolf has already (1923a, p. 437) remarked that the specific
name has been used for anything with a Cymaclymenia suture (cf.
Kosmoclymenia undulata and Gonioclymenia speciosa). Such confusiOn
results, as ever, from the failure of previous authors to interpret
the species from its original description (MUnster 1832, p. 14),
which was (in translation).

The shell has wavy single well defined fine
striations, which run forwards in a circular curve
over the margin of the venter, and then curve
backwards as deeply. Examples (sica i.e. plural)
found as yet are 1~ inches in diameter and are the
same in shape and number of whorls as fl. costell-
atus. Also the lobe and saddle are little diff-
erent. It seems that this is only a juvenile of
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Pl. costellatus, which would later develop finer
striations and ribs.

The illustration provided by Munster is slightly at odds with
this description, especially the whorl shape, shown as compressed
with parallel flanks and a ratio WW/WH of 0.53, compared with 0.68
for the lectotype of the tabulate ventered costellata (see below),
with which similarity was alleged.

Discussion a There is little help from the literature in defining
this, the type species of Cymaclymenia. If only modern authors
(i.e. 20th century) are consulted agreement is still hard to find.

,Wedekind (1908) assigned a number of specimens to this species,
they possessed numerous weak ribs, but the growth-lines were not
preserved. Later (1914), Wedekind included these examples within
Cyma. costata, and recognised striata as being the species with
"flattened parallel flanks and a rounded venter". He considered
Munster' s figure to be "uncezuai.n" (although he claimed to have a
specimen from the Fichtelgebirge which closely resembled it) and
GUmbel's description to be inadequate. Wedekind identified none
of his Sauerland material as Cyma. striata.

Schindewolf(1923a) appears to have included a wide range of
forms within striata (see his synonymy). His definition ran
"narrowly umbi'ricate, flanks weakly curved and almost parallel,
compressed whorl section with whorl heighta whorl width ratio
greater than two". No photographic illustrations were provided
but there was a sketch of the whorl outline (fig. 17a), although
the specimen on which this was based cannot now be traced. The
dimensions of two specimens were provided in Schindewolf's account
and one was described as well preserved and from the Glass COllection
at Munich. A label identifies this, unnumbered specimen, at
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Munich but although it has similar dimensions (Pl. 5.39, Fig. 2)
it is certainly not well preserved, and has probably been labelled
in error.

Schmidt (1924) considered that he had seen over 300 examples
of ~. striata from the Sauerland, where it ranged "from the
annulata to Wocklumeria Zones". He stated that he interpreted
the species broadly,' in terms of whorl outline and ornament.
Neither of the two specimens he illustrated (1924, pl. 7, figs. 1,2)
resemble the species; that in fig. 1 has blunt ribs (Pl. 5.40,
Fig. 11) and is identified as Cyma. aff. costellata, and that in
fig. 2 has a prominent ventra-lateral growth-line salient (Pl. 5.40,
Fig. 7) and is identified as Cyma. aff.serpentina.

Lange (1929) did not recognise~. striata, which is remark-
able since he and Schmidt had available to them specimens from the
same sections and museum collections. Lange seems largely to
have ignored the Prussian Survey COllections in his accounts, and
referred only to his own material, which he named as Cyma. compressa
Munster, defined by GUmbel's (1863, pl. XVIII, fig. 6) illustration
of the species. However, it is more likely that identification
was based on a comparison with the figures of Cyma. cordata
Wedekind (1914, pl. 2, figs. 12,13) with which Schindewolf (1923a)
had placed Cyma. compressa in synonymy.

Matern (1931) followed Lange's usage of compressa, and intro-
duced a new generic name, Striatoclymenia, with striata Munster
as its type, incorrectly recognising GUmbel's usage of the group
name Cymaclymeniae as a valid genus, with £1. bilobata as its type
species. Matern then proceeded to argue that the species bilobata
should be included in Selloclymenia GUmbel which he then treated
(again incorrectly) as the senior synonym of Cymaclymenia. Later
an ICZN opinion (Opinion 182) invalidated GUmbel's group names,
giving authorship to Hyatt (1884).
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When Schindewolf described the more unusual elements of the
Wocklumeria Stufe clymeniid fauna (1937a) he avoided considerations
'of Cymaclymenia and unhelpfully included all forms except barbarae
and euryomphala within ~o striata. Korn (19S1a) has only
recently revised the genus Cymaclymenia, and it is necessary to
explain why his interpretation of the type species is discounted.
Korn's diagnosis runsl

shell more or less thinly discoidal, flanks flattened
converging Slightly towards the venter. Umbilical
width less than one quarter of the diameter in mature
specimens.
umbilicus.
mould.

Growth-lines biconvex, bunched near the
Many strong constrictions on the internal

His selection of BSP AS VII 545 as the holotype has already been
argued against above, and none of the specimens he figured resembles
Munster's original figure. The species as illustrated by Munster,
and defined here has lirate growth-lines which are more widely
spaced and lacking bunching near the umbilicus.

Korn figured a number of specimens to illustrate Cyma. ~triata

become bunched at a diameter of ca 3Omm. This last specimen and

(figs. Sc,d, 11a-h). Of these 11h is a juvenile, 11f,g have no
growth-lines preserved, 11e has bunched growth-lines, 11c,d is'the
lectotype of Cyma. semistriata, treated here as a separate species,
and ac,d has a tabulate venter and very fine growth-lines, which

11a (Korn's holotype of striata) and 11b are all treated here as
Cyma. aff. striata, since they have fine growth-lines (ca 65 per
centimetre on fig. Se at a diameter of 30mm, compared with 16 per
centimetre on the neotype, at a similar diameter). Their whorl
cross-sectional shape is unknown.

Comparisons. ~. aff. striata and eyma. camerata are similar



in shell form to Cyma. striata, but can be distinguished by their
growth-line frequency and therefore may warrant only subspecific
taxonomic status. Cyma. camerata also has a thicker whorl section
and a narrower umbilicus and Cyma. aff. striata has a narrower
umbilicus and slightly thicker whorl section. Most other species
of Cymaclymenia are ribbed. Clearly the lack of stratigraphic
control or large samples means that the possibility of this varia-
tion being encompassed by one population cannot be evaluated.

Horizon and distribution. This species is known only from Ober-
franken, and its stratigraphic position is uncertain.

Cymaclymenia affo striata (Munster 1832)
Pl. 5.37, Figs. 12,13,17-20

pv
pv

1863
1923a
1981a

Clyrnenia striata Munster - GUmbel, p. 144, pl. XV.
Cymaclymenia striata MUnster - Schindewolf, p. 437.
Cymaclymenia striata Munster - Korn, p. 187, figs. 8c,d,
11a,b, only.

v*

Material. Three specimens are included here, all collected by
Munster from Schubelhammerl BSP AS VII 545, UEN 92, and an unnumber-
ed specimen in the Museum fur Naturkunde, Berlin.

Description. These three specimens are discussed principally to
describe the poorly preserved specimen (BSP AS VII 545), which has
formerly been accepted as the type of striata (see GUmbel 1863,
pl. XVII, figs. la-cl Korn 1981a, p. 189).

This specimen (Pl. 5.37, Figs. 12,13) is large, weathered and
filed in parts to reveal the suture. The umbilicus amounts to
25% of the diameter at a diameter of 50mm, where the whorl section
is compressed and the ratio WW/WH is 0.70. A few biconvex growth-
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lines, in groups of 6 or 7 forming weak ribs, are preserved near
the aperture where they are biconvex and radial, with a broad mid-
flank sinus.

The other two specimens are little better preserved. That in
Berlin is embedded in matrix (Pl. 5.37, Fig. 20) the umbilical width
amounts to 30% of the diameter at a diameter of 50mm, although this
is infilled with matrix. The growth-lines numbering 30 per centi-
metre at a diameter of 50rnm,are biconvex, prorsiradiate, bunched
into groups of 5-6 near the umbilicus with the ventra-lateral
salient being prominent, whereas one whorl earlier the growth-lines

are biconvex, prorsiradiate, with a broad mid-flank sinus. No
further details are visible, except for the weak ribs on the internal
mould of the body chamber, near the ventra-lateral shoulder.

The final example (Pl. 5.37, Figs. 17-19) has most of its
shell weathered away. The umbilical width amounts to 28% of the
diameter at a diameter of 55rnm. The whorl section is compressed,
with a maximum width at the umbilical shoulder, flanks converging
to a narrow rounded venter, and a ratio WW!WH of 0.65. The growth-
lines, where visible, are biconvex, fine, clearly spaced and
bunched into groups of 4-5 near the umbilicus, with a deep V-
shaped sinus over the venter. Weak ribs are present on the inter-
nal mould over and near to the venter.

Dimensions I

BSP AS VII 545
MfN
UEN 92

D

49.6
50
55.8

U

12.3
15
15.2

ww
14.7

16

WH
21.1
21.5
24.8

A

17.3

Discussion I It is not claimed that these three specimens are
identical, merely that they bear similarities in shell and growth
line shape, which make it difficult to distinguish between them.
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Attention has already been drawn to the incorrect designation
of a holotype for Cyma. striata, by Korn (1981a). BSP AS VII 545
was the specimen he selected as the hOlotype, identifying it as the
one figured by GUmbel (1863, pl. XVII, figs. 3a-c) as "Clymenia
striata typische Form". Clearly this specimen does not resemble
Munster's original figure (1832, pl. III, figs. 3a-c). The type
series contained more than one example, so BSP AS VII 545 is reject-
ed as the holotype on two counts (see £vms. striata).

How much imagination GUmbel used in illustrating this specimen
can be seen by comparing the photographs with his figure. Virtually
a complete whorl's length of growth-lines, all with a deep mid-
flank sinus and shallow ventro-Iateral grooves have been added.
Indeed were it not for the resemblance in gross morphology, and the
parallelism in areas of shell removed to reveal the suture, and the
inscription in black ink on the specimen '~TXVII'~, it would be.
difficult to believe that they were based on the same original.
It is not surprising, therefore, that authors have experienced
difficulty in interpreting Cyma. striata.

Inclusion here of the specimens figured by Korn (1981a) has
been discussed above under~. striata.

Comparisons. Cymaclymenia striata has a similar shell and growth-
line shape, but the growth-line frequency is about one half of
that observed in this species.

Horizon and distribution. The specimens described here were collect-
ed in Oberfranken and the Sauerland. An horizon is known only for
Korn's specimens, namely the Wocklumeria Stufe.
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Cymaclymenia camerata Schindewolf 1923a
Pl. 5.37, Figs. 2-4, 14-16, Textfigs. 5.31D,E, 5.32

*vp 1923a Cymaclymenia camerata SPa nov. - Schindewolf, p. 441,
pl. XVII, fig. 6; fig. 17b, non pl. XVII, fig. 5.

non 1923b Cymaclymenia camerata Schindewolf - Schindewolf,
p. 25, figs. 1,2.

? 1929

Cymaclymenia camerata Schindewolf - Schindewolf,
p , 96, fig. 2.
Cymaclymenia camerata Schindewolf - Delepine, p. 99
pl. VI, figs. 1-3.
Cymaclymenia camerata Schindewolf - Petter, p. 49,
pl. VIII, figs. 15,a, figs. 5B'1'
Cymaclymenia camerata Schindewolf - Selwood, pl. 27,

non 1926

non 1960

non 1960
figs. 6,7.

1981a Cymaclymenia camerata Schindewolf - Korn, p. 200.

Type material. The specimen figured by Schindewolf (1923a, pl.
XVII, fig. 6), currently in the Museum fur Naturkunde, Berlin, is
proposed as the lectotype.
Diagnosis. Cymaclyrnenia with an umbilical width amounting to 30-
35% of the diameter, and a whorl width. whorl height ratio of 0.6-
0.8. The growth-lines are coarse, concave with a prominent ventro-
lateral salient, and number about 16 per centimetre at a diameter
of 25mm.

Description. Two specimens only were available for description.
the lectotype (MfN), from Bed 18, Kirch-Gattendorf (Schindewolf
1923a) and illustrated here in Pl. 5.37, Figs. 2-4, and SM HI0415,
from the MUnster COllection, Schube1hammer, illustrated in Pl. 5.37,
Figs. 14-16 and Textfigs. 5.31D,E.

Little can be added to the diagnosis. The whorl cross-
section (Textfig. 5.31D) becomes more compressed at greater diameters
and evolution decreases. The growth-lines, preserved only in the
ventral regions of the lectotype are figured from SM H10415 in
Textfig •.5.31E. They are concave, prorsiradiate with a prominent
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ventro-lateral salient, and a deep U-shaped ventral sinus.
The suture, unknown from SM H10415, and revealed by pOlishing

on the lectotype, is subdued and of little help in diagnosing the
species.

Dimensions I

D U WW WH
Lectotype, MfN 26 9.4 ca 9.5 11.4
pl.5.37,figs.2,3
Schindewolf 1923a 22.4 5.8 4.2 9.1
pl.XVII,fig.5 16.5 6.8 3.8 7.0
SM H10415 40.2 13.9 9 15.8

29.4 9.9 11.7

Remarks I Schindewolf (1923a, p. 426) diagnosed the species as
"narrowly umbilicate, involution ~ -~, without secondary sculpture
flankS curved and relatively depressed, V~ - VI" and (p. 441, fig.
17b) gave measurements for the specimen he illustrated in pl. XVII,
figo 6. This description fits only one of the examples illustrated
by Schindewolf hence its selection as the lectotype. The identity
of the other, more compressed specimen, which also lacks growth-
lines, is uncertain.

Discussion I Schindewolf used this specific name widely for examples
!
I

I
!

of Cymaclymenia, with a wider umbilicus than Cyma. striata, from
the uppermost Devonian of Oberfranken, Drewer and Elberfeld (1923b
figs. 1,2; 1926, fig. 2). Later Del~pine (1929) identified
Cymaclymenia camerata from the ~troeungt of northern France,
of these specimens were inCluded by Schindewolf (1937a) in the

All ,,, ,
: I
: 1, ,

species~. euryomphala, and I will follow his opinion because ! I
I
lno precise details of the material he described in 1923b and 1926

were ever published. Schindewolf (1937a, p. 14) discussed the
difference between striata, camerata and euryomphala nom. nov.
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(= evoluta of this account), "(in striata) ••• up to a diameter of
35mm the umbilical width and apertural height are equal, and then
the umbilical width increases to become equal to the whorl height.
The umbilical width of camerata is already equal to the whorl height
at diameters less than this". The other species, euryomphala,
was then described simply as '~widelyumbilicate".

Such narrow distinctions are not useful unless they can be
validated by statistical studies of populations. Whilst the
observations may be true for the specimens that Schindewolf saw,
actual documentation is lacking. Growth curves for various para-
meters are plotted in Textfig. 5.32. None seems of diagnostic
value in identifying species, except for the ratio U/D of ~.
involvens. Consequently, I have chosen to distinguish between these
three species on the basis of growth-line frequency. This criterion
suffers from the same drawbacks as the characters chosen by Schinde-
wolf, and would have to be validated by study of populations. It
does, however, seem an easier and less subjective means of dis-
tinguishing retween the few specimens at my disposal.

The specimen figured by Petter (1960) cannot be included here
because it has radial, biconvex growth-lines, and the specimen
figured by Selwood also has different growth-lines from £vms.
camerata, and is discussed below under Cyma. aff. serpentina.

Korn (1981a) described a single specimen which had the same
dimensions as the lectotype.

Horizon and distribution. The lectotype was collected by Schinde-
wolf from Bed 18 at Kirch-Gattendorf, which he considered to be in
Vf3.
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Cymaclymenia evoluta (Schmidt 1924)
Pl. 5.38, Figs. 10-13, Pl. 5.39, Fig. 3. Textfigs. 5.3lM-OJ 5.32

nom. 1§21 Cl. evoluta - Frech, p. 179, Footnote 2.
nudo
? 1921 cf. Pseudoclyrnenia - Schmidt, p. 294.
non 1923a Cymaclymenia camerata sp. nov. - Schindewolf, p. 441,

pl. XVII, figs. 5,6.
Cymaclymenia camerata ~ Schindewolf, p. 25, figs. 1,2.
Postclymenia evoluta Frech - Schmidt, p. 154, pl. 8,
figs. 19-21.

1926 Cymaclymenia camerata Schindewolf - Schindewolf,

'" .Cymaclymenia camerata Schindewolf - Delep~ne, p. 99,
plo 6, figs. 1-3.
Cymaclymenia euryomphala nom. nov. - Schindewolf, p. 14.
Cymaclymenia euryomphala Schindewolf - Paul, p. 656,
676, pl. 40, fig. 3, pl. 41, fig. 3.

1981a Cymaclymenia euryomphala Schindewolf - Korn, p. 201,
figs. 19b, 21.

v*
1923b
1924

? 1929

v
1937a
1939

p. 95, figs. 2a,b.

Type material' The specimen illustrated by Schmidt (1924) in pl.
8, fig. 19 is proposed as the lectotype, and that in pl. 8, fig. 21
as the paralectotype. Both are housed in the Museum fur Naturkunde,
Berlin.
Remarks. Schmidt (1924) listed a type series of 40 specimens, 14
from the Elberfeld area, and the remainder from Drewer. The
proposed type locality is the Ost Provinzial Steinbruch, Drewer,,and the horizon of the lectotype was given by Schmidt as "Etroeungt".
Diagnosis. Cymaclymenia with open umbilicus in early whorls,
becoming narrower after a diameter of ca 35mm and flattened almost
parallel flanks, tabulate venter and quadrate almost square lateral
lobe. Fine, closely spaced prorsiradiate convex growth-lines.

Description. Only three well preserved specimens are available
for description, the lectotype, the paralectotype and RE 551 734.5
A373, labelled as from "E

13
, Bed 21, obere Abschnitt, Ratingen,

Cromford", and figured by Paul, 1939, pl. 41, fig. 3. These three
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specimens are figured in Pl. 5.38, Figs. 10-13, Pl. 5.39, Fig. 3,
and Textfigs. 5.3IM-O. All are preserved squashed, in shales,
and the finer details of shell ornament etc. are no longer present.

The lectotype, selected because it shows a Cymaclymenia
suture, is visible on the bedding surface of calareous mudstone.
The umbilical width comprises 30% of the diameter and the whorl
height about 35%, at a diameter of 32mm. Growth-lines are not
preserved and the body chamber has a longitudinal crack on the mid-
flank caused by compaction of the shell. The polished sutures
were accurately represented by Schmidt (1924, pl. 8, fig. 19).

The paralectotype is slightly better preserved, with traces
of concave, prorsiradiate growth-lines remaining. There is a
ventro-Iateral salient over the ventrad part of the flank. The
umbilical width comprises 36% of the diameter at a diameter of
37mm. Coiling and whorl shape are visible on this relatively
uncrushed specimen (Pl. 5.38, Fig. 13) whorl height increases
rapidly and there is a shallow impressed area, the flanks are
flattened and converge gradually towards a flattened venter.

The specimen from Cromford (RE 551 734.5 A373) is preserved
as a distorted internal mould, and although no traces of ornament
are preserved the sutures are stillvisible. What is considered
to be the least distorted one is figured in Textfig. 5.3IM.

Another specimen (RE 551 734.5 A371), labelled as from Scharpen-
haus, north of Heiligenhaus, is preserved as an external mould on
a bedding surface of a brown/green weathering mudstone, was
considered by Paul (1939) to come from the same level (E~) as A373.
This large specimen, although totally flattened, shows the trace
of a suture at a diameter of 80mm. Beyond this biconvex, prorsi-
radiate growth-lines, similar in shape to those of the paralecto-
type, are preserved on the body chamber. This together with the
suture, are illustrated in Textfigs. 5.31N,O. The large size of
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the specimen and the subtriangular shape of the lateral lobe cause
this specimen to be identified as eyma. cf. evoluta.

Dimensions I

D U WH
Lectotype, MfN 32 11 11
PI.5.38,Fig.l0
Paralectotype, MfN 37.9 11 11
PI.5.38,Figs.12,13
RE 551 734.5 A373 41.8 12.9 16.8

28.8 8.2 16.8
RE 551 734.5 A371 80 22 34

Discussion. Firstly the contents of the synonymy list will be
explained, and then the nature of the species, especially as it was
envisaged by previous authors, will be discussed.

The first use of the specific name was by Frech (1902) who
simply stated "Eine eigenthumliche Clymenia (Cl. evoluta) bildet
in Belgien die einzige Ausnahme". Therefore the undescribed
Clymenia evoluta is a nomen nudum. No clymeniids were then known

/from Belgium, except for the note by Hebert (1848) of £1. undulata.
Schmidt recognised a ventral lobe on a specimen from Drewer

(1921) which he referred to cf. Pseudoclymenia (whose lateral lobe
and shell form are homeomorphic with Cymaclymenia). Later (1924)
he erected a monotypic genus Postclymenia, with the species evoluta
Frech as its type species, for what may have been the same specimens,
since both Postcl. evoluta and cf. Pseudoclymenia were recorded

,
from the Etroeungt of Drewer. However, Schmidt did not himself
place them in synonymy, and without seeing the material he mentioned
in 1921 one can never be certain.

Schmidt's use of the species evoluta Frech is totally lacking
in foundation, since that species was never described. Presumably
Schmidt considered any supposed occurrence of clymeniids in Belgium
to be from the Etroeungt and thus comparable with his new genus,



which, as the name may suggest, was similar to a clymeniid.
However, since Cl. evoluta Frech is a nomen nudum, and thus invalid,
and evoluta Frech sensu Schmidt was introduced in a different
genus, Postclymenia evoluta Schmidt then becomes a valid species
name, now recognised to be a Cymaclymenia.

Schindewolf (1937a), in an argument totally ignoring the
account of Schmidt 1924, proposed a new name, euryomphala, for
£1. evoluta Frech, which he regarded as a nomen nudum. He
obviously considered evoluta sensu Schmidt to be the same as his
understanding of evoluta Frech, because he chose a specimen illust-
rated by Schmidt (pl. 8, fig. 19) as the holotype of euryomphala.
A nomen novum can only be introduced as a new name to replace a
preoccupied name. Clearly this is not the relationship between
Cl. evoluta Frech and Postclymenia evoluta Schmidt, and will never
be, since Cl. evoluta Frech is invalid as nomen nudum. The sense
of Cymaclymenia euryomphala is preserved by selecting its holotype
as the lectotype for evoluta Schmidt. Unfortunately neither name
is apt since the ccUing and umbilical width alluded to by it are
not distinctive features (Textfig. 5.32).

Not so clear is the relationship between Cyma. camerata
Schindewolf 1923a and this species. Schindewolf (1923a) described
this species using material from Kirch-Gattendorf (see above).
Later (1923b) he described a protoconch, and then figured a suture
(1926), based on material collected from Drewer, from the same
horizon as that from which Schmidt had collected PostCI. evoluta.
Schindewolf assigned his and Schmidt's specimens to Cyma. camerata.

Cymaclyrnenia camerata Schindewolf 1923a is distinguished from
evoluta by its shell form and growth-lines, but~. camerata
Schindewolf 1923b, 1926 is placed in synonymy with Cyma. evoluta,
recognising that Schindewolf did not have available well preserved
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examples with growth-lines which he could compare with his Bavarian
material.

In 1929 Del~pine described a single poorly preserved specimen
as~. camerata. Although Schindewolf (1937a) placed this in
Cymao euryomphala its shell form is closer to Cyma. camerata.
No growth-lines were visible.

Horizon and distributiona This species is considered to be con-
fined to the Hangenberg Schiefer of the Rheinische Schiefergebirge.
The euryomphala Zone of Schindewolf 1937a, defined as the Hangen-
berg Schiefer of the Oberr8dinghausen railway cutting should be
renamed the evoluta Zone.

Cymaclymenia involvens Lange 1929
Pl. 5.38, Figs. 7,8,10, Textfigs. 5.31L, 5.32

v* 1929 Cymaclymenia :!nvolvens sp. nov. - Lange, p. 91,
pl. 2, figs. 23, textfigs. 23,4.

?non 1960 Cymaclymenia involvens (Lange) Petter, p. 47.
1979 Cymaclymenia involvens (Lange) - Korn, p. 53.
1981a Cymaclymen:!a involvens (Lange) - Korn, p. 194,

figs. 14-16.

Type materiala The hOlotype figured by La~ge (1929) is an un-
numbered specimen in the Museum fUr Naturkunde, Berlin. A para-
type (MfN) is proposed here, being the specimen upon which Lange
based his illustration of the suture of the species.

Description a Only the type material has been seen. The hOlotype
(Pl. 5.38, Figs. 7,8) has a compressed whorl section (WW!WH = 0.80)
and a narrow umbilicus, amounting to 33% of the diameter, at a
diameter of 21mm. The measurements given here for the hOlotype



424

differ considerably from those given by Lange, (but there can be
no question of the identity of the specimen since it was illustrated
by Lange). The flanks are flattened and converge on a broad,
rounded venter. The umbilical shoulder is angular, and the
umbilical wall steep and clearly developed.

The lirate growth-lines are well preserved on the shell of the
holotype, although they are not visible on the internal mould.
They have a shape which is not quite concave. Over the dorsad
half of the flanks they run radially or slightly convexly, and
then swing strongly forwards to form a ventra-lateral salient.
The growth-lines are grouped into threes over the radial portion
of their course, and form weak ribs near the umbilical shoulder,
especially at the maximum preserved diameter, where they are closer
together. Their frequency is 36 per centimetre at a diameter of
20mm. There is no major ribbing, nor is any ornament evident on
the internal mould. The suture is not visible on this specimen.

The proposed paratype is weathered and lacks shell. The
flanks are compressed and the venter narrow. The umbilical width
amounts to only 18% of the diameter at a diameter of 40mm. The
suture, with a relatively deep ventra-lateral lobe, is illustrated
in Textfig. 5.31L.

Dimensions I

D U WW WH
HOlotype, MfN 21 7 7 8.7
Holotype, fide 25 5 9.8 12.2
Lange 1929,p.91
Paratype, PI.5.38 41.2 7.1 15.5 20
Fig. 10

Remarks I Lange considered these two specimens to be conspecific
although it is difficult to see how he arrived at this decision
since they have no common features. Lange himself stated that the
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holotype was more widely umbilicate than the other seven specimens
he had available.

Discussion. Subsequent authors have experienced difficulties in
interpreting this species, not surprisingly. Schindewolf pointedly
avoided describing Cymaclymenia when he studied the Wocklumeria
Stufe faunas of the H8nnetal (1937a) and included most examples
with £ymg. striata.

None of the specimens assigned by Petter (1960) to this species
appears to resemble either of the type specimens. She gave the
dimensions of 10 specimens ranging in size from 22-44mm. These
had a ratio U/D ranging from 0.37 - 0.50, and WW/WH ranging from
0.84 - 0.80. Comparable ratios for the holotype and paratype
were 0.33 and 0.80, and 0.18 and 0.78 respectively. Therefore,
Petter's specimens are too consistently compressed and widely
umbilicate to be included within Cyma. involvens.

Petter described the growth-lines as being comparable to
those of the hOlotype. Such growth-lines are visible on the
specimen she illustrated in pl. 8, fig. 6,a, but those on the
specimen in pl. 7, fig. 10 are radial and biconvex. No other
specimens show the growth-lines. An example from Schubelhammer
(SM Hl038l), illustrated in Textfigs. 5.3lJ,K is comparable with
this latter specimen. A1so Petter was wrong to state that
Schindewolf (1937a) had regarded his earlier species (1923a Cyma.
ovata, .!!2!!!o nud.), described simply as having a "narrow umbilicus",
as synonymous with Cyma. involvens. He merely grouped Cyma.
striata, involvens and ovata loosely together.

Lately Korn (198la) has redescribed the species using 15
specimens from various localities in the Sauerland. He found
~. striata and involvens difficult to separate, and did so
graphi'cally (fig. 10) on the basis of the ratio WW/WH. Unfortunate-



426

ly the holotype of Cyma. involvens falls into the field for Cyma.
striata (described herein as Cyma. aff. striata). Korn's graph
does show, however, that the plots for the two "species" form a
"continuum". Also included in this species by Korn were examples
'lacking growth-lines (e.g. fig. 16c), a practice difficult to
justify.

Horizon and distribution. The hOlotyP~ was probably from the lower
Wocklumeria Stufe, at Burg, Wocklum, and Korn (1981a) has reported
the species from the Clymenia and Wocklumeria Stufen throughout the
Sauerland.

Cymaclymenia aff. barbarae (Loewinson-Lessing 1892)
Pl. 5.38, Figs. 1,2, Pl. 5.40, Figs. 1,2, Textfigs. 5.33I,J

aff.* 1892 Clymenia barbarae SPa nov. - Loewinson-Lessing,
p. 20, pl. 2, figs. la-c.

v 1929 Cymaclymenia barbarae Loewinson-Lessing - Lange,
p , 90, fig. 20.

? 1952 Clyrnenia cf. barbarae Loewinson-Lessing - Schindewolf,
pl. 1, fig. 1.

Type material. The type material was stated by Loewinson-Lessing
to be in Dorpat (= Tartu, Estonia). The specimen figured by him
is treated as the lectotype.
Material. An unnumbered specimen in the Museum fUr Naturkunde,
Berlin, from Melschede, figured by Lange (see above).
Diagnosis a Accepting Loewinson-Lessing's description, the diagnostic
features of Cyma. barbarae area a compressed shell form with flat
venter and almost flattened flanks with a faint mid-flank depression.
The growth-lines are weakly biconvex, with a broad shallow sinus
running across the whole flank, and a shallow sinus over the venter.
By contrast this species has growth-lines which are truly biconvex
and the mid-flank sinus occupies only one half of the flank.
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Description' The fragmentary portion of body chamber figured by
Lange conforms closely with the description and figure of Loewinson-
Lessing. The umbilicus, unknown to Loewinson-Lessing, although
incomplete appears to be very narrow. No suture can be seen.

Remarks, Two further specimens are identified as Cymaclymenia
aff. barbarae. The first (KW 2084) illustrated in PI. 5.38,
Figs. 1,2, and collected from a level in the subarmata Zone at
Reigern (Bed 33), has a similar shaped but broader whorl section,
a narrow umbilicus (U/D is 0.23) and weakly biconvex growth-lines,
which are bunched to form weak ribs, especially near the umbilical
shoulder.

A second, smaller unnumbered specimen (Pl. 5.40, Figs. 12,13)
in the Museum fur Naturkunde, Berlin, collected by MUnster from
SchUbelhammer, also has a similar shell form. On this the lirate
growth-lines are concave, prorsiradiate bunched to form weak ribs
but with a deeper mid-flank sinus. There is a broad U-shaped
sinus on the venter. The ribs are expressed as weak tubercles
around the angular ventra-lateral shoulder.

Dimensions I

D U ww WH
Loewinson-Lessing
1892, p. 20.
MfN, PI.5.40,Figs.
1,2.
MfN, PI.5.40,Figs.
12,13.
KW 2084

45 11 16

10.3 19.5

24.8 6.5 6.9 8.2

47.2 10.8 21.9

Discussion. Grouped here are a number of specimens with one
common feature, a broad tabulate venter. The specimen most
similar to ~. barbarae is that from SchUbelhammer with a close
shell form and growth-line shape. The tabulate venter appears,
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however, to be developed only in the last half whorl of this
specimen. Where the venter is rounded it would be difficult to
distinguish this specimen from~. camerata.

The distorted specimen from the Wocklumeria Stufe of Bohlen,
Saalfe1d which Schindewolf (1952) figured is difficult to evaluate.
No growth-lines are visible in the illustration, nor was the specimen
described. It appears to have a flattened venter, and thus may
belong here.

~. aff. barbarae (i.e. barbarae sensu Lange) has biconvex
growth-lines, rather than convex, and a narrower umbilicus and
KW 2084 probably represents a well preserved example of this
specimen.

Horizon and distribution. Lange stated that his specimen came from
v~, and KW 2084 comes from the subarmata Zone. The horizons of
the other specimens discussed are unknown.

Cymaclymenia sp, !!
Pl. 5.39, Figs. 4-6, Textfigs. 5.33L-N, 5.34

Cymaclymenia warsteinensis sp. nov. - Korn, p. 55,
pl. 1, figs. 5,6a,b (non figs. 4a-c), non fig. 2.5,
non fig. 3.6.

P 1981a Cymaclymenia warsteinensis Korn - Korn, p. 194, figs.
13c-e (non figs. 13a,b) fig. 12a (non figs. 12b,c).

pv* 1979

Material. Besides exam~n~ng numerous specimens in Korn's own
cOllection there were two more available for study. These are
HO P82.5 (Pl. 5.39, Figs. 4-6, Textfigs. 5.33L,M), from Effenberg,
and 8M H7534 (Pl. 5.39, Figs. 1,7,8, Textfig. 5.33N) collected by
MUnster, from SchUbe1hammer, Oberfranken.
Diagnosis I Cymaclymenia with narrow umbilicus amounting in mature



specimens to 25% of the diameter, compressed whorl section with
converging flanks, and narrow rounded venter, and fine Closely
spaced concave prorsiradiate growth-lines.

Description I The specimen from Effenberg is evolute, with an
umbilical width decreasing from 40% of the diameter in early whorls
to 27% of the diameter at 15mm. The whorl section (Textfig. 5.33L),
subcircular in early whorls, quickly becomes compressed with a
maximum width near the umbilical shoulder, and flanks converging on
a narrow rounded venter. The growth-lines (Textfig. 5.33M) are
prorsiradiate, concave, with a prominent ventro-Iateral salient
and a deep U-shaped ventral sinus.

The larger specimen, SM H7534, has a similar whorl section
(Pl. 5.39, Figs. 1,7,8, Textfig. 5.33N) and Concave growth-lines
numbering 20 per centimetre, are still present at the maximum
diameter of 36mm, suggesting that their shape does not change in
more mature'specimens. The suture of neither specimen is known.

Dimensions I

SM H7534
HU P82.5

D U WW WH
36 7.8 6.6 9.2
13.9 3.88 3.72 6.18
8.95 2.81 2.50 3.81
5.82 .2.05 1.76 2.36
3.74 1.56 1.24 1.41

17.4 4.8 5.2 7.7
10.8 3.4 4.0 4.6

A

4.46
3.11
2.06
1.41

GPI 62-3, ~
Korn 1981a,p.193

Discussion. The specimen described here in detail was collected
from Effenberg and identified by Korn as Cyma. warsteinensis.
Nearly all of the paratype material of Cyma. warsteinensis, includ-
ing the figured specimens, came from this same locality. None of
these specimens, however, resembles the holotype of eyma. warstein-
ensis, which was collected from Bilsteinh8hle (see Chapter 7) and
is assigned to~. semistriata (see below). The principal



"'430

differences between the two species lie in the whorl cross-sectional
shape and growth-line form.

The specimen from the MUnster Collection at Cambridge was
associated with the label Cl. ·plana. According to MUnster (1832)
this variety had an almost smooth shell and was illustrated (pl.
III, fig. 5) with concave, prorsiradiate growth-lines. The
illustrated specimen cannot now be traced. GUmbel (1863, pl. XVIII,
fig. 3a,b) figured another example (possibly the original, although
this was not stated) which, by contrast, had biconvex, rursiradiate
growth-lines. In the absence of any convincing type material and
recognising that MUnster's description and figure are brief and
ambiguous, Planulites planus MUnster 1832 is considered a nomen
dubium.

Horizon and distribution. Specimens are known from the Sauerland
and Oberfranken, and according to Korn the species was encountered
in the subarmata Zone.

Cymaclymenia sp. b
Pl. 5.42, Figs. 3,7,8,10,11, Textfigs. 5.33E-G

Material. SM HI0406, collected by Munster from Schubelhammer,
Oberfranken, labelled as Cl. semistriata.
Diagnosis. Cymaclymenia, lacking strong ribs, with an umbilicus
amounting to 25% of the diameter, and having fine closely spaced
(45 per centimetre) concave prorsiradiate growth-lines, at a dia-
meter of 30mm.

Description. This specimen is illustrated in Pl. 5.42, and Text-
figs. 5.33E-G. The shell form is compressed with flanks converging
from a maximum width at the umbilicus towards a rounded venter.
The internal mould of the venter is bounded by shallow grooves,by



a diameter of 30mm. At a diameter of 45mm the ratio'U/D and WW/WH
are 0.25 and 0.66, respectively.

The growth-lines are concave, prorsiradiate, with aU-shaped
sinus over the venter. They number 45 per centimetre at a diameter
of 30mm, and are bunched into groups of 5 or 6 near to the umbilical
shoulder, forming very weak ribs which run slightly forwards, but
not far enough to be considered as biconvex.

The body chamber is preserved through 100°, and the presence
of a wrinkle-layer keel on the venter, and umbilical seam suggest
that it formerly extended to 180°. Four concave asymmetric
constrictions are visible on the body chamber. They diminish in
depth and have their steeper flank towards the former aperture.
The suture is illustrated in Textfig. 5.33F.

Dimensions"
D U WW WH A

SM H10406 43 10.3 12.6 19.1 13.6
28.8 7.67 8.7 13.6 9.5
19.7 5.82 5.16 8.2 5.82

,Comaprisonsl Cyma. aff. serpentina is the most similar species.
This has truly biconvex growth-lines and the apex to the ventro-
lateral salient lies on the flank, rather than on the ventro-
lateral shoulder.

Horizon and distribution I Only this specimen, presumably from the
Clymenia Stufe of Schubelhammer, is known.

Cymaclymenia serpentina Schmidt 1924
Pl. 5.40, Figs. 14,15, Textfig. 5.33K

* 1924 Cymaclymenia striata var. serpentina var. nov. - Schmidt,
p. 131, pl. 7, fig. 3.
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Type material. The specimen figured by Schmidt has not been located
in Berlin, its stated repository.
Material. A single unnumbered,distorted specimen in the Munster
Collection at the University of Erlangen-Nurnberg.
Diagnosis. Cymaclymenia with narrow umbilicus amounting to 25%
of the diameter at a diameter of 45mm, and strongly biconvex,
sickle-shaped growth-lines with a prominent rounded ventra-lateral
salient.

Description' Illustrated in Pl. 5.40, Figs. 14,15 is the single
specimen assigned to this species. It clearly shows the narrow
umbilicus, steep umbilical walls and well defined umbilical. shoulder.
The flanks are flattened and converging and the venter flattened
also. The sickle-shaped growth-lines are illustrated in Textfig.
5033K.

Discussion. The specimen Schmidt figured was from Dasberg, yet
this locality was not listed in his account of the species which
mentions Ullendahl, Beil and Wildungen.

Comparisons. No other species of Cymaclymenia has such a prominent
rounded ventra-lateral salient. Cymaclymenia aff. serpentina,
described below, has an angular salient whereas here it is rounded.

Dimensions I

D

UEN, PI.5.40,Figs.
14,15.

32.3 5.3
ww
10.4

WHu

15.7

Horizon and distributionl Schmidt's specimens probably came from
the Clyrnenia Stufe, especially the specimen he reported from Beil,
where no levels higher than the middle Clymenia Stufe are known.



Cymaclymenia aff. serpentina Schmidt 1924
Pl. 5.40. Figs. 6,7

1960 Cymaclymenia cordata Wedekind - Selwood, pl. 27, fig. 5.

Material. An unnumbered specimen in the Museum fur Naturkunde,
Berlin, collected by Denckmann from Langenholthausen, and figured
by Schnddt (1924. pl. 7, fig. 2).'
Diagnosis. This specimen is distinguished by its narrow umbilicus
amounting to only 25% of the diameter at a diameter of 35mm, and
biconvex growth-lines. with a prominent angular ventro-Iateral
salient.

Description. Little can be added to the diagnosis of this specimen,
illustrated in Pl. 5.40, Figs. 6,7. Growth-lines are closely
spaced, numbering about 80 per centimetre at a diameter of 35mm,
and are bunched over the low ribs formed near to the umbilicus.

Dimensions.
D u ww WH

Pl.5.40,Figs.6,7. 35.7 8.4 ca12 16

Discussion. This specimen closely resembles the specimen figured
by Selwood (1960, pl. 27, fig. 5), recorded as from the lower
faunal division (endogona Subzone) of the Wocklumeria Stufe.

Horizon and distribution. The species is known only from the two
occurrences mentioned above.
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dorsocostata Group

Cymaclymenia dorsocostata (Munster 1840)
Pl. 5.39, Figs. 16,17

v* 1840 Clymenia dorsocostata SPa nov. - MUnster, p. 93, pl. XVI,
figs. Sa-b.
Clymenia dorsocostata MUnster - GUmbel, p. 146, pl. XVIII,
figs. 4a-c (refiguring of the hOlotype).
Cymaclymenia dorsocostata Munster - Schmidt, p. 288.
Cymaclymenia dorsocostata MUnster - Schmidt, p. 131.
Cymaclymenia dorsocostata MUnster - Korn, p. 202, figs.
22a,b,c (refiguring of the holotype).

pv 1863

? 1921
1924
1981a

Type materiall . The single specimen, BSP AS VII 557, collected by
Munster (1840) from Schubelharnmer, is identified as the holotype.
Diagnosis. Coarsely ribbed Cymaclymenia, with a compressed whorl
se~tion, umbilical width amounting to 30% of the diameter, and
weakly concave, prorsiradiate growth-lines with a shallow sinus
over the venter, parallel to which run coarse ribs.

Description I Only the hOlotype (BSP AS VII 557) is known to me.
This is a relatively large, but poorly preserved specimen. Between
diameters of 27 and 37mm it has an umbilical width amounting to
30% of the diameter. During the last half-whorl preserved the
ratio WW/WH decreases from 0.8 to 0.6, as the body chamber becomes
more compressed.

Growth-lines,described above, are visible only on a small
area of shell at a diameter of ca 28mm. Weak ribs are present on
the flanks, parallel with the concave growth-lines, and during the
last half whorl these become much stronger near the ventro-Iateral
shoulder (where some appear to bifurcate), and over the flatly
rounded venter. There is a shallow ventral sinus. The ribbing
is equally prominent on the internal mould and shell.
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The pOlished suture is identifiable only as of the Cymaclymenia-
type.

Dimensions I

D u ww
10.2
9.1

WH A

Holotype, BSP AS
VII 557

37.7
27

ca11.5
9.8

ca17
11.1

13

Discussion. This specimen is interpreted as the holotype since it
resembles Munster's figure (although reversed). The shallow
furrows marginal to the venter as present in GUmbel's figure 4b
are not visible.

The specimen mentioned by Schmidt was not large enough for
him to certainly assign it to this species. The only other
'example of the species was figured by Korn (1979, 198~ fig. 22c)
where in ventral view ribs with a shallow sinus can be seen.

Horizon and distribution. The holotype comes from an unknown level
at Schubelhammer, Oberfranken, and Korn's specimen came from the
lower Wocklumeria Stufe at Effenberg.

Cymaclymenia semistriata (Munster 1832)
Pl. 5.39, Figs. 9-15,18,19

~) 1832

v* 1832

Ammonitessemistriatus SPa nov. - von Buch, p. 179,
pl. III, fig. 12.
Planulites striatus var. §emistriatus SPa nov. - Munster,
p. 14, pl. III, fig. 4.

1834 Clymenia striata var. semistriata MUnster - Munster,
p. 76, pl. III, fig. 4 (translation of Munster 1832).

1843 Clymenia striata var. semistriata MUnster - Munster,
p. 39, pl. IlIa, fig. 4 (copy of Munster 1832).

vp 1863 Clymenia striata MUnster - GUmbel, p. 145, pl. XVIII,
fig. 5.
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p 1979 Cymaclymenia warsteinensis sp. nov. - Korn, p. 55,
pl. 1, figs. 4a,b, figs. 2.5, 3.6, only.

p 1981a Cymaclymenia striata MUnster - Korn, p. 187, fig. 11c,d
(refiguring of the lectotype).

p 1981a Cymaclymenia warsteinensis Korn - Korn, p. 192, figs.
13a,b, only.

Type materiala BSP AS VII 560, collected by Munster from Schubel-
hammer, Oberfranken, is proposed as the lectotype.
Diagnosis I Cymaclymenia with compressed shell form, subparallel
flanks, umbilical width amounting to 27% of the diameter in mature
specimens, and widely spaced concave growth Iirae which are visible
at the ventro-Iateral shoulder, and form a U-shaped sinus over the
flattened venter.

Description I Three specimens are available for description, the
lectotype, BSP AS VII 560, SM H10416 and an unnumbered specimen in
the Museum fur Naturkunde, Berlin. All were collected by MUnster
from Schubelhammer, Oberfranken.

The lectotype (Pl. 5.39, Figs. 18,19), described in detail in
the diagnosis, is a poorly preserved internal mould, one side is
entirely lacking in ornament and the other filed in parts to reveal
the suture, has only a few remnants of featureless replaced shell
remaining. The shell form is evolute, with the ratio U/D amounting
to 0.27 at a diameter of 38rom. The whorl section is compressed
with subparallel flattened flanks, and a flattened venter. Traces
of ornament remain only on the internal mould of the body chamber,
itself just over 1800 in length. Near the ventro-Iateral sho~der
there are impressions of the ventro-Iateral salients of apparently
rib-like, concave growth-lirae. These continue to form aU-shaped
sinus over the venter. Running over the flanks are a number of
chevron shaped asymmetric grooves, constrictions of the body chamber
caused by thickening of the shell. These are more closely spaced
in the last quarter whorl, which feature is taken to indicate that



this particular specimen was approaching maturity.
The other two better preserved specimens are smaller than the

lectotype (Pl. 5.39, Figs. 9-15). Both specimens are evolute with
an umbilical width amounting to 35% of the diameter, at a diameter
of 20mm. The compressed whorl section of SM Hl04l6, with rounded
converging flankS and rounded venter is illustrated in Textfig.
5.33D.

Widely spaced concave prorsiradiate growth-lines, developed
as rib-like lirae, with a prominent ventro-Iateral sinus (Textfig.
5.33A), number seven per centimetre at a diameter of ca 20mm on
the internal mould, near to and over the venter, and shallow broad
ribs are visible near the umbilicus, especially on the larger Berlin
specimen. The body chamber of both specimens exceeds 1800 in
length, and over the last quarter of the whorl the growth-lirae
become less pronounced, and approximated, with a more prominent
ventro-Iateral salient.

Sutures are visible on both specimens, that of SM Hl04l6 is
shown in Textfig. 5.33C, and is characterised by a high ventral
saddle and a pointed triangular lateral lobe. By contrast the
lateral lobe of the Berlin specimen appears more quadrate, with
parallel sides.

Dimensions I

D U WW WH A
BSP AS VII 560 38.4 calO.2 ca 9.8 ca17.4 ca12lectotype.
SM HI0416 26.0 9.5 7.3 10.1

18.8 7.0 5.9 7.4
MfN PI.5.39,Figs. 22 ca7.9 5.3 7.9
9,10.

Comparisons. These specimens, each differing slightly (see below)
,

closely resemble~. dorsocostata, but differ from it by lacking
fine growth-lines between the rib-iike lirae, and have a relatively
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deeper ventral sinus.

Discussion. The obvious similarity between these three specimens,
and the main reason for grouping them together, is the shape and
rib-like nature of the coarse growth lirae, especially in the way
they are expressed on the internal mould near to and over the venter.
There are differences between the specimens, noticeably the presence
of constrictions, the more closely spaced growth-lirae, and the
narrower umbilicus on the lectotype. These, however, may all be
explained by its greater size.

Cymaclymenia warsteinensis is probably synonymous with this
species. Korn (1979, 1981a) introduced the name using as his
holotype a specimen from Bilsteinh8hle, preserved as a silicified
internal mould, lacking growth-lines. His illustrations show that
it closely resembles SM H10416. There are closely spaced ribs/
lirae visible only near to and over the venter, with a moderately
deep ventral sinus.

Korn examined only two specimens from the type locality (1979,
p. 55), but all of his other paratype material (15 specimens) came
from Effenberg.

.
This material (see Cyma. sp. ~ above) was pre-

served complete with shell, showing fine closely spaced concave
growth-lines numbering about 40 per centimetre on the venter at a
diameter of ca 15mm (1981a, fig. 13c,d). By contrast the hOlotype
(1981a, fig. 13b) has only about 15 ribs/lirae per centimetre at a
similar diameter. Such a frequency is comparable with that on the
specimens from SchUbelhammer described above.

Growth curves for £¥ma. sp. ~, dorsocostata, semistriata and
warsteinensis are plotted in Textfig. 5.34. Here the hOlotype
of £¥ma. warsteinensis plots consistently in the fields occupied
by~. dorsocostata and semistriata, and the paratype (GPI 62.3,
the only one for which measurements are available) plots with Cyma.
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sp. S.

Elsewhere (Korn 1981a) included the lectotype of Cyma. semi-
striata in synonymy with Cyma. striata. However, the nature of
the growth-lines and the more compressed shell form distinguish it
from both £.v!!@. striata sensu Korn and Cyma. striata, as it is
redefined here.

Horizon and distribution. The horizon of the material collected
by Munster is unknown. Korn stated (1981a) that the holotype of
Cyma. warsteinensis came from the subarmata Zone.
known from the Sauerland and Oberfranken.

Specimens are

costellata Group

An introduction to the taxonomic maze of the remaining ribbed
species of Cymaclymenia is necessary. The fOllowing specific
names have been used in this context. costellata Munster, compressa
Munster, costata Wedekind, cordata Wedekind, and, of course, striata
Munster. The first name, established in 1832, had lain dormant
until revived by Korn (1981a). It is believed that a lectotype
has been identified for this species, and it is duly described
below.

Wedekind established costata as a species of Varioclymenia in
1908. Later (1914) he recognised that it was a Cymaclymenia.
The lectotype (proposed here), from the delphinus Zone at Enkeberg,
was figured by Korn (1981a, fig. 6d), and it appears to closely
resemble costellata. In 1914 Wedekind established cordata,
another species of Cymaclymenia, for examples from the Clymenia
Stufe, which in contrast to costata had biconvex growth-lines, a
narrower lateral lobe and a higher ventral saddle. He considered



~440

them both to be distinguished from~. striata var. costellata by
their ribs, which were confined to the umbilical region. Type
material for cordata cannot now be traced. The better preserved
specimen which he figured (pl. II, figs. 13a-c) is proposed as the
lectotype. This was collected by Torley from Hovel. Torley's
Collection passed on his death to several museums and a search at
two of these, Ruhrland Museum Essen and Staatsmuseum Menden, revealed
a single specimen labelled as cordata (RE 551 734.5 A131/2J Pl.
5.40, Fig. 9) and this seems indistinguishable from the lectotype
of cordata.

Schindewolf (1923a) revised the species of Cymaclymenia and
placed costellata and striata in synonymy in his group 1.1.
Characterised by lack of ribbing, cordata was put in synonymy with
compressa, using as an example of that species a specimen figured
by GUmbel (1863, pl. XVIII, figs. 6a-c).

Subsequently Lange (1929), Matern (1931) and Korn (1979) have
all used compressa as the valid senior synonym of cordata Wedekind.
However, a careful reading of Munster's and Schindewolf's accounts
shows that this was an incorrect decision.

Munster's figure (1832, pl. 1, figs. 4a-c) shows a compressed
subinvolute specimen with a Cyrtoclymenia-type external suture, and
his description confirms this impression. .GUmbel (1863) failed
to discuss the smaller specimen he figured as compressa, shown
with a Cymaclymenia suture (pl. XVIII, fig. 6). Later Schindewolf
(1923a) stated that a comparison between compressa and cordata was
difficult. He aCknowledged that there were major differences
between the interpretations of MUnster and GUmbel, but explained
these away as MUnster's errors,and then proceded to find errors in
the way GUmbel had figured the specimen. Today, neither MUnster's
nor GUmbel's specimens can be located.



Clearly the correct interpretation of this conflicting account
is to regard Planulites/Clymgnia compressus/a MUnster as ?Cyrto-
El~enia sp. and a nomen dubium, since there is no tra~e of type
material. Clymenia compressa GUmbel is simply a junior homonym
of £1. compressa MUnster, and thus invalid.

Korn considered that he had identified the hOlotype of compressa
in Munich.
label, but like GUmbel etc. I thought none resembled MUnster's

I saw there three specimens associated with a compressa

figure. Regardless of the fact that Korn's hOlotype had neither
whorl outline, nor sculpture preserved, he placed it in synonymy
with costellata, with which opinion I cannot concur.

Inconclusion, there are three valid specific names for ribbed
species of Cymaclymenia,costellata, costata and cordata, of which
the first two are considered as synonyms, and the third less well
known species may be so too.

v* 1832

Cymaclymenia costellata (Munster 1832)
Pl. 5.40, Fig. 11, Pl. 5.41, Figs. 1,2,7-13

Planulites striatus var. costellatus sp. nov. Munster
p. 13, pl. III, figs. 2a-c.

1834 Clymenia striata var. costellata MUnster - Munster,
p. 75, pl. II, figs. 5a-c (translation of Munster 1832).

1843 Clymenia striata var. costellata MUnster - Munster,
p. 9, pl. IlIa, figs. 2a-c (copy of MUnster 1832).

Cyrnaclymenia COStata Wedekind - Wedekind, p. 26, pl. II,
fig. 14, pl. V, figs. la,b.
Cymaclymenia cordata sp. nov. - Wedekind, p. 28, pl. II,
figs. 12,13.

Clymenia striata MUnster - GUmbel, p. 144, pl. XVIII,
figs. 2a-c (refiguring of the hOlotype).

1908 Varioclyrnenia costata sp. novo - Wedekind, p. 606,
pl. XLIV, fig. 3.

vp 1863

1914

? 1914



p 1923a
1924
·1929
1931
1981a

Cymaclymenia striata Munster - Schindewolf, p. 437.
Cymaclymenia striata MUnster - Schmidt, pl. 7, fig. 1.
Cymaclymenia compressa MUnster - Lange, p. 89.
Striatoclymenia compressa MUnster - Matern, p. 96.
Cymaclymenia costellata Munster - Korn, p. 185, figs.
6a,b (refiguring of the hOlotype).

?

?

Type materiall BSP AS VII 546 from Schubelhammer, Oberfranken, is
recognised as the holotype.
Remarks I Munster's catalogue (1833) lists only one specimen of
this species. The holotype is clearly the same specimen as that
upon which GUmbel's figure was based, and is of the same size as
MUnster's figure, and thus taken to be the same specimen.
Diagnosis a Cymaclymenia, which by a diameter of 50mm has an umbilical
width amounting to 25-30% of the diameter, whorl heightlwhorl width
ratio of approximately 0.65 and pronounced, concave ribs which are
strongest near to the umbilicus, and tabulate venter bounded by
shallow grooves.

Description I The hOlotype (Pl. 5.41, Figso 7,8,10,11) at a diameter
of 50mm has an umbilical widthldiameter ratio of 0.27, and a whorl
widthlheight ratio of 0.67. Earlier whorls are not visible.
Ornament is poorly preserved. A small area of shell at a diameter
of ca 40mm shows closely spaced, concave, lirate growth-lines,
which are bunched to form weak ribs present only on the umbilicad
portion of the flanks. The ventro-Iateral salients are prominent.
The ornament is modified on the half whorl of body chamber, where
ribs are visible on the internal mould, running right across the

quarter whorl. Faint impressions of the lirae can be seen on the
flank. The ribs are broader and more widely spaced on the last

internal mould of the body chamber at the ventro-lateral shoulder
and one can be traced as a shallow sinus over the venter. The
venter, rounded on the phragmacone, becomes tabulate on the body
chamber, and bounded by shallow grooves.

An unnumbered specimen in the Museum fur Naturkunde, Berlin,
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(Pl. 5.40, Fig. 11).collected by Denckmann from Wettmarsen, and
figured by Schmidt (1924, pl. 7, fig. 1) can be included in this
species. This shows concave ribs on the 'internal mould of a body
chamber, which develops a tabulate venter. It also shows what
may have been an apertural modification, where at the maximum
diameter preserved, there is a concave prorsiradiate constriction
followed by a ridge, representing a groove in the former shell, or
a widening of the aperture, extended laterally by flares.

Dimensions I

D U WW WH

BSP AS VII 546 51.2 14 15 22.2
holotype.
PI.5.40, Fig.ll. 49.8 14 13.2 21.0

Discussion I This species name has long lain unused in the literature.
Only Wedekind (1914) has considered it, but he referred no material
to it. However, the identification of the hOlotype with the
original figure (MUnster 1832) seems quite unambiguous and so the
species must be revived. Korn (1981a) reached similar conClusions.

Less certain is the relationship of the ribbed species of
Cymaclymenia described by other authors, especially Wedekind, to
gostellata. He stated what the distinction between costellata,
costata and cordata was (see above). I have not had the benefit
of examining wedekind's material, because his material was not
available for study when I visited G6ttingen, and photographs of
the specimens have had to suffice.

The lectotype of Cyma. costata (proposed here as GPIG 390139)
is preserved well enough to show the development of a tabular venter,
bounded by grooves, at a diameter of approximately 50mm. Concave
radial ribs, strongest at the umbilicus and extending across the
flank are visible at a diameter of 40mm. These diminish in strength
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on the body chamber where there are equally spaced growth-lines.
These features are all present on costellata, except that there
the ventro-Iateral growth-line salient is stronger.
type specimens are considered to be conspecific.

The two

Wedekind's illustrations (1914, pl. VI, figs. 12,13) of ~.
cordata are poor, .~nd in the absence of the specimens there is
nothing to corroborate his descriptions. He considered the growth-
lines to be biconvex, yet they appear to be no different from those

·fon the lectotypelcostata, which he regarded as concave. His
other distinguishing criterion between the two species was the
extent of the ribbing across the flank. Certainly his photograph
shows the ribs on cordata to be strongest near the umbilicus, and
to fade on the ventrad portion of the flank, but they are by no
means confined to the umbilicus as he suggested, and only little
different from costata. Wedekind also recognised a significant
difference in the relatively broad lateral lobe of COStata and the
narrow, pointed lateral lobe of cordata. Nothing is known of the
intraspecific variations of sutures o~ Cymaclymenia, nor the
importance of interspecific differences. In conclusion cordata
and costellata are provisionally regarded as conspecific. In
any case the absence of type material would make it unwise of any
author to use the specific name.

Cymaclymenia aff. costellata (MUnster 1832)
Pl. 5.40, Fig. 9, Pl. 5.41, Figs. 1-6,12-14

Material. six specimens, mostly incomplete.

UEN 88 MUnster Collection Schttbelhammer PI.5.41,
Figs.5,6.
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UEN 89 MUnster Collection SchUhelhammer

SM H7530 Munster Collection SchUbelhammer

PI.5.41
Figs. 12-14.
Pl. 5.41,
Figs. 1,2.
Pl.5.41,
Figs. 3,4.
Pl. 5.41,
Figs. 9.

SM H7531 MUnster Collection SchUbelharnmer

RE 551 734.5 Torley Collection H8vel
A131/2
MfN von Buch Collection Dzikowiec Pl. 5.41,

Figs. 9. '

DescriPtion. All of these specimens appear to bear a relationship
to~. costellata. The minor differences between them will be
stated, but since stratigraphic control of the specimens is lacking
their significance cannot be evaluated.

UEN 88 and SM H7530 both have very shallow, concave ribs
(Pl. 5.41, Figs. 1,2,5,6). The whorl section is compressed with
weakly converging flattened flanks. The venter, flattened on
SM H7530, develops a pair of ventra-lateral furrows more clearly
seen on UEN 88. The growth-lines are closely, equally spaced,
numbering 30 per centimetre on UEN 88 and 35 per centimetre on
SM H7530 at a whorl height of 16 and 20mm respectively. The ribs,
numbering 36 per whorl on SM H7530 are more strongly developed on
the internal mould and near to the umbilicus.

SM H7531 (Pl. 5.41, Figs. 3,4) is a small fragment of roughly
the same dimensions as UEN 88. They are both mature specimens,
shown by the approximation of the last few ribs. The venter of
H7531 is extremely well preserved. Externally there is a narrow
tabulate surface towards which the flanks converge, but internally
on the mould are two strong ventro-Iatera1 grooves, and weak ribs
on the venter itself. The 1irate growth-lines of SM H7531 number
20 per centimetre and differ from other specimens by being biconvex
radial with a very shallow mid-flank sinus. Also the growth-
lines are clearly bunched near to the umbilicus.
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UEN 89 (Pl. 5.41, Figs. 12-14) is a specimen with a compressed
quadrate whorl section, well defined umbilical shoulder and a flatly
rounded venter, which lacks ventro-lateral grooves, probably because
of its small size. The umbilical width amounts to 30% of the
diameter at a diameter of 39mm. The growth-lines, expressed as
raised lirae, are concave, prorsiradiate with a shallow U-shaped
ventral sinus, and number 32 per centimetre at a diameter of 35rnrn.
Actual growth-line spacing is variable but tends to be greater
between ribs. The ribs run parallel to the growth-lines; on one
side of the shell they are present only near the umbilicus, on the
other they are also developed near to the venter.
visible on the internal mould.

RE 551 734.5 A131/2 (PI. 5.40, Fig. 9) has lirate growth-lines

Weak ribs are

(24 per centimetre) which are grouped in bunches of 5-7, and present
only on the ribs, between'which the shell is relatively smooth.
Both on the internal mould, and shell, the ribs are more strongly
developed near to the umbilicus.
visible on the body chamber.

The specimen (MfN, unnumbered) from Dzikowiec has a narrower
umbilicus amounting to only 24% of the diameter at a diameter of
43mm, and a whorl height to whorl width ratio of 0.71 (Pl. 5.41,
Fig. 9, figured by Frech 1902, pl. V(IV), fig. 1). The umbilical

A ventro-Iateral groove is

shoulder is well defined, and the umbilical wall steep. Growth-
lines are concave, prorsiradiate, becoming almost biconvex near
the aperture where there is a very low salient near the umbilicus.
Ribs, running parallel with the growth-lines, increase in strength
during the last whorl from being present only near the umbilical
shoulder at a whorl height of 11mm, to running almost the whole
way across the flank, at a whorl height of 17mm.

The apparent aperture of the shell is marked by a groove on
the inner surface of the shell, which does not run parallel with
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the previous whorl. It is generally concave in shape, but there
are strong salients near to the umbilicus and venter where the
groove dies away. There seems to be no feature which could be
represented by the dotted line on Frech's figure.

Dimensions,
D U' ww WH

15 23
14.1 17.5
15.4 23.7
15 25

26
14 19.7
7.9 11.2

UEN 88
UEN 89
SM H7530
SM H7531
RE 551 734.5 A131/2
MfN Plo5.41,Fig. 9.

39.2
53.4

12.0
14.5

66
43
36.7

20.7
10
5.2

Horizon and distribution, These specimens were collected widely
throughout central Europe, from unknown stratigraphic levels,
probably in the Clyrnenia Stufe.

Cymaclymenia sp. .£

Pl. 5.40, Figs. 3-5,10

Material, Two distorted specimens in the Museum fUr Naturkunde,
Berlin, labelled Cymaclymenia recticosta MS, collected by SChinde-
wolf from Hauern, Wildungen.
Diagnosis. Cymaclymenia with fine weakly concave radial lirae and
strong blunt ribs, numbering upwards of twenty per whorl.

Description, Little needs to be added to the diagnosis. The
umbilicus amounts to about one-third of the diameter and the whorl
section is slightly compressed, although erosion of one side of
each specimen makes assessment difficult (Pl. 5.40, Fig. 3). The
growth-lines, concave at a whorl height of lOmm, become flatter at
increasing diameters, and are almost straight by a whorl height of
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25mrn. Coincident with this change growth-line frequency increases
from 50 to about 80 per centimetre, and ribs increase in extent from
being present only near the umbilical shoulder, to running across
the whole width of the flank. Ribs are not present over the broad
venter, and the growth-lines form a shallow U-shaped sinus. An

eroded Cymaclymenia suture is identifiable on the larger specimen.

Dimensions I Both specimens are distorted and poorly preserved so
any measurements are meaningless.

Remarks I These two specimens are unlike any others included within
Cymaclymenia, being distinguished by their blunt ribs and growth-
lines. They therefore deserve specific distinction.

Horizon and distributionl The horizon of the two described specimens
is unknown.
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Data used in plotting graphs

Computer print-outs have been used to list the data used
to compile the various graphs in the systematic section. A
database system and programs developed by R. Middleton, primarily
for geochemical analysis in the Geology Department, were used to
plot the graphs, Much time was saved by using this sytem and I
wish to acknowledge my gratitude to Dick Middleton for his help
in this field.

The abbreviations used for the measured parameters are the
same as referred to elsewhere in this thesis. Three headings
are used to identify each set of data, and these headings need
some explanation (Textfig. 5.35). They area

Sample
Code
Meas & Mus

"Sample" is clear enough, indicating the sample number,
but there were only six character-spaces available so some speci-
men numbers have been truncated. Unnumbered specimens are
referred to by the Musem abbreviations used throughout e.g. MfN,
Museum fur Naturkunde, SM, Sedgwick Museum.

Data taken from publications is identified, somewhat crypti-
cally, in two ways. Measurements taken directly from another
author's work have a sample number such as 291172, where 29
indicates the year of publication (in this case referring to Lange
1929), and 172 is the page number. The publications referred to
by the numbers are listed below, but the reader will probably
already be familiar with the dates of most relevant works, from
reading the systematic descriptions. Where measurements have
been taken directly from an illustration a six figure number is
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used, e.g. 631502. Again the first two numbers refer to a
publication, in this case GUmbel 1863. The other numbers indicate
plate 15, figure 2. This configuration could be confused with a
six figure specimen number, but this possibility can be excluded
by reference to the third set of numbers, "Meas & Mus" (see
below) •

The "Code'~refers to the taxonomic name of the specimen. It
is intended to be acronymic, and refers to both the genus/subgenus,
and species. For example CK indicates Endosiphonites (Costa-
clymenia) kiliani; SEP Sellaclymenia Plana; GGU Gonioclymenia
(Gonioclymenia) speciosa etc. A list of all codes, and their
meaning, is given below.

The last set of numbers headed '~Meas& Mus'~ indicatestwo
things. The first figure shows up instances where more than one
set of measurements has been taken from the same specimen and its
purpose is to ensure that each data set is uniquely identified.
Thus 1 indicates the first (usually at maximum size) set of
readings taken, and 9 the ninth set. The second and third
figures show from where the specimen has come. A series of
numbers from 1-20 refer to particular museums, and are listed
below. "00" indicates that the particular data set was taken
from the literature.

Museum Codes

00 No museum - literature reference
01 British Museum (NH), London
02 Bayerische Staatssammlung, Munich
03 Bristol University
04 Universitat Erlangen-NUrnberg
05 Ruhrland Museum, Essen
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06 Geol. Pal. Institut, G8ttingen
07 Geological Survey Museum, IGS, London
08 Hull University
09 Nordrhein Westphalen Geologische Landesamt
10 Fachbereich Geowissenschaft, Marburg
11 Staatsmuseum, Menden
12 Museum fur Naturkunde, Berlin
13 Senckenberg Museum, Frankfurt
14 Sedgwick Museum, Cambridge
15 M. R. House Collection
16 D. Korn COllection, Sundern
17 J. D. Price Collection
18 K. Wunderlich COllection, Leverkusen
19 G. Trost Collection, Dusseldorf
20 Wiesbaden Museum

Abbreviated Literature References

03 Tokarenko 1903
08 Wedekind 1908
10 Rzehak 1910
14 Wedekind 1914
23 Schindewolf 1923a
29 Lange 1929
32 Munster 1832
38 Muller 1938
39 Munster 1839
48 Richter 1848
52 M'Coy 1852
56 Muller 1956
60 Petter 1960
63 GUmbel 1863
75 Petersen 1975
92 Loewinson~Lessing 1892

Full details can be found in the section headed References.
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Taxonomic Abbreviations

Section 1

BB Bilocl2menia bilobata
BL Bilocl2menia laevis
B1 Biloclymenia sp. (2091)
B2 Bilocly!!!eniasp. (MfN, Pl. 5.11)Fig. 10

B3 Biloclymenia sp. (AS VII 524, 525)

CAC Carinoclymenia beuelensis

CB Endosiphonites (Costaclymenia) binodosa
CE Endosiphonites (Costaclymenia) enodis
CK Endosiphonites (Costaclymenia) kiliani
CM Endosiphonites (Costaclymenia) muensteri

CMA £y:macIY.meniasp. b
CMB £ymaclymenia barbarae and aff. barbarae
CMC fYmac1ymenia camerata
CMD £y:maclYmenia dorsocostata
CME £ymaclymenia evoluta
CMF £Y.m2c1ymenia aff. dorsocostata
CMG sp. 1!
CMI involvens
CMN aff. costata
CMO Cymaclymenia costata
CMS cymacIYmenia striata
CMT cymacIYmenia aff. striata
CMW semistriata'

CY £yrtoclymenia
CYA £y:rtoclymenia1!ngustiseptata
CYC £y:rtoclymenia crassa
CYI involuta
CYP plicata
CYS fyrtoclymenia subnodosa

DA Gen. Nov. D arietina
DAC Gen. Nov. D acuta
DF Gen. Nov. D flexuosa
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DK Gen. Nov. 12 .kayseri
D1 Gen. Nov. D sp. (2015)
D2 Gen. Nov. D sp. (2076)

EA Gen. Nov. _! sp. s
EB Gen. Nov. E sp. b

Fe Gen. Nov. F costata
FF Gen. Nov. F falcifera
FST Gen. Nov. F stuckenbergi
FSU Gen. Nov. F subflexuosa

GE Genuclyrnenia sp •.
GEA Genuclyrnenia gngelini
GEB Genuclyrnenia borni
GED Genuclyrnenia discoidalis
GEF Genuclyrnenia frechi
GEG Genuclymenia guernbeli
GEK Genuclyrnenia ~pinskii

GG Gonioclyrnenia (Gonioclymenia) SM HI0407
GGP Gonioclyrnenia (GOnioclymenia) praematura
GGS Gonioclyrnenia (GonioCIYmenia) speciosa
GGU Gonioclyrnenia (GonioclYmenia) subcarinata

GKI Gonioclymenia (KallOcl:2:menia)insignis
GKC Gonioclyrnenia (Kalloclymenia) crassa
GKD GonioclYmenia (KalloclYmenia) dasbergensis
GKP GonioclYmenia (KalloclYmenia) pessoides
G~ Gonioclyrnenia (KalloclYmenia) subarmata
GKU Gonioclymenia (Kalloclymenia) uhligi

GNA Gonioclymenia (Subgen. Nov. ~) sp. ~
GNB GonioClY,!!!enia(Subgen. Nov. A) brevispina
GNF Gonioclyrnenia (Subgen. Nov. A) frechi
GNW Gonioclyrnenia (Subgen. Nov. B) wocklumeri

KI Kosmoclymenia inaeqyistriata
KS Kosmoclymenia subundulata
KU KosrnoclY,!!!eniaundulata
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Lis See section 2

00 OrnatoclYmenia ornata

PIP Piriclymenia piriformis

PLC ~ycly:menia (Pleuroclymenia) crassissima
PPA PlatY.£lY.menia(Platyclymenia) annulata
PPC ~y..£lymenia (Platyclymenia) crassa
PPN ~yclymenia (Platyclymenia) nodosa
PPP Platyclymenia (Platyclymenia) prorsostriata
PPR PlatyclYmenia (PIatY£!Ymenia) richteri
PPS PlatyclYmenia (PIatycIymenia) subnautilina
PPQ Platyclymenia (PIaty£!ymenia) quenstedti

PRD Proto~cJymenia dunkeri
PRS Proto~clYmenia ~pentina

PT Platyclyrneniasp.

PTE Protactoclymenia euryomphala
PTK Protactoclymenia enkebergensis
PTN Protactoclymenia steinmanni
PTO Protactoclymenia posterior
PTP Protactoclymenia pulcherrima

PTS PIatycIyrnenia (Trigonoclymenia) .§pinosa

SE SeIIacIyrneniasp.
SEP Sellaclymenia plana
SET Sellaclymenia torleyi

SPI Sphenoclymenia intermedia

SUS SuICOCIymenia sulcata

Section 2 Clymenia

LC Clymenia crassoides
LI Clymenia aff. spiratissima
LL Clymenia Iaevigata
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LN
LS Cl~enia §piratissirna

Section 3 Platycl~enia
See explanation to Textfig. 5.13.
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Section 1

Salple V1ISQ4 VIIS94 VI1589 VIIS89 2041 A124 A254 ~254 e59b e596 VI1552 vms, ",N
CoDe SEP SfP SEP SEF' SEP SET SET SET SET SET SE Sf CE
"U~ l teaS 102 2(12 102 202 119 lOS 105 205 112 212 102 2(12 112

"FN H4010 H4010 VI1581 Vl1587
CE C" C" C, Cl
212 114 m 101 2(~

D 8(1.50 75.70 43.30 34.50 53.30 36.50 55.90 37.90 56.10 51.00 23.BO 17.90 72.00 37.(10 97.80 73.00 48.90 35.2(1
U 2B.OO 27.00 17.80 13.10 21.5(1 le.60 25.30 18.00 22.70 21.30 10.50 7.9(1 30.00 21.70 40.40 32.90 24,90 IB.bf,
WW 17.00 15.00 5.(10 4.5(: 13.00 B.OO 10.40 10.00 12.30 11.00 5.50 3.90 0.0(1 7.10 15.9(1 11.80 8.00 0.90
~H 32.2030.0(1 17.BO 12.(1(1 21.0012.4018.70 n.l. 20.0(1 18.90 8.7(1 n.l. 28.0(1 II.b(1 3b.O(l 25.7013.40 9.5(;

Salple Vl1590 VI1590 H10385 1110385 1110385 HI03B5 140604 29:73 m:NT 2(179 2091 2091 2091 1091 2091 2091 20QI 2091
Code Cr. CK CK C¥ n' C~ er. CK CB CB 81 Bl 81 ~I 81 81 BI SI
lIus l 1m 102 202 11~ 214 314 414 100 lOO 112 lIB lIB 21B 318 m 518 6lB 718 81B

D 60.90 47.80 n.l. n.l. n.l. n.l. 52.00 65.00 60.00 66.00 69.00 64.50 45.40 42.40 32.50 22.40 15.9() 11.00
U 29.40 23.3(l n.l. n.l. fl.l. n.l. 27.(10 31.00 31.50 30.50 IUO 13.20 8.90 10.40 0.50 4.10 3.10 2.10
N~ 11.00 B.80 13.00 7.bO 5.00 2.00 5.00 14.50 n.l. 13.00 20.20 20.00 18.50 16.80 12.4(1 9.90 ].10 5.40
IIH 19.00 14.70 18.00 9.50 3.20 3.50 12.50 20.00 Ib.20 19.00 31.0() 2B.40 20.0(1 20.90 15.60 10.40 7.40 5.20

SalPle 2091
Code 91
lIus 'leaS 9lB

m
B2
112

"FN 390206 63190~ VIl524 VJI525 480381 mm V11538 V11538 BSP:LT SSP:Li VIIS96 A256 A256 HI04(J7 H104Q7
F2 BB FB B3 83 BL SSS S65 S65 S6S 665 SSU S6P 6SF' 66 66
2!2 WO 100 102 102 10D 102 202 30~ 102 202 102 105 20S 114 214

D 7.bO 34.50 26.20 20.30 25.2(' 11.10 n.'. 20.(10 107.70 83.20 77.20 15(1.0(1 11~.0(1 99.0(1 108.00 7B.(I() 70.00 51.00
U 1.20 b.1O 5.00 0.00 7.50 3.80 fI.l. 4.00 45.20 3].40 n.l. 02.10 4UO 41.0(1 39.50 43.5C 27.0(1 19.20
Ii'- 3.70 0.90 6.1010.5011.00 5.50 4.40 B.50 22.0016.5015.2038.0025.0(122.0(127.3022.00 lb.50 12.00
W~ 3.50 17.30 13.00 13.()0 12.00 4.35 3.50 B.SO 3B.Q() 27.50 26.20 51.50 42.10 36.00 40.](1 29.50 2b.OO 19.00

5.Jlple HI0407 Vl1537 V!1537 HI0394 H10394 HI0394 HI0394 HI0394 320602 320602 ~FN:LT IIFN:lT A255 A255 7083 7083 e550 eS50
Code 66 6~S 6KS GK5 6K5 6KS SKS m GKS 6KS SKB 6KP 6KC 6KC 6k I m 6KU 6~[I
!1us lim 314 102 202 II. m 314 414 514 lOO 200 112 112 lOS 205 107 207 112 2!2

D 30.00 100.40 6Q.0(> 10~.00 n.O(> S5.20 39.50 27.90 180.00 140.00 42.00 31.20 52.00 36.00 61.00 40.50 6B.SO 54.5(1
U 0.0(> 54.40 37.50 53.00 38.BO 27.50 lB.90 0.00 96.00 35.00 20.80 17.90 23.bO (1.00 32.40 2tOO 32.00 24.0('
WI! 5.00 20.00 14.5(1 22.50 17.70 12.70 9.10 5.40 32.00 0.00 12.20 B.20 14.20 10.20 0.00 9.00 19.00 18.9()
tlH 11.00 24.50 18.00 29.~ 21.00 Ib.oo 11.80 9.00 200 16.00 12.50 7.50 10.iil 12.20 Ib.70 12.50 22.00 15.70

Sa.p!e 14:67 "FH:LT IIFN:LT m "FN:HT "fH:HT Hlom Hl0373 Hlom Hlom Vl15B6 V1I58b HI0397 14:34 P82.3 P82.3 3126 3J2b
Cod~ SKD 6MF 6NF 6NB 6NW 6NW 6NA 6NA SNA SNA SP I SP I SP I PPR PPR pp~ m PPR
"us lms 10() 112 212 112 112 212 114 214 m 414 IQ2 202 114 lOO 108 208 110 2lO

D 50.00 71.60 59.20 34040 45.00 n.s. 140.00 92.00 58.00 38.00 126.00 88.00 (1.00 60.00 37.20 2Q.8(, 33.40 29.20
U 21.00 39.30 30.0() 14.20 17.00 n.l. 50.50 34.00 22.50 0.00 57.10 38.00 0.00 27.70 17.20 13.8(1 15.20 13.60
Ilk 13.0(1 14.40 11.20 4.10 10.00 0.50 31.40 20.00 12.50 8.00 21.50 17.00 22.3(1 17.70 11.90 9.21 8.40 7.30
WH 18.00 18.40 15.10 11.00 6.80 11.00 51.60 35.00 22.00 12.00 39.50 31.00 44.70 20.00 12.40 9.00 10.80 10.30

Saiple VII600 3152
Code m m:
1Iu~ ~ 1m 102 110

3153 3153 NSB3 MS82 WSB2
P?Q ppg PPS PPS PPS
110 210 120 120 220

NSFI m8 3127 3125 3125 3125 3125 3154 3154 3154 315'
PPS PPC PPP PPA PPA PPA PPA PLC PLC PLC PLC
m 11(· 110 110 210 310 410 110 210 3IO '1(1

D 58.00 32.0(1 39.00 34.00 59.2(1 56.30 43.9(> 60.0(. 2U0 26.20 2B.8(1 21.50 15.70 10.90 35.70 34.5il 25.9: 21.20
U 23.40 14.80 IS.00 It5¢ 0.00 20.00 20.10 30.20 10.QO 14.30 15.00 11.20 8.90 6.60 15.00 1~.50 1\1.90 b.70
kW 12.8(1 9.30 l(i.~() 8.0(> 18.00 0.0(1 11.40 17.90 5.30 7.0(, ].80 5.50 UO 3.80 15.5(1 15.1(' 12.3(1 11.50
IIH 21.40 9.00 12.20 9.90 22.00 19.00 14.20 21.90 7.90 11.00 7.80 5.50 4.40 3.80 12.40 ILbO 8.70 6.90



457

Section 1

5~lple 3154 VI1596 2064 3129a pe?1 2065 3129b P82.2 "FN:LT "FN:Ll Vl1550 Vl1550 VIIS51 HI0382 VIIS8S UI1585 VIIS9Q VIIS84
Code PLC PTS PTS SUS SUS SUS SUS SUS PIP PIP 00 00 00 00 [VA evA m CYP
"us ~ teas 510 102 119 110 108 118 III) lOB 112 212 102 2(i2 102 114 102 202 102 102

o 15.00 44.00 52.00 17.50 13.40 26.00 12.50 14.70 19.10 14.70 26.50 20.60 23.00 22.20 56.40 46.00 5b.OO 53.00
U 6.50 21.40 24.70 5.40 5.50 1l.20 5.e(l 6.20 e.~o 6.2a 12.40 8.S0 0.00 10.20 14030 12.70 14.(1(1 17.00
Ma' B.90 9.20 13.00 4.00 3.00 0.00 0.00 3.10 3.BO 3.50 5.50 6.40 7.00 7.5{i 17.60 IB.OO 21.00 21.00
NH 5.00 It50 17.00 6.30 4.20 8.70 3.20 UO 5.90 4.70 B.OO 7.80 10.(10 B.OO 23.80 19.50 25.50 21.0(1

Salple VI1583 VmBJ BSP "~~
Code eyp eyp CYS Cy
"us ~ tm 102 202 102 112

"FH 2096 2096 PB2.4 P62 •• PB2•• PB2 •• PB2 •• pe2.4 PB2.4 PBZ.. "F~ 14:21 14:~1
cr CYI CYI CVI CYI CYI CVI eYI CYI CVI eVI CVI CYI eyc
112 118 218 109 208 308 ~08 SOB bOB 70B B08 112 100 100

D ~5.00 32.70 19.20 0.00 32.20 ~2.9(J 35.00 28.20 20.BO 14.10 9.40 b.30 4.10 2.80 2.00 27.30 23.00 3tBO
U 15.00 10.60 4.90 5.3(1 0.00 10.00 9.00 5.70 3.BO 2.90 2.20 I.BO 1.40 1.00 0.70 5.00 5.00 17.30
IIW 2~.0(: 16.80 6.BO 7.50 13.30 17.~O 15.70 11.50 10.00 7.40 t90 3.30 2.20 1.45 1.05 11.80 10.70 17.00
IIH 19.80 16. SO B.OO 7.50 14.70 19.bO 17.30 12.50 9.80 6.S0 4.20 2.90 1.65 1.10 0.80 13.20 12.00 lU(!

Satple 14:22"~
Code PTP PTE
"us, leas 100 III

2062 14: 31 29:BO 14: 32 2071 2071
PTE m PTO PTN PT PT
us lOO lOO lOO lie 218

m VlJm "FN:LT SI85b 2015 2076 2076 "B6:HT "F6:HT Yl1528
DA DK DAC DF 01 02 D2 EA EA E~
120 102 112 101 119 liB 218 110 210 10i

D 30.00 37.00 37.00 57.60 b1.00 48.80 42.60 30.~O 27.00 15.10 31.30 17.BO 43.50 75.20 51.50 62.00 40.00 19.5(1
U 7.50 12.40 11.50 15.00 15.0(1 16.40 16.HI 12.30 9.~O 0.00 13.00 4.70 0.00 27.80 20.00 Ib.bO 11.00 5.50
l1li 9.4() 10.00 It.SO 12.00 22.00 15.00 15.00 0.00 0.00 3.60 5.00 0.00 7.30 17.00 0.00 11.50 10.90 4.80
NH 12.50 13.80 IS.b(1 17.50 26.30 20.00 1b.50 12.40 10.90 4.50 11.40 8.60 19.50 29.20 19.30 28.00 23.00 B.OC

Sa.ple 2016 2016 20J6 20J6 2058
Code FST FST FST FST FST
llus l leas l19 219 319 419 218

03:31 03:3J 14:23 14:68 UlIm V1I60b VI1606 VI152b \'Ilm V)IS2b VII526 VlIS2b VI1526
FST FST FST FS1 FF FC FC FSll FSU FSll FSU FSU FSU
lOO 100 lOO 100 102 102 202 102 202 302 402 502 bC2

D 20.0(1 13.70 9.20 6.20 19.80 20.00 IS.M 20.50 20.00 10.90 20.30 15.00 2l.bO 15.90 11.00 7.20 S.20 3.60
U 5.90 3.70 2.20 1.3(l 5.40 0.00 0.00 b.90 7.00 4.90 5.90 3.BO 5.00 •• 50 3.44 2.00 1.95 1.39
NW 4.803.802.702.105.80 S.SO 4.505.505.400.004.5(1 tOO 3.BO 3.40 2.65 2.18 1.67 1.85
WH 8.30 5.90 4030 2.90 7.40 7.50 b.SO 8.00 7.20 3.70 B.I0 5.90 10.00 6.70 4.70 2.88 1.95 1.30

Satplf 302i Vll527 "FN:HT m:HT I!FN 207(1 2070 2021 2023 2023 2023 2023 2023 VlI5S9 VI1559 01' OK Pr
Code FSU FSU CAC CAe CAe CAe CAe CAG CAC CAe CAC CAC CAe PRD PRD PRD PRD PRfi
"us ~ 1m 110 102 112 112 112 118 218 119 119 219 m 419 519 J02 202 lib 21b 31~

D 50.50 11.20 40.00 24.20 32.00 46.BO 31.20 21.80 14.90 8.90 5.40 3.40 0.00 32.00 23.50 30.00 21.50 15.20
U 11.30 3.70 5.0(1 3.90 4.50 3.90 3.10 2.50 1.90 1.50 1.20 0.00 0.0013.9010.70 13.BO 10.10 7.bO
!IIi 11.60 2.9(1 5.00 0.00 5.50 b.60 5.70 0.00 3.20 2.40 1.50 1.15 O.BO 0.00 0.00 b.70 5.40 3.9(1
lin 23.50 4.40 24.00 13.40 Ib.SO 26.30 17.b(I 12.40 8.30 5.00 2.8(1 1.50 0.60 11.80 0.00 9.50 6.90 4.70

Sa.ple Dr
Code PRD
IkJs l tm 416

DI(

PRD
516

'DK
PRO
616

Dr.
PRD
716

DK
PRO
Bib

DK VII536 V11538 U1l538 V11538 Yll538 mm YI1538 VIIm 2077 [597
PRD PRS PRS PRS PRS PRS PRS PRS PRS PRS KS
91b 102 202 302 402 502 602 702 8¢2 118 112

[59; HI03SB
KS tS
212 ]]4

D 11.00 8.20 6.20 4.](1 3.S0 2.bO 97.00 B9.00 67.00 51.50 36.50 27.50 20.00 13.80 67.00 51.20 35.8(1 32.0(,
II S.BO 4.40 3.3(l 2.5(1 I.BO 1.l0 47.80 41.50 32.50 34.30 18.10 12.50 B.S(I b.oo 34.00 20.00 14.40 13.4(1
MW 2.0\; 1.90 1.40 1.25 0.9B 0.90 15.5{i 1B.00 13.M 12.00 a.50 7.30 5.0(1 3.BO 14.5013.0010.50 7.Q(1
WH 3.10 2.20 1.60 1.25 0.92 0.80 25.SI:· 26.00 18.00 14.00 10.00 B.IO b.50 4.9(, 17.50 IB.10 12.50 10.90



Section 1

Sa.pie Hlom Hl0m Hl039(1 HI0390 H!0390 H1037b HI07-76 Hlom VJI597 3135
Code KS KS ~S ~S kS KI kI kI Kl KI
"us'lm 114 214 114 214 m 112 212 312 102 110

"FN HIOm Hl~377 m S~F:NT S",:NT S"F:NT S"F:~T
Kl KI Kl n w n: KU nl
112 114 m 112 113 213 3D m

D 31.40 23.70 42.50 29.50 20.30 56.40 45.00 32.00 2b.50 47.00 50.20 21.20 15.10 50.40 75.00 5-4.50 40.00 27.80
U 13.3(1 9.60 17.00 11.50 8.4023.30 IB.80 13.20 11.80 19.8021.80 8.80 il.60 25.00 37.40 17.00 19.80 140M
NW 8.70 7.40 10.30 8.80 6.10 14.40 11.30 9.3(J 7.10 9.50 10.50 7.20 0.70 13.20 19.20 13.10 10.20 7.40
NH 10.40 7.7014.7010.40 7.4019.10 IU(J 11.00 8.7015.11016.20 7.70 5.30 17.00 21.70 IS.20 II.SO B.IO

Smle SI'IF:NT m:NT S"F:NT S"F:NT S",f:NT S",F:NT m:NT PB2.11 PB2.11 PB2.11 PB2.11 PS2.11 P82.7 14:22 3122
Code KU KU KU KU KU KU KU KU kU KU KU KU KU SEA SEB
"IJ~l 1m m 613 713 813 m 113 213 117 217 317 m 517 117 100 110

14:22 14:22 2095
SED SEF SEF
100 lOO 118

D 19.90 15.10 11.20 8.40 0.30 4.91 3.40 54.30 36.90 26.80 14.20 7.85 44.80 38.70 17.20 41.50 35.0(1 29.90
U 10.90 8.50 6.36 UO 3.70 2.36 l.b4 26.70 IB.90 14.00 7.70 4.16 21.20 14.00 6.20 13.7{1 12.00 9.10
NW 5.40 3.70 2.90 2.14 1.50 1.44 1.04 14.00 10.30 7.10 3.83 2.04 13.00 II.SO 0.00 11.50 10.60 10.00
NH S.40 3.90 2.72 I.B4 I.bO 1.31 1.12 16.40 9.20 7.BO 3.60 2.11 14.60 12.00 b.30 15.60 12.00 12.90

Salple 2095 08:618 2063 2063 20bl 14:Bl 4511.1 4511.1 2066 320303 mm HI0414 HI0414 HI0414 HI0414 81B24 VIl54S 92
Code 6EF 6£6 6£6 6[6 6[6 SEK 6£K 6EK 6£ ~S C"S C"S C"S C"S CKS C"S C"1 ~T
"us t 1m 218 lOO 118 2lB liB lOO 116 216 liB 100 200 W 214 314 414 101 102 104

D 23.70 2B.SO 42.70 32.00 211.70 25.0(1 24.70 IB.20 31.00 50.00 38.00 40.20 35.80 25.60 19.8(1 33.60 49.60 55.80
U 7.BO 8.90 0.00 0.00 10.50 8.30 B.90 6.70 12.2(1 16.00 11.00 13.90 13.50 9.80 7.10 12.30 12.30 15.20
IIIj B.OO 8.50 n.(\() 10.40 10.50 7.50 7.70 6.10 0.00 9.00 0.00 10.00 7.90 0.30 4.40 0.00 14.70 16.00
NH 9.BO 12.00 15.4(1 11.10 10.40 9.30 8.80 6.9011.8018.0017.0014.9013.70 9.10 0.7013.2021.1024.80

Supl£' "FN "FN:LT "FN
Cooe m CIIe ~c
!Ius t leas 112 112 112

IIFN HI0415 HI0415 HI0415 HI041S HI0415 Hlom HI0415 "FN:LT "FH A373 A373 WI "FN:HT 29:91
C"C C"C C"C m C"C C"C Cl[ m C"E C~ C"E CII£ m C" 1 C" I
212 11~ 214 3H 414 514 614 714 112 112 105 205 lOS 112 100

D 50.00 26.00 22.40 10.50 39.60 28.30 20.50 14.00 9.60 6.74 4.95 32.00 37.90 41.BO 28.20 80.0(1 21.00 25.50
U 15.00 9.40 5.BO 6.80 13.BO 10.20 7.20 5.30 3.92 2.81 0.00 11.00 11.00 12.90 B.20 22.00 7.00 5.00
NW 0.00 9.50 4.20 3.80 9.40 7.30 5.50 3.BS 2.48 1.8B 1.32 0.00 0.00 0.00 0.00 0.00 7.00 9.80
NH 21.50 11.40 9.10 7.00 14.70 10.50 8.00 5.36 3.51 2.29 1.61 11.00 11.00 16.BO 11.80 34.00 8.70 12.20

Saljlle 20xx 92:20
Code CIH C"F
"U~ 'leaS 119 100

"FN 20B4
CI!B m
112 us

"F~ Hl0406 H1040b HI0406 H7534 H7m PBi.S PS2.S P82.S PB2.S PSi.S
C"P C"A ~A C"A C"6 C"6 C"6 C"6 C"6 C"6 C"6
212 114 214 314 114 214 lOB 208 300 408 SOB

D 41.20 45.00 24.80 47.20 3S.70 32.30 42.00 35.00 43.00 28.80 19.70 36.00 23.40 13.90 B.95 5.82 3.74 2.S4
U 7.10 0.00 6.S0 10.80 8.40 5.30 ·16.20 12.BO 10.30 7.67 S.B2 B.40 7.BO 3.B8 2.81 2.0~. 1.56 1.15
NW 15.50 11.00 0.90 0.00 12.00 10.40 11.81) Q.40 12.60 B.70 5.20 11.40 6.60 3.71 2.50 1.76 1.25 0.B7
NH 20.00 10.00 0.00 21.90 lb.(\() IS.70 19.40 13.50 19.10 13.60 B.20 15.40 9.20 US 3.81 2.36 1.41 0.B5

Sa.ple PS2.5 P82.S PB2.S 62-3 VI1557 vmS7 62-1 YIl~O HI0416 HI~m "FH YIl546 IfH
Code CI!6 CI!6 016 C"6 C"D m C"W CIIf CIIF C"F C"F CIro C"O
!Iu~ l leas 608 70e B08 106 102 202 lOb 102 114 214 112 102 112

89 H7530 AI31/2 "FH
C"N m C~ C"~
104 II~ 105 112 21~

D 1.8S 1.37 0.94 17.40 37.70 27.00 22.10 38.40 26.00 18.S0 22.00 51.20 49.8(' 39.20 53.40 bb.OO 43.00 3b.70
U 0.85 0.57 0.40 4.8011.50 9.90 7.bO 10.20 9.50 7.00 7.9014.0014.0012.00 IUO 20.70 10.00 5.20
NW 0.6A 0.49 0.40 5.2010.20 9.10 S.4{1 U(, 7.30 5.9(. 5.3(. 15.00 13.20 14.10 IS.~O 0.0014.00 7.90
IIH 0.5~ 0.45 0.32 7.7017.0011.10 7.80 17.40 10.10 7.40 7.9022.2021.0017.5023.70 2b.00 19.70 11.20
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Section 2

SalPle 627~5 BI623 BIB~9 C34761 mm cams C83292 HI0362 HI0365 HI0365 HI0365 HI0365 HI03bS HI0365 HI0366 HW~b6
Code u LL LL LL Ll LL LL Ll LL7 uz Ll2 LL2 LL2 lL2 LLI LU
"us ~ .eas 101 101 101 101 101 101 101 114 114 214 314 414 514 614 114 2!4

37.00 24.S0 60.00 4B.50 51.50 4UO 12.20 105.00 43.00 n.l. n.'. n.•.
17.00 13.10 31.00 26.00 26.00 21.50 B.20 52.00 22.10 n... n.'. n.s.
0.00 (,.(11) 17.00 n.l. n.'. 1l.10 n.s. 21.00 11.70 9.00 6.60 5.30
11.0(1 7.S0IS.00 n ••• IUO 12.5(1 3.3033.0012.20 9.00 6.90 4.00
n.f. n.!!. n.lI. n.l. n.l. n.'. n.'. n.'. 15.40 19.10 13.70 10.10

n... n.'. B2.S0 64.60
n.l. n.'. n.s, 33.n
3.90 3.10 16.Q(. 14.10
3.50 2.20 22.70 17.60
7.90 6.IQ 47.30 36.50

Satple HI0366 HI0366 HI0366 "10366 HI0366 H10366 H10366 HI0367 H10m HI036B HIOm HlO39B VllbOl Vl1601 VlIb03 VII 60S
Code lLI u: LU tu LU LU LU u LL3 LL3 LL LL LL4 LL4 LL LL
"us l 1m 314 414 514 614 714 B14 914 W 114 m 114 l1A 102 202 102 102

D 6O.rX: n.'. n... n.'. n.'. n.'. n.s. 2B.60 46.00 33.70 51.90 Si.70 45.30 34.00 n.l. 120.00
U n.l. n.'. n.'. n.l. n.l. n.e. ~.I. 15.10 23.21) 17.40 26.00 28.70 24.00 17.70 n.'. 64.20
IiW 13.80 10.00 B.20 6.10 4.70 3.BS 2.50 6.90 12,70 B.70 n.a, n.l. 10.20 9.10 15.70 21.00
IIH 17.1012.40 9.BO 7.30 5.50 4060 2.BO 9.BO 13.90 9.7015.0016.0012.70 9.60 19.0032.50
R 34.70 27.00 1B.20 14.80 10.9(1 9.40 5.50 n... 26.60 n.'. n.I. n.s, 26.30 n.'. n.'. 67.20

5uple YII60S PROV36 PROY41 PROV41 PBl.n 32010132010129:117 29:118 29:118 19:118 P'I:1IB HI03b4 HI0~4 H10364 HI0364
CodE LL LL LL lL Ll LL LL II LL LL Ll LL 1I LJ LI 1I"us ~ teaS 202 102 102 202 100 100 200 100 100 200 300 400 114 214 314 41~

D
U
W~
IIH
R

101.51) n.'. 65.50 52.50 ISS.OO 150.00 110.00 160.00 ~.OO 53.00 53.00
55.50 n.'. 33.30 26.BO 100.00 7B.00 55.00 SUO lB.50 25.00 25.00
19.00 1UO 15.40 13.20 26.00 33.00 25.00 26.00 10.50 14.50 16.00
27.50 IB.30 19.60 16.10 40.00 40.00 31. 00 44.00 11.40 16.00 17. OQ
60.00 n.«. 38.10 31.20 n.e, 87.00 n.l. n... n... n... n.'.

21. 00 56.00 4UO 3b.30 1Q. b(i
1(1.50 28.50 23.00 19.20 14.00
5.30 n... 10.20 8.40 5.40
5.80 16.70 12.80 10.30 7.20
n.l, 32.40 26.30 21.10 15.40

S!.p!e HI0364 H10364 231B04 231804 C83292 B1828 H7537 H7538 H7539
Code LI u LS LS LS LS LS lS lS"us, .m 514 614 100 2(10 101 101 114 114 114

D
U
W
IIH
R

ftfH 29:118 29:118 ~fN 29:119
LS LS LS LN Le
100 100 200 112 100

20.40 15.50 47.00 37.00 lB.10 12.00
11.30 B.7(1 28.00 2toO 11. 90 8.00
4.]0 3.60 n.l. n... n... n.'.
3.60 2.70 12.50 B.OO 3.BO 2.70

11.60 8.30 2B.00 21.00 n... n.'.

9.70 17.50 11.00 1Q.OO 38.00 53.00 17.00 21.00
6.5(1 12.00 6.20 9.80 22.60 30.00 B.IO B.O\.
2.10 n... 2.00 5.50 B.OO 13.00 n... n.'.
1.80 3.00 2.00 5.50 B.30 13.20 4.90 7.50
n.e, n.'. n.e, n.'. n.'. n.l, n.'. n.l.



Section 3
460

Sa.plp 3B:196 ~B:196 23:459 29:101 14:38 08:60B 29:100 me 29:63 23:~58 315. 3154 3154 OB:W
Code A"E m AR] BtU m BRE CAL CLA COS CRA CIIA m eftA eve
!Ius ~ IeIlS lOO 2(10 100

D 32.00 n.'. 50.00
U 20.00 n.'. 22.00
NW 14.00 12.00 10.00
NH 8.00 9.50 15.00
Ah n... n... n.s.
Rib nusber 16.00 n.'. 40.00

lOO lOO lOO lOO 110

38.00 25.00 23.30 20.00 24.80
Ib.50 13.00 15.00 9.00 10.90
10.50 i.« 9.00 7.50 S.30
11.50 7.00 4.50 6.00 7.90
n.'. n.'. n.'. n.l. n.'.
n.l. 45.00 lUO 21.00 40.00

Supl[> 23:450 14:36 14:37 75:U 75:47 5b:71
Code m DES DRE fUR fUR 6RO
"us & .m 100 lOO 100 100 200 100

D
U
NW

NH
An
Rib nu.ber

Sa.pie
Code
"us ~ leas

D
U
NW

NH
Ah
Rib nUlher

Sup]e
Code
"us, .eas

D
U
Nil
NH
Ah
RIb nu.ber

lB.OO 28.00 32.00
7.50 13.00 15.00
6.00 9.20 9.10
6.50 8.90 10.00
n... n... n.s.

15.00 35.0r) 40.0(1

6:607
PO~
1(10

ll27
PRO
110

10: IBI 10: IBI
PSt ?Sf
10(1 200

47.50 31.00 67.00 47.00
25.50 14.00 28.00 18.00
15.00 3.50 n.'. II.BO
13.00 11.00 23.00 16.00
n.e. n... n.'. n.'.
42.00 n.'. n.l. n.l.

29:71
5CH
100

56:74 60:27
SCZ SEI
1M 100

41.01)
13.00
11.00
21. 40

15.0(1 28.00 54.00
7.50 14.00 27.00
5.00 8. (10 15.00
5.00 8. SO IS.OO

n.'. n.'. n.'. n.'.
n.'. n.'. 40.00 32.00

14.50
5.40
7.70
5.50
n."
n.l.

57.00 36.50
25.00 17.00
16.00 9.5tl
19.20 It. 70
n.'. n.'.
n.s, n.'.

66:25 00:25 29:100
SfP SEP SE~
100 200 10(1

21.00 27.00
11.50 12.50
7.00 9.00
5.00 8.00
n.s. n••.
n... 54.00

56:74 23:451
OUI RAR
100 110

23.00

n."
Ib.OO

29:70 IISBI
STf SU~
100 120

14:44
INT
100

100 100

30.00 34. 00
13.00 17.00
9.00 10.50
4. 00 9.30
n... n.'.
35.00 n.l.

110 210 31(1 IOi'

35.70
15.00
15. SO
12.40

34.50 n.'. 21. SO
15.50 10.90 9.50
15.10 12.30 7.20
11.60 e.70 7.0(1

n ••• n.'. n.l. n.'.
n... n.'. 50.0040.00

14:44 14:45
INT "IR
200 lOO

14:45 Vl1600 VI1600 52:403 38:198
ftlR NOD NOD PAT POL
200 102 20(1 100 100

29.00 57.00
13.40 25.00
8. bO 16.00

10.00 9.20

10:180
REC
100

36.5(1
17.00
9.50

11. 70
n.'. n.'.n... n.'.

1~:34 140m
RIC ROT
100 100

n.'.
n.s,

43.50 bO.OO 41.00
15.40 27.70 20.80
12.30 17.70 12.50
14.10 20.00 13.30n.'.
40.00 25.00 n •••
n.'. n.'. n.•.

36.00 56.30
15.00 26.00
7.20 n.'.

12.50 19.00

n.'. n.'.
n.'. n.'.

IISFI
SUB
m

MSB2
SUB
120

10.8(1 15.00 64.00
4.~O 9.00 25.00
5.00 3.50 15.20
4.30 4.20 23.00
n.'. 4.00 n.'.
n.s. 12.00 40.00

4l.90 59.20 39.20
20.10 n.'. 17.50
11.40 18.00 7.00
1~.20 22.00 13.50
n.'. n... n.l.

15.00 n.'. 8(1.00

58.00 58.00
23.40 23.40
12.80 12.80
21.~O 21.40

n.s,
n.'. 16.00 32.00

n.'. n.•.

14:46
RUE
tOo

?b.20
32.40
23.00
21.00

7177
VAL
IOi

14:46
RUE
200

55.90 27.30
21.50 11.50
10.70 7.50
20.00 B.50
n.'. n.'.n.'.

n.'.

14:38 3152
IIAL gC~
100 110

37.20
17.60
9.00

II. 00

29.00

n.'. n.'.

n.'.

32.00
14.80
9.30
9.00
n.'.

20.00 Ib.OC
9.50 8.50
5.0(1 8.00
7.00 4.00
n.'. n.'.n... 38.00

H:4b 08:620
SAN SAN
100 10(1

JUO
19.60
6.00
10.8C
n.'.
n.'.

3153
QQU
110

n."

39.00
18.00
10.00
li.20
n.'.
n.'.
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Textfig. 5.1 Hexaclymeniinae 

Progonioclymenia (Prog.) aegoceras (Frech 1902) 

A, growth-line; 

Mbg 3130, X10a 

B, suture at D=17.9, WW=ca5 and WH=3.7 from 

figured by Schindewolf (1923a," pl. XVIII, fig. 

12), from Braunau near Wildungen, KellerwaldJ D, suture, after 

Schindewolf 1937a, fig. 6 (magnification and size unstated). 

Hexaclymenia hexagona (Wedekind 1908) 

C, suture, after Schindewolf 1972, fig. la, (magnification 

and size unstated). 

Progonioclymenia (Soliclymenia) paradoxa (MUnster 1842) 

E, suture, after Schindewolf 1937a, fig. 8, (magnification 

and size unstated) 0 

Progonioclymenia (Soliclymenia) sOlarioides (von Buch 1838) 

F, suture, after Schindewolf 1937a, fig. 7, (magnification 

and size unstated). 
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Textfig. 5.2 Sellaclymenia 

Sellaclymenia plana (Munster 1832). 

A, whorl cross-section at D=75, X2; B, suture and growth

line (both reversed) at D=ca73, WW=ca14 and WH=28, Xl.66a 

BSP AS VII 594, lectotype, Schubelhammer,Oberfranken, C, 

suture and growth-line (both reversed) at D=ca30, WH=11, 

X3.33a BSP AS VII 589, lectotype of Clymenia angulosa 

(MUnster 1839), Schubelhammer, Oberfranken. 

Sellaclymenia torleyi (Wedekind 1914) 

D, suture and growth-line (both reversed) at D ca 41, WW=8.9, 

WH=14, X3.331 MfN c596, hOlotype of Sell. spinosa Schmidt 

1924, pl. 7, fig. 8, from Dasberg, Sauerland, E, suture 

(reversed) at WH=8, X3.331 RE 551.73405 A254, lectotype, 

from H~vel, Sauerland. 

Biloclymeniinae 

Biloclymenia cf. bilobata (Munster 1839) 

F, suture at WW=4.4, WH=3.5, X3.5J H, whorl section, X3.5a 

BSP AS VII 525, G, whorl section at D=ll, WW=5.5, WH=4.35, 

X3.5, BSP AS VII 524. 

Oberfranken. 

Biloclymenia spo ~ 

Both specimens from Schubelhammer, 

I, suture at D ca 30, X3.331 MfN, Beil, Sauerland. Specimen 

figured by Schindewolf (1937a, pl. 1, fig. 10) as Bilo. 

bilobata and here in Pl. 5.11, Figs. 3,4, J,K, sutures at 

WH=2005 and 16.3 respectively, X3.33; L, cross-section at 

D=68, X1.51 KW 2091, Kasberg, Langenholthausen, Sauerland. 
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Textfig. 5.4 Endosiphonites 

Endosiphonites (Costacly:menia) muensteri Ansted 1838 

A, suture (reversed) at D=7.3, WW ca 11, WH=25.7, x41 

SM H4010, Petherwin Beds, Petherwin, Cornwall. 

Endosiphonites (Costaclymenia) kiliani (Wedekind 1914) 

B, suture and rib at WW=7.2, WH=12, x81 BSP AS VII 590, 

SchUbelhammer, Oberfranken. Figured by Munster (1839, 

pl. XII, figs. 3a-c) as CI. binodosa. C, whorl cross

section at R=35, WW=12, WH=17, x3; D-F, sutures at D ca 

34, WH=8.8, x10, WH=4.65, WW=3.6, x10; WH=3.2, x15, 

respectively from SM H10385, Schubelhammer, Oberfranken. 
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Textfig. 5.7 Gonioclymenia and Sphenoclymenia 

Gonioclymenia (Gonioclymenia) speciosa (MUnster 1831) 

A, suture at D=91, X2.66; B, suture at D ca 20, WH=6, X71 

BSP AS VII 538, MUnster Collection, Schubelhammer, Oberfranken. 

Gonioclymenia (Gonioclymenia) subcarinata (MUnster 1839) 

C, suture at D=68, X3.331 BSP AS VII 596, MUnster Collection, 

Schubelhammer, Oberfranken; D, suture (reversed, composite 

of adjacent sutures) at D ca 59, WW ca 15, WH ca 291 RE 

551.734.5 A256, lectotype of Gon. praematura Wedekind, Torley 

Collection, Hovel, Sauerland. 

GOnioclymenia sp. 

E, suture (reversed) at D ca 30, WW=5.5, WH-12 a SM H10407, 

Munster Collection, Schubelhammer, Oberfranken. 

SPhenoclymenia intermedia (Munster 1839) 

F, suture, X1.66; G, whorl, section, XO.5, at WW=20.9, WH=401 

BSP AS VII 586, lectotype, MUnster Collection, Schubelhammer, 

Oberfranken. 
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Textfig. 5.9 Gonioclymenia 

Gonioclymenig (Kalloclymenia) subarmata (Munster 1832) 

A, suture (reversed) at D=98, X3.33a BSP AS VII 537, lectotype; 

B, whorl section at D=100, Xl.33a SM H10394, MUnster Collect

ion, Schubelhammer, Oberfranken. 

Gonioclymenia (Kalloclymenia) Uhligi (Frech 1902) 

C, suture at D ca 45, WW=12.2, WH=15.3, X3.33a MfN c550 

lectotype, Dzikowiec, Poland. 

Gonioclymenia (Kalloclymenia) insignis (Phillips 1841) 

D, suture at D=45, WH=13, X3.66a GSM 7083, hOlotype, Pether

win Beds, Cornwall. 

Gonioclymenia (Kalloclymenia) crassa (Wedekind 1914) 

E, suture (reversed) at D=52, and growth-line/tubercle at 

D=37, WW ca 10, WH=12.8, X3.33a RE 551.734.5 A255, lectotype, 

Torley COllection, Havel, Sauerland. 

Gonioclymenia (Gen. Novo ~) frechi Lange 1929 

F, suture at D=59.2, WW=11.2, WH=15.1, X5a MfN, Dzikowiec, 

Poland. 

Gonioclymenia (Gen. Nov. ~) wocklumensis Lange 1929 

G, suture (reversed) at D ca 30, X6.661 MfN, holotype, 

Burg" Wocklum, Sauerland. 

GOAioclymenia (Gen. Nov. B) aff. wocklumensis Lange 1929 

H, suture (reversed) at D=88, WW=21, WH=36, Xl.66, and I, 

cross-section at D=135, XO.66a SM H10373, Munster Collect

ion, Schubelhammer, Oberfranken. 
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Textfig. 5.10 
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Textfig. 5.12 Platyclymeniidae 

Sulcoclymenia sulcata (Schindewolf 1923a) 

A, suture and growth-line at D=15, WW=2.5, WH=3.5, x8a Mbg 

3129a, lectotype; B, suture at D=10, x20r. Mbg 3129b; 

both Schindewolf COllection, Bed 10, Kirch-Gattendorf, 

Oberfranken. C, suture at WH=5.2 and growth-line at WH=7.4, 

both reversed, x6.66a KW 2065, Waschholz, Oberfranken. 

Ornatoclymenia ornata (Munster 1834) 

D, growth~line at D ca 19, WW=5.5, WH=17.5, x10; E, whorl 

section at D=22.1, U=8.6,WW=6.2, WH=8.2, x3.66a SM H10382, 

Munster Collection, Schubelhammer, Oberfranken. F, suture 
at D=21, and growth-line at D=24, x6.66a BSP AS VII 550, 

lectotype, Munster Collection, Schubelhammer, Oberfranken. 

Platyclymenia (Pleuroclymenia) crassissima Schindewolf 1955 

G, rib and constrictions at WW=12.2, WH=8.3, suture (reversed) 
at WW=11.8, WH=8, x3.33; H, cross-section at D=30, x2.5a 

Mbg .3154, holotype, Kirschofen, Weilburg. 

'1 Stenoclymenia valida (Phillips 1841) 

Ii suture at WW=7, WH=13.2, x3.66a GSM 7177, lectotype, 

Petherwin Beds, Petherwin, Cornwall. Figured by Phillips 

1841 (pl. LIV, figs. 245a-b). 

Platyclymenia (Platyclymenia) guenstedti (Wedekind 1914) 

J, growth-line at D=28.3"WW=8.2, WH=8.9, x7.66a RE 551 

734.5 A150/1, Torley COllection, Beil, Sauerland. 

Platyclymenia richteri Wedekind 1914 

K, growth-line at D=29.2 and L, rib course at WW=7.2, WH=5.8,' 

x7.66a Mbg 3126, Langenaubach. 

Platyclymenia annulata (Munster 1832) 

M, growth-line and N, whorl section at D=22, x6.66a Mbg 3125, 

Schindewolf Collection, Bed 14, Kirch-Gattendorf, Oberfranken. 
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Key to Textfig. 5.13 

Data is taken from type specimens, where available. 

Name Data Code 

1 Pleur. americana AME 
2 Plat. arieticosta ARI 
3 ~. beuelensis BEU 
4 Plat. bicostata BIC 
5 fl eur • brevl.costa BRE 
6 ? Pleur. callimor:eha CAL 
7 Plat. clarkei CLA 

8 Pleur. costata COS 
9 Plat. crassa CRA 

10 Pleur. crassissima CMA 
11 Plat. cyclo:etera eyC 
12 Plat. denckmanni DEK 
13 Plat. densicosta DEN 
14 ~. valida sensu Drevermann DRE 

1901 
15 ? Pleur. eurylobica EUR 
16 Plat. grossi GRO 
17 ~. intracostata INT 
18 ? Plat. mirabilis MIR 
19 Plat. nodosa NOD 
20 ' Plat. :eattisoni PAT 
21 Pleur. :eOly;eleura POL 
22 ? ~. :eom;eeckii POM 
23 ? ~. )2rorsostriata PRO 
24 Plat. ;eseudoflexuosa PSE 
25 Plat. guenstedti QUE 
26 ~. guiringi QUI 
27 Plat. raricosta RAR 
28 ~. recticosta REC 
29 Plat. richteri RIC 
30 Plat. rotundata ROT 
31 Plat. - ruedemanni RUE 
32 Sten. sandbergeri SAN 
33 Sten. schindewolfi SCH 
34 Plat. schleizi SCZ 
35 ~. semiornata SEI 
36 Plat. sem;eerornata SEP 
37 Plat. senilis SEN 
38 Sten. stenom;ehala STE 
39 Plat. subnautilina SUB 
40 I Sten. valida VAL 
41 ~. walcotti WAL 
42 Plat. guenstedti crassa QCR Mbg 3152 
43 Plat. guenstedti guenstedti QQU Mbg 3153 
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Textfig. 5.17 Cyrtoclymenia and Protactoclymenia 

frotactoclymenia enkebergensis (Wedekind 1908} 

A, growth-line (reversed) at D=37, WW ca 11.5, WH=15.6, 

x3.33. KW 2062, Enkeberg, Sauerland. 

Platyclymenia sp. ' 

B, growth-line (reversed) at D=39, WH=14.2, x3.33. KW 2071, 

Beil, Sauerland. 

Cyrtoclymenia. involuta (Wedekind 1908) 

C, growth-line at D=35, WW=15.7, WH=17.3, x3.33. KW 2096, 

Beringhausen, Sauerland. 'D, growth-line at D=15, x6.66. 

KW 2059, Beil, Sauerland. E, cross-section at D=27 

(maximum), x3.331 HU P82.4, Beringhausen, Sauerland. 

Cyrtoclymenia angustiseptata (MUnster 1832) 

F, suture at D=36, x3.33. BSP AS VII 585, Munster COllection, 

Schubelhammer, Oberfranken. 
, 

Cyrtpclymenia plicata (Munster 1839) 

G, suture (reversed) at D ca .62, x1.66. BSP AS VII 584, 

Munster Collection, Schubelhammer, Oberfranken. 
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C t I 'yr oc ymenlQ Textfig. S.18b 

• .1 
U • ,fa 

/ -I"ht 
10 .- 0 0 ......... 
8 

6 0 
5 a~ 
4 

/0 
3 

/0 

2 0 
/0 

~ / r:J 20 
V 

1 0 ~ 
/ 
v 0/<0 10 

v 0 8 
/ /c V 6 

/ 
0 

-/ 5 
4 

WH 0 

1ill 3 

2 2 

0/ / b't 0'/ 20 
1 ' '/ 

v 
v 0 

[7 <yO', 
/ 

~o 
10 

/ 8 
0_ 0 -

- / V+ angustiseptata 6 
5 0- 5 
4 WW ;{~~ 0 subnodosa 

3 0 • inflata }I 
0 MfN 2 0 

V 0 involuta 
0 

1 /1 • crassa 

1 2 3 4 5 6 7 910 20 30 40 50 70 90100 

o 



\ 

Textfig. 5.19 

Gen. Nov. F stuckenbergi (Tokarenko 1903) 
, 

A, suture at D ca 15, WW=6, x6.661 GT 2016, Beil, ·Sauer-

land. B, rib at D=21, x6.661 KW 2058, Beil, Sauer~and. 

C, cross-section at D=20, x3.33J GT 2016, Beil. 

Gen. Nov. F costata (Munster '1842) 

D, rib at WH=7.3, x6.66, suture at WH=5.2, x6.661 BSP AS 

VII 606, Munster Collection, Geiser, Oberfranken. Figured 

by Munster 1842 (Pl. XI, figs. 16a-b). 

Gen. Nov. D subflexriosa (Munster 1840) 

Ei growth-line (reversed) D=18, WW=3.9, WH=8.5, x6.66J F, 

cross-section at D=15.9, x3.661 BSP AS VII 526, Munster 

Collection, Geiser, Oberfranken. Figured by MUnster 1840 

(pl. XV, fig. 10). 

Gen. Nov. D sp. 

G, growth-line and suture (both reversed) at D=60, x3.331 

KW 2076, Beil, Sauerland. 

Protornoceras sp. 

H, growth-line at D=30.5, 

at WW=5.9, WH=7.7, x3.331 

WW=8.2, WH=13.7 and suture (reversed) 

RE 551 734.5 A242/1, Torley 

Collections Enkeberg, Sauerland. 

Carinoclymenia beuelensis (Lange 1929) 

J, suture (reversed) at WW ca 4, WH=11, x81 MfN 5536, Muller 

Collection, Bed 1, AlteHeerstrasse, Schleiz. Figured by 

Muller 1956, fig. 8. K, growth-line (reversed) at D ca 43, 

WW=6.7, WH=24.8, x3.331 KW 2070, Beil, Sauerland. L, 

cross-section at D=15, x3.331 GT 2023, Beil, Sauerland. 

Gen. Nov. Esp. oS 

M, growth-line at WW=9, WH=18, and suture (reversed) at 

WW=10.9, WH=23, x3.33J N, cross-section at D=62, xl.51 

Mbg, Schindewolf Collection, La Serre, Cabrieres. Figured 

by Schindewolf 1923b, fig. 4f. 

Gen. Nov. Esp. b 

0, suture (reversed) at WH=5.5, xlOI BSP AS VII 528, MUnster 

Collection, Geuser, Oberfranken. 

Gen. Nov. F falcifera 

P, growth-line (reversed) at D~10, x41 BSP AS VII 533, Munster 
Collection, Geuser, Obe~franken. 
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Textfig. 5.22 Clymenia 

Clymenia laevigata (Munster 1839) 

A, cross-section at D=43, x21 SM HI0365; B, suture at 

D=30, x6.66; C, cross-section at D=81, xO.661 SM H10366, 

lectotype, Munster Collection, Schubelhammer, Oberfranken. 

Clymenia aff. spiratissima (Schindewolf 1923a) 

D, cross-section at D=49, x3.661 SM HI0364, Munster Coll

ection, Schubelhammer, Oberfranken. 
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Textfig. 5.23a Clymenia 

100 

70 

50 
40 
30 

20 

10 

'7 

5 
4 
3 

20 

10 

7 

5 
4 
3 

2 

1 

20 

10 

7 
5 
4 
3 

M-fl~~tf- .7_ U --- -.- I -. --,' 'I' --'--- /1--
-- -- -1------ t . -- - '.. I " ' • ----

>---f~ .:~:::: : . f~' .. : !t~ ,,~~:-~ f--+-'1- +------- , .- --- --1-1-' ., --' . --

+'~i-~1n~tr.~-
. ""'·1 I I i I~" ; 

I ; ~~ --I--1--W-r ! I 
-Ffr- ~ .. -'rr -- .. ..0 0 0·- --'+ <:: .----/+. --- I--

, l------- '--,,- t- - -.. -,-.---- ,-._--.-

r 

! II' r~·/ WH I ' I / 
----;----- f- -- f- ~ ., --

, I II · If/I I " I ! ! II . .( /! ; 
, i '. I +1 :! . 

- - --r-- .l/t=E~tt ---~+ .. --'~ - -r----
f- . +-- -- 0 c.;- -~rr-l =~=-1---

f-----

I ' 'I! I ' /. ---t'-T,r'----- -.---
I 0' . '1 

H-+~ Gt:o '-jl····--- ------

1-----

I I ++~. 
-- .. -- -- ------

i i ~i i 

ww --I-~- JJ _~ .. / .. y 

I I , ' ,. ! ...... 
Ii! /"'1 I! I. ; 1 '': / 

I--+-+-' -;-: i I _ ---l---.J ~/ ~ __ ,,~_.I _~ .::_-=~~_~ 

I 1 ' ! • c SM H10364 
2 .... j-- +1+ + - : !-i 0 cranoides 

iii I i I 0 cingula (a __ 
1 

4 567 910. 20 304050 70 100 200 
o 



Clymenia Textfig. 5.23b 
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Textfig. 5.24 Kosmoclymenia and Protoxyclymenia 

! 

Kosmoclymenia undulata pattisoni Selwood 1960 

A, suture and B, growth-line at D=48, WH=17, x3.331 GSM 

87043, Stourscombe Beds, Cornwall. Holotype of Kosmo. 

pattisoni Selwood (1960, pl. 27, fig. 1). 

Kosmoclymenia sublaevis (MUnster 1832) 

C - E, sutures (reversed) at WW=6.1, WH=5.9, x13.33, WW= 

3.3, WH=2.4, x13.33 and D=3.8, WW=1.4, WH=0.9, xI6.66; 78D 

1125.1, Korn COllection, Blisteinh8hle, Warstein. 

Kosmoclymenia colubrina (Lange 1929) 

F,G, growth-lines at WH=10.7 and WH=7.8, both x6.66; KW 

2081, Dasberg, Sauerland. 

Protoxyclymenia dunkeri (Munster 1839) 

H, growth-line at WW=5.,1, WH=6.9, x6.66; I, suture (reversed) 

at WW=4.6, WH=6.1, x6.66J J, cross-section at D=30, x3.331 

81D 6403.2, Korn Collection, W~schholz, Oberfranken; K, 

penultimate suture (reversed) at WH-S.5, x6.66, BSP AS VII 

559, lectotype, Gattendorf, Oberfranken. 

Protoxyclymenia serpentina (Munster 1832) 

L, growth-line and M, suture (both reversed) at WW ca 10, 

WH=14, x6.66, KW 2077, Beil, Sauerland. 
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Pro toxyc Iym en ia Textfig. 5.25b 
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Textfig. 5.26 Kosmoclymenia and Protoxyclymenia 

Protoxyclymenia dunkeri (Munster 1839) 

A, suture at WH=5.5, x7051 lectotype, BSP AS VII 559, 

MUnster Collection, Gattendorf, Oberfranken. 

Kosmoclymenia 

B, Kosme. sp. suture at WW=5.5, WH=8.9, x7.51 specimen 

from the lower Wocklumeria Stufe, Bilstein, Warstein. 

Dotted area represents the width of the septum where it is 

attached to the inner side of the shell wall. 

Kosmoclymenia (Group I) 

C, Kosmo. subundulata (Wedekind 1914), growth-line at WW=8, 

WH=12, x7.5a MfN c597, Schindewolf Collection, Ense, Wild

ungen, Kellerwald. 

~osmoclymenia (Group II) 

D, Kosmo. sp. g, growth-line at D=50, WW=12, WH=14, xlOa 

MfN c554, Dzikowiec, Poland. ,E, Kosmo. aff. sublaevis 

(MUnster) growth-line at D=45, WW=13, WH=15.5a NWGL, Ost

provinzial Steinbruch, Drewer. F, Kosmo. sp. d, growth

line at 0=20.5, WW=4.8, WH=5.5, x7.5a UEN 80, Munster 

Collection, Schubelh~~er, Oberfranken. G, Kosmo. sp. ~, 

growth-line at D=23.2, WW=4.7, WH=5.9, x7.5a SM HI0399, 

MUnster Collection, Schubelhammer, Oberfranken. 

Kosmoclymenia (Gro~p III) 

H, Kosmo. aff.' sp. h, growth-line at WW=4.1, WH=5.5, x7.51 

SM HI0400, MUnster Collection, Schubelhammer, Oberfranken. 

Kosmoclymenia (Group IV) 

I, Kosmo. sp. i, growth-line (reversed) at D=26, WW=7.1, 

WH=8.9, xlOa MfN c595, Beyrich COllection, Dzikowiec, Poland. 
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Textfig. 5.27 Kosmoclymenia 

Kosmoclymenia undulata (Munster 1832) 

A, cross-section at D=76, x3.33a SMF, proposed neotype, 

Bed 23, Reigern Quarry, Sauerland. D, cross-section at 

D ca 53, x3.33a HU P82.11, ?Bed 33 Reigern Quarry, Sauer

land. E, growth-line at WH=15, x3a HU P82.7, ?Bed 33, 

Reigern' Quarry, Sauerland. 

Kosmoclymenia subundulata (Wedekind 1914) 

B, growth-line at WW=8, WH ca 7, x6.66. C, cross-section 

at D=42.5, x41 SM HI0390, MUnster Collection, Schubelhammer, 

Oberfranken. H,l, growth-lines at D=38, WW ca 11 and WH= 

13.4, and WWca 9, WH=11.2, x6.66a MfN c597, Schindewolf 

Collection, Ense, Wildungen, Kellerwald. 

wolf (1957, fig. 41.8). 

Kosmoclymenia inaeguistriata (Munster 1832) 

Figured by Schinde-

F, growth-line at WW=9.5, WH=10.6, x7.66"G, cross-section 

at D=42, WW ca 12, WH=15,.9 (maximum) x2, and inset body 

chamber cross-section at WW=13, WH=16.5, x2. SM HI0376, 

proposed neotype, MUnster Collection, Schubelhammer, Oberfran-

ken. 
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Kosmoclymenia Textfig. 5.28b 
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Textfig. 5.29 Kosmoclymenia and Protoxyclymenia 

Kosmoclymenia aff. bisulcata (MUnster 1840) 

A,C, growth-lines at WW=10.5 and one whorl prior to this, 

x8J B, whorl cross-section at WW=11, WH=15.5 (maximum), 

x3.5a HU P82.12, Reigern Quarry, Sauerland. 

Protoxyclymenia serpentina (MUnster 1832) 

D, growth-line at D=70, x2.5, E, cross-section at D=92, 

x1.5a BSP AS VII 538, holotype, Munster Collection, SchUbel

hammer, Oberfranken. 

Kosmoclymenia similis (MUnster 1839) 

F, growth-line at D=23.9, x705a Mbg 3133, Bed 20, SChinde

wolf Collection, Kirch-Gattendorf, Oberfranken. 

Kosmoclymenia sp. i 

G, growth-line (reversed) at D=26, WW=7.1, WH=8.9, x10.75a 

MfN c595, Beyrich Collection, Dzikowiec, Poland. 

Kosmoclymenia subundulata (Wedekind 1914) 

H, growth-line (reversed) at WW=7.2, WH=9.5, x8, I, whorl 

section at R=15.13, and WW=7.3, WH=9.4 (maximum), x8a SM 

H10388, Munster Collection, Schubelhammer, Oberfranken. 

Kosmoclymenia aff. sp. h 

J, cross-section at R=13, x8, K, growth-line at D=21, WW= 

4.1, WH-5.5, x161 SM H10400, MUnster Collection, SChube1-

hammer, Oberfranken. 
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Textfig. 5.30 Genuclymenia 

?Genuclymenia sp. 

A, growth-line at WW=12.2, x3.33a KW 2067, W~schholz, 

Oberfranken. 

Genuclymenia frechi (Wedekind 1908) 

B, growth-line/rib (reversed), D ca 23, WW=7.9, WH=10.1, 

x6.66; C, suture, (reversed) at WH=6.2, x6.66a KW 2095, 

Beringhausen, Sauerland. 

Genuclymenia sp. 

D, growth-line (reversed), at WH=11.8, x6.66; E, suture 

~eversed) at WH=6.5, x6.66a KW 2066, W~schholz, Oberfranken. 

Genuclymenia guembeli (Wedekind 1908) 

F, growth-line (reversed) at WW=6.5, WH=5.5; G, suture 

(reversed) at WW=7.4, WH=7.6; H, whorl section at WH=11 

all x6.66a KW 2061, Wettmarsen, Sauerland. 

Genuclymenia aff. karpinskii (Perna 1914) 

I, suture (reversed), in two parts, external at WW=5.6, 

WH=7.5, x10, internal at WW=2.9, WH=3.0, x15; J, growth

line at WW=6.7, WH=8.1, x6.66a 80D 4511.1, Korn Collection, 

Enkeberg, Sauerland. 
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Textfig. 5.31 Cymaclymenia 

Cymaclymenia striata (Munster 1832) 

A, growth-line at Dz 34, WW=9, WH=13.7, x3.66; B, penultimate 

suture at D=28, WW=7, WH=10, x7.66; C, cross-section at D= 

35.8, x2.51 SM H10414, proposed neotype, MUnster Collection, 

Schubelhammer, Oberfranken. 

Cymaclymenia camerata (Schindewolf 1923a) 

D, cross-section at D=39.6, x2.5; E, growth-line at WHz 10, 

x6.66; SM H10415, MUnster Collection, Schubelhammer, Ober

franken. 

Cymaclymenia sp. 

F, suture (reversed) at WW=8, WH=11.5, x4; HU P82.19, House 

Collection, North Africa; G,H, sutures at WW=1.44, WH=1.88, 

x20, and WW=O.77, WH=O.76, x26.66; I, eighth suture (reversed) 

at WW=O.43, WH=O.38, x501 HU P82.18, North Africa.' 

Cymaclymenia sp. 

J, suture at WH=11.5, x5J K, whorl section at WH=11.1, x51 

SM H10381, MUnster Collection, SchUbelhammer, Oberfranken. 

Cymaclymenia involvens (Lange 1929) 

L, suture at R=13.5, WH=12, x3.331 MfN, paratype, Burg 

Wocklum, Sauerland. Figured by Lange 1929 (textfig. 24). 

Cymaclymenia evoluta (Schmidt 1924) 

M, suture at D=37, x3.31 RE 551 734.5 A373, Paul Collection, 

labelled "ES Bed 21 oberer Abschnitt, Ratingen, Cromford". 

Cymaclymenia cf. evoluta (Schmidt 1924) 

N, suture and 0, growth-line at D=80, WH=34 , x3.331 RE 

551 734.5 A371, Paul Collection, labelled "Scharpenhaus, 

north of Heiligenhaus'~. 
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Textfig. 5.320 
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Cymaclymenia striata grp. Textfig. 5.32b 
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Textfig. 5.33Cymaclymenia 

Cymaclymenia semistriata (MUnster 1832) 

A, growth-line, B, constriction and C, suture at D=18.1, 

U=7.1, WW=5.5; D, whorl section at WW=5.7, WH=7.4, all 

x3.66a SM H10416, Munster Collection, Schubelhammer, Ober

franken. 

Cymaclymenia sp. b 

E, growth-line (reversed) at WW=9.5, WH=15; F, suture and 

G, constriction (both reversed) at Dx 32.8, WW=11, WH=17, 

all.x3.66, H, (unlettered on the figure), cross-section 

at D=43, x2.5a SM H10406, Munster Collection, Schubelhammer, 

Oberfranken. 

Cymaclymenia aff. barbarae (Loewinson-Lessing 1892) 

I, growth-line at WH=14.8, and J, suture, at WH ca 13.5, 

x3.33a KW 2084, Reigern Quarry, Sauerland. 

Cymaclymenia serpentina (Schmidt 1924) 

K, growth-line at WW=8.9, WH=11.5, xS.33a UEN, ?MUnster 

Collection, ?Schubelhammer. 

Cymaclymenia sp. s 
L, cross-section at D=8.95, xS.8; M, growth-line at D=14.2, 

WH-7.5, x4a HU P82.5, Effenberg, Sauerland. N, whorl 

section at D=24, x3.33a SM H7534, Munster Collection, 

Schubelhammer, Oberfranken. 
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Textfig. 5.340 Cymaclymenia dorso ~ 
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Cymaclymenia dorsocosta grp Textfig. 5.34b 
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Plate 5.1 

All illustrations are natural size unless otherwise indicated. 

Hexaclymenia hexagona (Wedekind 1908) . 

Figs. 1,2, x3a Mbg; Kaske Collection, Enkeberg, Sauerland. 

Figs. 3,4, x3a Mbg; Kaske Collection, Enkeberg, Sauerland. 

Progonioclymenia (Progonioclymenia) aegoceras (Frech 1902) 

Figs. 5,6, x2a Mbg; Kayser Collection, Grosser Pal, Carnic 

Alps. 

Figs. 7,8, x2J 14, x5j 15, x10a Mbg 3130; Schwalm 

Collection, Braunau near Wildungen, Kellerwald. Figured 

by Schindewolf 1923a, pl. XVII, fig. 12, as Platyclymenia (1) 

acuticosta Braun. 

Endosiphonites (Costaclymenia) binodosa (Munster 1832) 

Figs. 9, x2; 101 MfN c429.7; Brugge Collection, .Bed 26, 

Alte Heerstrasse, Schleiz. Figured by Brugge 1973, pl. 1, 

fig. 5, as Costaclymenia binodosa. 

Endosiphonites (Costaclymenia) kiliani (Wedekind 1914) 

Fig. 11; MfN c429.6; Brugge COllection, Bed 16, Alte 

Heerstrasse, Schleiz. Figured by Brugge 1973, pl. 2, fig. 1, 

as Costaclymenia binodosa. 

Figs. 12,131 BM 81851; MUnster Collection, Schubelhammer, 

Oberfranken. 
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Plate 5.2 

All illustrations are natural size unless otherwise indicated. 

Endosiphonites (Costaclymenia) binodosa (Munster 1832) 

Fig. 11 proposedneotype MfN; Krantz Collection, Schubel-

hammer, Oberfranken. 

Endosiphonites (Costaclymenia) sp. indet. 

Fig. 2. BSP AS VII 588; MUnster Collection, SChubel-

hammer, Oberfranken. Figured by GUmbel 1863, pl. XIX, 

figs. 1a,b. The retrochoanitiC septal necks can be seen 

extending backwards three-quarters of the distance between 

adjacent, slightly concave septa. 

Ingosiphonites (Costaclymenia) kiliani (Wedekind 1914) 

Figs. 3,6,7. BSP AS VII 590; Munster Collection, SChubel-

hammer, Oberfranken. Figured by MUnster 1839, pl. XII, 

figs. 3a-c, as Clymenia binodosa. 

Figs. 4,5& SM H10385J Munster Collection, Schubelhammer, 

Oberfranken. 

Figs. 8,9. BSP AS VII 587; Munster Collection, SChubel-

hammer, Oberfranken. Figured by GUmbel 1863, pl. XIX, figs. 

1a-b, as Clymenia binodosa (photographs by M. R. House). 

Endosiphonites (Endosiphonites) enodis (Schindewolf 1937a) 

Figs. 10,11. holotype MfNJ Schwalm COllection, Braunau 

near Wildungen, Ke1lerwa1d. Figured by Schmidt 1924, pl. 

6, figs. 31a, as Costaclymenia Wysogorskii Frech. 

Endosiphonites (Endosiphonites) muensteri ,Ansted 1838 

Figs. 12,13. hOlotype SM H4010J Ansted Collection, Petherwin 

Beds, South Petherwin, Launceston, Cornwall. Figured by 

Ansted 1838, pl. VIII, figs. 1, 41 
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Plate 5.3 

All illustrations are natural size unless otherwise indicated. 

Gonioclymenia (Gonioclymenia) speciosa (Munster 1831) 

Figs. 1, x~, 9, x1~. BSP AS VII 595; MUnster Collection, 

Schubelhammer, Oberfranken 0 Figured by Munster 1839, pl. 

XVIII, fig. 6, as G. speciosus. A series of funnel-like 

structures can be seen on both figures. These are the 

contiguous rectrochoanitic septal necks and they seem to form 

a tube almost completely enclosing the siphuncle. 

Figs. 3, 4, ~~. BSP AS VII 538; MUnster Collection, 

Schubelhammer, Oberfranken. Figured by GUmbel 1863, pl. XIX, 

figs. 6a-c, but with inner whorls drawn in. 

Figs. 7, 8, xO.66. proposed lectotype, BSP; MUnster Coll

ection, Schubelhammer, Oberfranken. Possibly the specimen 

figured by Munster 1832, pl. VI, figs. la-c. 

Gonioclymenia (Gonioclymenia) subcarinata (MUnster 1839) 

Fig. 2. SM HI0409aJ MUnster Collection, Schubelhammer, 

Oberfranken. Inner whorls show a spinose nodation on the 

ventro-Iateral shoulder. 

Figs. 5, 6, ~~. proposed lactotype, BSP AS VII 596; MUnster 

Collection Schubelhammer, Oberfranken. 

1839, pl. XVIII, figs. la-c. 

Figured by Munster 
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Plate 504 

All illustrations are natural size unless otherwise indicated. 

Gonioclymenia (Gonioclymenia) speciosa (MUnster 1831) 

Figs. 1, 8a BSP AS VII 538, MUnster Collection, SChubelhammer, 

Oberfranken. Fig. lis a view of the reverse of the specimen 

in Pl. 5.3, Fig. 3, showing the poor nature of the preservation 

of the sutures, effected by weathering, filing and polish-

ing. Fig. 8 shows the whorl cross-section, which is more 

compressed than in Pl. 5.3, Fig. 4. 

Gonioclymenia (Gonioclymenia) spp. indet. 

Fig. 2, x61 SM Hl0387; Munster Collection, Schubelhammer, 

Oberfranken. The ornament of the early whorls can be seen, 

consisting of large spines projecting from the ventro-Iateral 

shoulder. 

Fig. 3, x2a BSP AS VII 519; Munster Collection, Schubel

hammer, Oberfranken. . Figured by GUmbel 1863, pl. XIX, 

fig. 8, as Clymenia cottai Munster. 

Gonioclymenia (Gonioclvmenia) aff. subcarinata (Munster 1839) 

Fig. 4, x2a BM 81839b, . Munster Collection, Schubelhammer, 

Oberfranken. This speci~en shows the shallow nature of the 

ventro-Iateral lobe. 

GOnioclymenia (Gonioclymenia) subcarinata (Munster 1839) 

Figs. 5, 6, 7, RE 551.734.5 A256; Torley COllection, 

Hovel, Sauerland. Figured by Wedekind 1914, pl. VI, fig. 6; 

this specimen is proposed as the lectotype of Gonioclymenia 

(Gonioclymenia) subcarinata praematura Wedekind 1914. 
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Plate 5.5 

All illustrations are natural size unless otherwise indicated. 

Gonioclymenia (Kalloclymenia) pessoides (von Buch 1838) 

Figs. 1-3, x1~& 
.. ~ . 

lectotype, MfN, DZ1kow1ec, Dolny SI~Sk. 

Figured by ¥on Buch 1838, taf. - Fig. I, 1-3 and Lange 1929, 

pl. 2, fig. 19. 

Gonioclymenia (Kalloclymenia) crassa (Wedekind 1914) 

Figs. 4-6; 7, xl~; 12, xS& proposed lectotype, RE 551. 

734.5 A255; Havel, Sauerland. Figure 7 shows the deep 

narrow pointed dorsal lobe and in Figure 12 can be seen the 

parabolic nodes on the ventrad part of the flank, diagnostic , 

of the subgenus Kalloclymenia. Each nodes marks the end of 

a distinct period of continuous growth, indicated by the 

different alignment of growth-lines on either side of the 

former apertures. This specimen was figured by Wedekind 

(1914, pl. VI, fig. 3) 

Gonioclymenia (KaIIOclymenia) uhligi (Frech 1902) 

Figs. 9-11. holotype MfN c550; 
... 

Dzikowiec, Dolny Sl,sko 

figured by Frech 1902, pl. II(I), fig. 1. The holotype is 

. poorly preserved and thus difficult to compare with other 

species of Kalloclym&nia. 

Gonioc1ymenia (Kalloclymenia) subarmata (Munster 1832) 

Figs. 8, x4; 13, 14 r~. lectotype, BSP AS VII 537; Munster 

Collection, Schubelhammer, Oberfr~nken. Parabolic nodes 

can be seen on the inner whorls. Figure 8 was figured by 

MUnster 1832, pl. VI, figs. 2a-c. (Photographs for Figs. 

13, 14 by M. R. House). 
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Plate 5.6 

All illustrations are natural size unless otherwise indicated. 

Gonioclymenia (Kalloclymenia) ?subarmata (MUnster 1832) 

Figs. 1, 21 BSP AS VII 593; MUnster Collection, Gattendorf, 

Oberfranken. Figured by MUnster, 1842, pl. XII, fig. 4. 

(Photographs by M. R. House). 

Fig. 31 SM H4015; Barnstaple. Holotype of Goniatites 

vinctus Sowerby 1840, figured by Sowerby in Sedgwick and 

Murchison 1840, pl. LIV, fig. 18. 

Fig. 4, x1~1 SM H10314; MUnster COllection, Schubelhammer, 

Oberfranken. Labelled as Goniatites angustus Munster, and 

proposed as the lectotype. 

Figs. 5, 6, x1~1 SM H10407; Munster Collection, Schubel

hammer, Oberfranken. Labelled as g. spurius MUnster, and 

proposed as the lectotype. 

Gonioclymenia (Kalloclymenia) insignis (Phillips 1841) 

Figs. 7, x3; 8, 10; 9, x21 holotype, GSM 7083; Petherwin 

Beds, Landlake limestone quarry, Launceston, Cornwall. 

Figured by Phillips 1841, pl. XLIX, fig. 228. 
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Plate 5.7 

All illustrations are natural size unless otherwise indicated. 

Gonioclymenia (Kalloclymenia) subarmata (Munster 1832) 

Figs. 1, 21 lectotype, BSP AS VII 537; Munster Collection, 

Schubelhammer, Oberfranken. Considered to be the specimen 

on which MUnster 1832, pl. VI, figs. 2a-c is based. 

Figs. 4, 51 SM H10394; Munster Collection, Schubelhammer, 

Oberfranken. Specimen on which the cross-section Textfig. 

5.9B is based. 

Goriioclymenia (Gonioclymenia) subcarinata (MUnster 1839) 

Fig. 31 holotype, BSP AS VII 596; MUnster Collection, 

Schubelhammer, Oberfranken. View of weathered side showing 

the suture with shallow adventive lobe (at three o'cloCk), 

(photograph by M. R. House). 
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Plate 5.8 

All illustrations are natural size unless otherwise ,indicated. 

Gonioclymenia (Subgen. Nov. B) wocklumensis (Lange 1929) 

Figs. 1, 5, 6, x21 holotype MfN; Lange Collection, Burg, 

Balve, Sauerland. Figured by Lange 1929, pl. II, figs. 18,a. 

Gonioclymenia (Subgen. Nov. ~) frechi (Lange 1929) 

Figs. 3, 41 holotype, MfN; Otto Collection, Dzikowiec, 

" Dolny Sla§lk. Note the small spines on the ventro-lateral 

shoulders of the inner whorls. Figured by Frech 1902, 

pl. II(I), figs. 14a,b. 

Gonioclymenia (Subgen. Nov. 12) biimpressa (von Buch 1838) 

Figs. 7-91 holotype, MfN; von Buch Collection, Dzikowiec, 

Dolny Slask. Figured by von Buch 1838, taf. - fig. II, 1-3. 

Gonioclymenia (Subgen. Nov. B) aff. wocklumensis (Lange 1929) 

Fig. 101 SM H10373; Munster Collection, Schubelhammer, 

Oberfranken. Specimen on which Textfigs.5.9H,I are based. 
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Plate 5.9 

All illustrations are natural size unless otherwise indicated. 

Sphenoclymenia intermedia (Munster 1832) 

Figs. 1, 21 SM H10397; Munster Collection, Schubelhammer, 

Oberfranken. The apertural direction is to the right-hand 

side of Fig. 2. 

Figs. 3-5, x%1 lectotype, BSP AS VII 586, MUnster Collection, 

Schubelhammer, Oberfranken. Specimen figured by GUmbel 

1863, pl. XXI, figs. 3a-c. (Photographs by M. R. House). 

Gonioclymenia (Subgen. Nov. A) brevispina (Lange 1929) 

Figs. 6, 7, x2; 8a MfNi Schindewolf Collection, Oberroding-

hausen railway-cutting, Balve, Sauerland. Bed 11 of SChinde-

wolf 1937a. 

Figs. 9, 10, x21 proposed lectotype, MfN, Dzikowiec, Dolny 

Figured by Frech 1902, pl. II(I), fig. 3a, in com-

bination with another specimen. Figure 10 is the same 

specimen as that illustrated in Figure 9, which is wetted to 

show the suture. 
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Plate 5.10 

All illustrations are natural size unless otherwise indicated. 

Gonioclymenia(?Gonioclymenia) sp. 

Figso 1, 21 BSP AS VII 591; MUnster Collection, Schubelhammer, 

Oberfranken. Labelled as CI. semicostata. This specimen 

differs from known species of Gonioclymenia (Gonioclymenia) 

by its denser ribbing, which continues over the only Slightly 

grooved venter. It greatly resembles the specimen figured by 

MUnster 1839, pl. XVI, figs. 2a-d as Clymenia semicostata, 

except that it has a ventral lobe. 

Sellaclymenia sp. 

Figs. 3; 4, x21 BSP AS VII 592; MUnster Collection, 

S chube I hammer , Oberfranken. Figured by GUmbel 1863, pl. XIX, 

figs. 3a-c, as MUnster's original of CI. semicostata, which it 

clearly is not. 

~ellaclymenia plana (Munster 1832) 

Fig. 5, (GT 2041); Trost Collection, Dasberg, Balve, 

Sauerland. 

Figs. 6, x1~J 7, x7; 10-12, lectotype, Fig. 10, MfN c601; 

Figs. 6, 7, 11, 12, BSP AS VII 594; Figure 6 shows the shape 

of the septa in sagittal section, and the siphuncle and septal 

necks, Figure 7 the early suture, and Figure 10 is the external 

mould of the specimen in Figure 12. 

Figs. 8, 91 BSP AS VII 589; MUnster COllection, SchUbel

hammer, Oberfranken. Figured by MUnster 1839, pl. XVI, 

figs. 2a-c. Proposed as the lectotype of CI. angulosa 

MUnster 1839. 
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Plate 5.11 

All illustrations are natural size unless otherwise indicated. 

Biloclymenia sp. 

Fig. 11 MfN; Schindewolf Collection, Beil, Balve. 

Figs. 3, 4, x1~a MfN; Schindewolf Collection, Enkeberg 

. (Marsberg). Figured by Schindewolf 1937a, pl. I, fig. 10. 

Figs. 7-9; 10, x4a KW 2091; Wunderlich Collection, Langen

holthausen, Balve. Figure 10 shows the wrinkle-layer on 

the venter of the preceding whorl, sealing over the pedicle 

valve of a disciniscid brachiopod and the tests of cemented 

Foraminifera. 

Biloclymenia bilobata (MUnster 1839) 

Figs. 2, x4; 5, 6, xSa BSP AS VII 524; Munster Collection, 

Schubelhammer, Oberfranken. 
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Plate 5.12 

All illustrations are natural size unless otherwise indicated. 

Platyclymenia (Platyclymenia) clarkei Schindewolf 1923a 

Figs. 1,2, x2. lectotype, Mbg 3128; Schindewolf· Collection, 

Bed 14, Kirch-Gattendorf, Oberfranken. . Figured by Schinde

wolf (1923a,pl. XVII, fig. 10). 

Platyclymenia (Platyclymenia) annulata (MUnster 1832) 

Figs. 3,4, xl. Mbg 3125; Schindewolf Collection, Bed 14, 

,Kirch-Gattendorf, Oberfranken. 

(1923a, pl. XVII, fig. 7). 

Figured by Schindewolf 

Fig. 5, x2. MbgJ Schindewolf Collection, Bed 14, Kirch

Gattendorf, Oberfranken. 

'Fig. 8, x21 MbgJ Schindewolf Collection, Bed 14, Kirch

Gattendorf, Oberfranken. 

P1atyclymenia (Platyclymenia) richteri (Wedekind 1914) 

Fig. 6. SMMJ' Brakensiek COllection, Beil, Balve. Figured 

by Wedekind 1914, pl. III, fig. la, (photograph by D. Korn). 

Figs. 7, x4; 9-11, x2J 12, x61 Mbg 3126; Langenaubach. 

Some of the ribs appear to intersect the growth-lines over 

the ventro-Iateral shoulder, and therefore are transitional 

between Platyclymenia and Trigonoclymenia-type ribbing. 
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Plate 5.13 

, All illustrations are natural size unless otherwise indicated. 

Platyclymenia (Platyclymenia) richteri Wedekind 1914 

Figs. l,12,x4; 3,4,5,8, x2; HU P82.3; 1 shows the wrinkle-

layer concordant with growth-lines, and the string-like keel 

over the venter; 12 shows the periodic prominent ribs of the .. 
inner whorls, which cut across the intermediate growth-lines. 

Fig. 2, x21 HU P82.6; Waschholz, Oberfranken. 

Fig. 101 MfN; ?Munster Collection, Schtibelhammer, Oberfranken. 

Platyclymenia (Platyclymenia) quenstedti Wedekind 1914 

Figs. 6,7, x1~1 Mbg 3153; Bed 14, Kirch-Gattendorf, Ober

franken, ?figured by Schindewolf 1923a, textfig. 19a. 

Platyclymenia (Platyclymenia) nodosa (GUmbel 1863) 

Figs. 9,111 BSP AS VII 600; proposed lectotype. 

by GUmbel 1863, pl. XVIII, 11a,b. 

See. 1> ,5Z)3 ~ jGXt:p·Cf. 7. r f,r tt1..t.. 
~"'i ~~ &}- I~ Sf<-c.i.wu.<. 

Figured 





Plate 5.14 . i 

All illustrations are natural size unless otherwise indicated. 

Platyclymenia (Platyclymenia) guenstedti Wedekind 1914 

Figs. 1,2, x2; 5, x10; 6,7, x31 RE 551 734.5 A150/!, 

Beil, Balve. 

Figs. 3,4, x21 MfNJ Schindewolf Collection, Hauern, 

Wildungen. 

Notice the ventral band on the venter. This species may 

be an antecedent of Aktuboclymenia and the Clymeniidae. 
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Plate 5.15 

All illustrations are natural size unless otherwise indicated. 

Platyclymenia (Platyclymenia) subnautilina (Sandberger 1855) 

Figs. 1,9,10, x1~' Wsb. 

Figs. 2,3, x1~. Wsb. 

Figs. 4,8, x1~1 Sandberger Collection, Kirschhofen, Weilburg. 

Parts of the specimens in'Figs. 8-10 make up Sandberg~r 1855, 

pl. I, figs. la-f. Figs. 4,8 are proposed as the lectotype 

and syntype, respectively. 

Platyclymenia (Platyclymenia) ?annulata (MUnster 1832) 

Fig. 5, x2. Mbg; Schindewolf COllection, Bed 14, Kirch-

Gattendorf, Oberfranken. Labelled as Plat. annulata 

densicosta. 

Platyclymenia (Platyclymenia) sp. (Schindewolf 1923a) 

'Figs. 6,7, x2. BSP ii 122; Glass Collection, Kirch-

Gattendorf. Figured by Schindewolf 1923a, pl. XVII, figs. 

13a,b, as Platyclymenia denckmanni, and proposed here as the 

lectotype .' 
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Plate 5.16 

All illustrations are natural size unless otherwise inaicated. 
/ 

Platyclymenia (Platyclymenia) sp. 

Fig. 1, x21 Mbg;> Schindewolf Collection, Kirch-Gattendorf, 

Oberfranken. HOlotype of Plat. walcotti var. raricosta 

Schindewolf 1923a. 

Platyclymenia (Pleuroclymenia) crassissima Schindewolf 1955 

Figs. 2,3,10, 'xli holotype Mbg 3154; ?Schindewolf Collection, 

Kirschhofen, Weilburg. 

Platyclymenia (Platyclymenia) prorsostriata Schindewolf 1923a 

Fig. 4, xli Mbg 3127; Schindewolf Collection, Bed 11, 

Kirch-Gattendorf, Oberfranken. Proposed as the lectotype. 

Platyclymenia pattisoni (M'Coy 1851) 

~ Figs. 5,6, x21 holotype SM H990; lower Petherwin Beds, 

Landlake Quarry, Launceston. 

lIA, fig. 11.' 

Figured by M'Coy 1851, pl. 

?Stenoclymenia valida (Phillips 1841) 

Figs. 7,8, xli holotype, GSM 7176; lower Petherwin Beds, 

Landlake Quarry, Launceston. 

pl. LIV, fig. ,245. 

Figured by Phillips 1841, 

Platyclymenia (Platyclymenia) valida sensu auctt. 

Fig. 9, xli MfNJ Muller Collection, Bed 1, Alte Heerstrasse, 

Schleiz. Figured by Muller 1956, pl. 2, fig. 20. 
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Plate 5.17 

All illustrations are natural size unless otherwise indicated. 

Platyclymenia (Trigonoclymenia) cf. barrandei (Wedekind 1914) 

Fig. 1, x2a MfN; Schindewolf Collection, Hauern, Wildungen. 

Platyclymenia (Trigonoclymenia) §I2inosa (Munster 1842) 

Figs. 2,3, x1~1 proposed lectotype, 'ESP AS VII 598; Munster 

COllection, Schubelhammer, Oberfranken. Figured by MUnster 

1842, pl. XI, figs. 15a,b. 

Figs. 4,7, x61 ESP AS VII 522; Munster Collection, SChubel

hammer, Oberfranken. 

Figs. 5,6, x4a ESP AS VII 521; Munster Collection, SChubel

hammer, Oberfranken. 

Fig. 8, x21 KW 2064; Wunderlich Collection, Scnubelhammer, 

Oberfranken. 

I 
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Plate 5.18 

All illustrations are natural size unless otherwise indicated. 

Clymenia cingulata .GUmbel 1863 

Fig. 1, x1~1 MfN (ex Mbg); Braunau. Figured by Schinde-

wolf 1923a, pl. XVIII, fig. 5. 

Clymenia spiratissima (Schindewolf 1923a) 

Fig. 2, x21 MfN; ?Munster Collection, Schubelhammer, 

Oberfranken. 

Figs. 3, x3; 4, x111 UEN; ?MUnster Collection, SchUbel-

hammer, Oberfranken. 
, 

Clymenia laevigata (MUnster 1831) 

Figs. 5,61 BSP; Munster Collection, SchUbelhanuner, 

Oberfranken. ?Figured by GUmbel 1863, pl. XVI, figs. 6a. 

Labelled as Cl. semiplicata. 

Figs. 7,81 proposed lectotype SM HI0366; Munster Collection, 

Schubelhammer, Oberfranken. 

Figs. 9,101 BSP AS VII 601; MUnster Collection, SChubel-

hammer, Oberfranken. Figured by GUmbel 1863, pl. XVI, figs. 

7a-c, as ~. laevigata var. elliptica. 

Figs. 11,121 BSP AS VII 603; MUnster Collection, SChubel-

hanuner, Oberfranken. Figured by Munster 1832, pl. 1, figs. 

Id-f. 

Figs. 13,14, xO.751 BSP AS VII 605; MUnster Collection, 

Schubelhanuner, Oberfranken. (Photographs by M. R. House). 
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Plate 5.19 

All illustrations are natural size unless otherwise indicated. 

Ornatoclymenia ornata (Munster 1834) 

Fig. 1, x31 Mbg;. Ziegelei Muller, Ullendahl, Elberfeld. 

Figs. 2,3, x21 BSP AS VII 551; Munster COllection, 

Schubelharnrner, Oberfranken. Figured by GUmbel, 1863, pl. 
I 

XVIII, 'figs. lOa-c. 

Figs. 5-7, xli proposed lectotype, BSP AS VII 550; Munster 

,Collection, Schubelhammer, Oberfranken. 

Figs. 12,13, x21 MfN; ?Munster Collection, Schubelharnrner, 

Oberfranken. 

Piriclymenia piriformis (Schmidt 1924) 

Fig. 4, x31 MfN; Schindewolf Collection, south south east 

of Dahlsen (Neheim-Husten). Figured by Schindewolf 1937a, 

fig. 4. 

Figs. 8,9, x21 lectotype, MfN; ?Lotz Collection, labelled 

Estinghausen/H8rnberg. 

Sulcoclymenia sulcata (Schindewolf 1923a) 

Figs. 10,11, x31 proposed lectotype, Mbg 3129al Schinde-

wolf Collection, Bed 10, Kirch-Gattendorf, Oberfranken. 

Fig. 14,15, x31 HU P82.1; sample 388/3, Geuser, Oberfranken. 

Figs •.. 16,17, x41 Mbg 3129b; Schindewolf Collection, Bed 10, 

,Kirch-Gattendorf, Oberfranken. 

Sulcoclymenia aff. sulcata (Schindewolf 1923a) 

Fig. 18, x31 HU P82.2; sample 403/6, W§schholz, Oberfranken. 

Sulcoclymenia sulcata (Schindewolf 1923b) 

Fig. 19, x21 KW 2065; Wunderlich Collection, W§schholz, 

Oberfranken. 
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Plate. 5020 

All illustrations are natural size unless otherwise indicated. 

Clymenia spiratissima (Schindewolf 1923a) 

Figs. 1, x21 BM C83292; ?MUnster Collection, Schubelhammer, 

Oberfranken. 

Clymenia laevigata (Munster 1831) 

Fig. 21 BM C82328; Munster Collection, SChubelhammer, 

Oberfranken. 

Kosmoclymenia (Group II) sublaevis (Munster 1832) 

Fig. 3, x4, Fig. 4, x1~1 BM 81830; Munster Collection, 

Schubelhammer, Oberfranken. Fig. 3 shows the course of 

the growth-lines over the venter. 

Ornatoclymenia ornata (Munster 1834) 

Figs. 5-7, x21 SM H10382; MUnster Collection, Schubelhammer, 

Oberfranken. 

Clymenia laevigata (MUnster 1831) 

Figs. 8,91 SM H10368; MUnster Collection, Schubelhammer, 

Oberfranken. 

Figs. 12,131 SM H10365; MUnster Collection, Schubelhammer, 

Oberfranken. 

Figs. 14,15& BSP; MUnster Collection, Schubelhammer, 

Oberfranken. 

Clymenia aff. spiratissima (Schindewolf 1923a) 

Figs. 10,111 SM H10364; MUnster Collection, SchUb elhammer, 

Oberfranken. 

Protoxyclymenia cf. serpentina (MUnster 1832) 

Figs. 16,171 BM C34762; Lee COllection, SchUbelhammer, 

Oberfranken. 
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Plate 5.21 

All illustrations are natural size unless otherwise indicated. 

Kosmoclymenia (GroupI) inaeguistriata 

Figs. 1, x2; 2, x4. HU P82.8; Clymenia Stufe, Mussenberg, 

Sauerland. This specimen shows growth-lines which continue 

over the ventro-Iateral shoulder to form a pair of raised 

flares running around the ventral margin. Also the aperture 

shows what is interpreted as adult modification, where there 

are plicate ribs and an elongation of the ventro-Iateral 

growth-line salient. 

Figs. 4, x2; 5, x3; 7, x41 HU P82.10; Wocklumeria Stufe, 

Havel, Sauerland. This specimen has a series of contiguous 

low spines. The wrinkle-layer is better shown in Pl. 5.23, 

Fig. 10. 

Kosmoclymenia (Group I) 'undulata (MUnster 1832) 

Figs. 3; 8, x41 HU P82.9; ,Wocklumeria Stufe, Reigern 

Quarry, Sauerland. 

venter. 

Short isolated spines project from the 

Kosmoclymenia (Group I) subundulata (Wedekind 1914) 

Fig. 6, x4. MfN; MUnster Collection, Schubelhammer, Ober-

franken. This specimen shows the '~Externbandtt of German 

authors particularly well, consisting of a series of semi

circular ridges running across the venter, crossed by a series 

of convergent lirae. This preservation is typical of 

specimens whose ventral spines or flares have been removed 

by preparation. 
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Plate 5022 

All illustrations are natural size unless otherwise indicated. 

Kosmoclymenia (Group II) aff. sublaevis (Munster 1832) 

Figs. 1, x2; 2,4; 3, x21 NWGL; Ostprovinzial Steinbruch, 

Drewer, Sauerland. 

Kosmoclymenia (Group I) undulata (MUnster 1832) 

Fig. 51 HU P82.11; Reigern Quarry, Sauerland. 

whorls are very faintly ribbed. 

The inner 

Figs. 6,71 SMF; proposed neotype, Bed 23, Reigern Quarry, 

Sauerland. This large example, sectioned and illustrated 

in Textfig. 5.27A, shows the development of a tabulate venter 

with remnants of spine bases (Fig. 6), and flattened flanks 

on the mature body-chamber. 

Figso 8,91 BM C83295; Munster Collection, Schubelhammer, 

Oberfranken. 

Fig. 101 HU P82.7; Reigern Quarry, Sauerland. The faintly 

S-shaped growth-lines which characterise this group of Kosmo-

clymenia are clearly visible on this specimen, and Fig. 2. 
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Plate 5.23 

All illustrations are natural size unless otherwise indicated. 

Kosmoclymenia ?linearis (Munster, 1832) 

Figs. 1,2, x1~. MfN; Schindewolf Collection, Kirch

Gattendorf, Oberfranken. Labelled by Schindewolf as ~. 

linearis. 

Kosmoclymenia (Group I) inaeguistriata (Munster 1832) 

Figs. 3, x2~; 4, x3. SM H10377, MUnster Collection, Schubel

hammer, Oberfranken. This specimen shows the normal mode 

of preservation of the venter of Kosmoclymenia. The spines 

themselves have been broken off during preparation, leaving 

the characteristic half-circle bases with converging lirae 

between them (see also Pl. 5.29, Fig. 4). 

Kosmoclymenia cf. subundulata (Wedekind 1914) 

Figs. 5-7, x2; 8,9, x6. SM H10389J~ MUnster collection, 

Schubelhammer, Oberfranken. This particularly well preserved 

specimen shows the effect of shell damage and the dorsal 

wrinkle-layer. Shell damage is visible on both sides of the 

shell (Fig~. 6-9). Immediately fOllowing an oblique fracture 

of the apertural region shell secretion has resumed from a 

point just inside it so that the two shell layers overlap. 

The irregular margin of the ,fracture was rapidly infilled 

by shell growth (Fig. 8). The growth-lines are continuous 

over the ventral band, and a further six growth-lines were 

formed beyond the former aperture, before spine growth was 

resumed, where there are again a disproportionate number of 

flank to ventral growth-lines. 

The dorsal wrinkle-layer consists of a series of sub

parallel sinuous ridges, running from side to side and con

fined to the overlapped area of the preceding whorl (Fig. 8). 

The thin string-like keel formed on the venter of clymeniids, 

can be clearly seen. This is also confined to the overlapped 

area, and it is overlain by the wrinkle-layer. Traces of 

the umbilical seams, delimiting the overlapped area are visible 

in Fig. 8. 

Kosmoclymenia (Group I) inaeguistriata (MUnster 1832) 

Fig. 10, x10. HU P82.10; Hovel, Sauerland, Clymenia Stufe. 

The pockled texture is interpreted as a mould of the original 

shell texture on the internal ventral surface of the body 

chamber. The arcuate ridges are coincident with spine bases 

(see also Pl. 5.21, Figs. 1,2). 





Plate 5.24 

All illustrations are natural size unless otherwise indicated. 

Kosrnoclyrnenia (Group I) cf. inaeguistriata (MUnster 1832) 

Figs. 1,2& BSP AS VII 597; MUnster Collection, SchUbel-

hammer, Oberfranken. Figured by GUmbel 1863, pl. XVII, 

figs. 4a,b. 

Kosrnoclyrnenia (Group III) cf. bisulcata (MUnster 1840) 

Figs. 3,4& Wsb; Petherwin Beds, ?Petherwin, Cornwall. 

Kosmoclymenia (Group I) sp. ~ 

Figs. 5,6& BSP 1886 III 27; Dzikowiec, Poland. 

Kosmoclymenia (Group I) inaeguistriata (MUnster 1832) 

Figs. 7,8. MfN c541; Denckmann Collection, Dasberg. 

Figured as 0xyclyrnenia undulata var. elegantula by Schmidt 

1924, pl. 7, figs. 7,a. 

Figs. 9-11& proposed lectotype SM H10376J MUnster Collection, 
I 

Schubelharnrner, Oberfranken. 

Kosmoclymenia (Group I) subundulata (Wedekind 1914) 

Figs. 12,13& Mbg/MfNJ Schindewolf Collection, Bed 18, upper 

Clymenia Stufe, Kirch-Gattendorf, Oberfranken. Figured by 

Schindewolf 1923a, pl. XVIII, fig. 8. 

Figs. 14,15. MfN c597J Schindewolf COllection, Ense, 

Wildungen. Figured by Schindewolf 1957, textfig. 41.8. 

Fig. 16& proposed lectotype, GPI; Wedekind Collection, 

Dasberg, Sauerland. 

Figs. 17,18, x1~. MfN/MbgJ Schindewolf Collection, Bed 18, 

upper Clymenia Stufe, Kirch-Gattendorf, Oberfranken. Figured 

by Schindewolf 1923a, pl. XVIII, fig. 9. 

Kosmoclymenia (Group I) linearis (MUnster 1832) 

Figs. 19,10, x1~& MfN/ex MbgJ Schindewolf Collection, Bed 

20, lower Wocklurneria Stufe, Kirch-Gattendorf, Oberfranken. 

Figured by Schindewolf 1923a, pl. XVIII, fig. 7. 
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Plate 5.25 

All illustrations are natural size unless otherwise indicated. 

Kosmoclymenia (Group II) sp. f 

Figs. 1,21 MfN; von Buch Collection, Dzikowiec, Poland. 

The growth-lines over the flanks are barely biconvex, and 

the ratio of growth-lines On the flank and venter is 111. 
Figs. 10,111 MfN c544; Dzikowiec, Poland. 

Kosmoclymenia (Group. II) carinata (Ansted 1838) 

Figs. 3,41 holotype SM H4011; Ansted Collection, 1Pether

win Beds, Launceston, Cornwall. Figured by Ansted 1838, 

plo VIII, figs. 2 • 

. Kosmoclymenia (Group II) sublaevis (Munster 1832) 
Figs. 5,61 proposed hOlotype BSP AS VII 540; Munster 

COllection, Schubelhammer, Oberfranken. 

Kosmoclymenia (Group II) aff. sp. ~ 

Figs. 7-9, x21 SM H10399; MUnster Collection, SchUbelhammer, 
Oberfranken. Although ·this specimen is small it has a 

distinctive whorl cross-section and widely spaced faint 

rursiradiate growth-lines. 

Kosmoclymenia (1 Group II) coronata (Schmidt 1924) 
Figs. 12, x3; 13, x21 proposed lectotype, MfN; Denckmann 

COllection, Dasberg, Sauerland. 

Kosmoclymenia (Group II)wocklumeri (Wedekind 1914) 

Figs. 14; 17, x41 BM 81854; MUnster Collection, Schubel
hammer, Oberfranken. The growth-lines (Fig. 17) are so 

rursiradiate that they are no longer biconvex, consisting 

simply of a COnvex salient over the flank, and a ventral 

sinus. 

Kosmoclymenia (Group II) sp. d 

Figs. 15, x2J 16, x31 Univ. Erlangen-Nurnberg 80; MUnster 

Collection, Elbersreuth, Oberfranken. The uninterrupted 

course of the growth-lines over the venter. characteristic 

of this grou~can be seen in Fig. 16. 
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Plate 5.26 

All illustrations are natural size unless otherwise indicated. 

Kosmoclymenia (Group III) cOlubrina (Lange 1929) 

Fig. 1, x21 MfN; ? Wildungen, Kellerwald. 

Kosmoclymenia (Group III) colubrina (Lange 1929) 

Figso 2,3,41 holotype MfN; Clymenia Stufe, Dasberg, Sauer-

land. Figured by Lange 1929, pl. 3, fig. 39. 

Figs. 4,5,x21 MfN; Zwester Weg, Ense, Wildungen, Kellerwald. 

Kosmoclymenia (Group III) aff. sp. h 

Fig. 6, x21 SM H10400; Munster Collection, Schubelhammer, 

Oberfranken. 

~osmoclymenia (Group III) sp. h 

Figs. 7,8, x21 MfN; Otto Collection, Dzikowiec, Poland. 

Kosmoclymenia (Group III) bisulcata (Munster 1840) 

Fig. 9, x1~; Figs. 112,131 proposed lectotype, BSP AS VII 

543; MUnster Collection, Schubelhammer, (photographs for 

Figs. 12,13 kindly provided by M. R. House). 

Protoxyclymenia serpentina (Munster 1832) 

Figs. 10,111 holotype, BSP AS VII 535; Munster Collection, 

Schubelhammer, Oberfranken. 

Kosmoclymenia aff. bisulcata (Munster 1840) 

Figs. 14,16; 15, xl~1 HU P82.12; collected loose, Reigern 

Quarry, Sauerland. 
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All illustrations are natural size unless otherwise indicated. 

Kosmoclymenia (Group IV) aff. similis (Munster 1839) 

Figs. 1,2, x21 Mbg; Drevermann Collection, Langenaubach. 

Figs. 3,4,5, x21 Mbg; Kreigen Collection, Langenaubach. 

Kosmoclymenia (Group IV) aff. similis (Munster 1839) 

Fig. 6, x1~1 MfN; Dzikowiec, Poland. 

Kosmoclymenia (Group IV). sp. i 

Figs. 7-9, x1~1 MfN c595; Beyrich Collection, Dzikowiec, 

POland. 

Kosmoclymenia (Group I) subundulata (Wedekind 1914) 

Figs. 10-121 MfN; MUnster Collection, Schubelhammer, 

Oberfranken. 

Kosmoclymenia (Group IV) semistriata (MUnster 1839) 

Figs. 16,17, x21 proposed lectotype, BSP AS VII 532; Munster 

Collection, Schubelhammer, Oberfranken. 

1863, pl. XVII, fig. 6. 

Figured by GUmbel 

Kosmoclymenia (Group IV) similis (MUnster 1839) 

Figs. 13,14, x21 Mbg 3133; Schindewolf COllection, Bed 20, 

lower Wocklumeria Stufe, Kirch-Gattendorf, Oberfranken. 

Fig. 15, x21 proposed lectotype, BSP AS VII 544; Munster 

Collection, Schubelhammer, Oberfranken. ? Figured by 

GUmbel 1863, pl. XVII, figs. Sa-d. 

Kosmoclymenia (Group I) subundulata (Wedekind 1914) 

Figs. 18, x1~1 SM H10388; Munster Collection, Schubel

hammer, Oberfranken. 

Kosmoclymenia (Group II) sp. g 

Figs. 19, 201 MfN; Dzikowiec, Poland. 
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All illustrations are natural size unless otherwise indicated. 

Protoxyclymenia dunkeri .(Munster 1839) 

Fig. 1, xl~1 proposed lectotype, BSP AS VII 559; MUnster 

Collection, Gattendorf, Oberfranken. 

1863, pl. XVI, figs. 3a-c. 

?Figured by GUmbel 

Figs. 4,5, x1.66a 80D 6403.2 Korn Collection, Waschholz, 

Oberfranken. 

Kosrnoclyrnenia (Group I) subundulata (Wedekind 1914) 

Figs. 2, x5; 10,11, x1~a SM H10390; MUnster Collection, 

Schubelhammer, Oberfranken. 

Figs. 3, x8; 6,7, x2a HU P82.13; Havel, Sauerland. 

Genuclyrnenia cf. karpinskii (Perna 1914) 

Figs. 8,9,12,13, x2. MfN; Estinghausen or Hamberg. 

Protoxyclyrnenia serpentina (MUnster 1832) 

Figs. 14,15. KW 2077; Wunderlich Collection, Beil. 
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All illustrations are natural size unless otherwise indicated. 

Kosmoclymenia (Group I) subundulata (Wedekind 1914) 

Figs. 1-3, x4a HU P82.14; Beil. Shows the nature of the 

dorsal wrinkle-layer over the impressed part of the flanks 

and the venter. 

Kosmoclymenia (Group I) sp. 

Figs. 4, x5; 5',6, x21 HU P82.15; Beil. Shows the nature 

of the ventral band, and the lirae running between adjacent 

spine bases. 

Kosmoclymenia (Group I) inaeguistriata (Munster 1832) 

Figs. 7, x2; 8, x5; 9, x6a KW 2080; Kasberg, Langen

holthausen. Shows the nature of shell repair, and the 

associated loss of ventral spines. 

Figs. 10, x10; 11, x10; 12, x31 KW 2093. Fig. 10 shows 

the ventral wrinkle-layer impression, and Fig. 11 is a close

up of Fig. 12, showing moulds of borings into the internal 

side of the flank. 
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Plate 5.30 

All illustrations are natural size unless otherwise indicated. 

Gen. Nov. F stuckenbergi (Tokarenko 1903) 

Figs. 1,2, x2.KW 2058; Beil, Sauerland. 

Gen. Nov. F ?decorata (Munster 1840) 

Fig. 3, x2~ •. MfN; MUnster Collection, Geuser, Oberfranken. 

Figs. 4, x10; 8, x51. BSP AS VII 533; MUnster Collection, 

Geuser" Oberfranken. 

Gen'. Nov. F aff. costata (Munster 1842) 

Fig. 5, x1~. BSP AS VII 529; Munster Collection, Geuser, 

Oberfranken. 

Gen. Nov. F costata (Munster 1842) 

Figs. 6,7, x21 proposed lectotype, BSP AS VII 606; Munster 

Collection, Geuser, Oberfranken. Figured by Munster 1842 

pl. XI, figs. 16a,b. 

Gen. Nov. ~ aff. subflexuosa (Munster 1840) 

Fig. 9, x41 BSP AS VII 527; Munster Collection, Geuser, 

Oberfranken. 

Gen. Nov. f subflexuosa (Munster 1840) 

Figs. 10,11, x41 BSP AS VII 526, holotype; Munster Collection, 

Geuser, Oberfranken. Figu'red by GUmbel 1863" pl. XV, figs. 

lOa-c. 

Kosmoclymenia sp. 

Fig. 121 BSP; Munster Collection, Schubelhammer, Oberfranken. 

Figured by GUmbel 1863, pl. XVII, fig. Ig. 

Kosmoclymenia undulata pattisoni Selwood 1960 

Figs. 13, x3; 18. GSM 87043, holotype; Selwood COllection, 

Stourscomhe Beds (endogona Subzone), Stourscombe, Cornwall. 

Kosmoclymenia aff. undulata (Munster 1832) 

'Figs. 14, 15, x1~. Mbg; Braunau, Wildungen, Kellerwald. 

KQsmoclymenia colubrina (Lange 1929) 

'Figs. 16, x2; 17. KW 2081; Dasberg summit, Sauerland. 
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Plate 5.31 

All illustrations are natural size unless otherwise indicated. 

Gen. Nov. D flexuosa (Munster 1840) 

Fig. 1, x1~1 Mbg 3121; Schindewolf Collection, Bed 11, 

Kirch-Gattendorf, Oberfranken. 

Fig. 2, x2. BM 81856, proposed neotype; Munster Collection, 

Geuser, Oberfranken. 

Gen. Nov. Esp. b 

Fig. 3, x21 BSP AS VII 528; MUnster Collection, Geuser, 

Oberfranken. 

Gen. Nov. D acuta (Schmidt 1924) 

Figs. 4-6, c1~1 MfN; Zwester Weg, Ense, Wildungen. Figured 

as Cyrtoclymenia acuta by Schmidt 1924, pl. 6, figs. 30,a. 

Gen Nov. 12 kayseri (Drevermann 1901) 

Fig. 7, x2.66. BSP,AS VII 523; Munster Collection, Geuser, 
. 

Oberfranken. 

'Fig. 8, x3. 348/1. Geuser, Oberfranken. 

Rectoclymenia arietina (Sandberger 1853) 

Figs. 9,10, x2. Wsb. Sandberger Collection, Enkeberg, 

Sauerland. Figured by Sandberger 1853, pl. VII, figs. 5a-c. 

Gen. Nov. F ?subflexuosa (MUnster 1840) 

Figs. 11,12. Mbg 3021. Schindewolf Collection, Bed 11, 

Kirch-Gattendorf, Oberfranken. 

Gen. Nov. D sp. 

Figs. 13,14. GT 2015. Beil, Sauerland. 

Figs. 15,16. KW 2076. Beil, Sauerland. 
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Plate 5.32 

All illustrations are natural size unless otherwise indicated. 

Carinoclymeriia beuelensis (Lange 1929) 

Figs. 1-3,6, x1~; 9, x10; 10, x31 KW 2070; annulata 

Zone, Beil, Sauerland. Figs. 9 and 10 are enlargements 

of small areas visible on Fig. 6. Fig. 9 sho~s the internal 

mould of the pit-like ventral wrinkle-layer, and Fig. 10 

. shows the anastomosing radial s·triations of the dorsal wrinkle

layer. 

Fig. 4, x41 GT 2021; annulata Zone, Beil, Sauerland. 

This specimen shows particularly well the serrate nature of 

the ventral margin, resulting from the formation of weak 

riblets. 

Fig. 5, x41 GT 2022; annulata Zone, Beil, Sauerland. 

Fig. 7, x41 GT 2023; annulata Zone, Beil, Sauerland. 

Fig. 81 MfN; Bed 1, annula.ta Zone, Alte Heerstrasse, 

Ottersdorf, Thuringia. Specimen figured by Muller 1956, 

pl. 1 , fig. 9. 

Figs. 11,12, x21 MfNJ holotype, Lange COllection, annulata 

Zone, Beil, Sauerland. 
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Plate 5.33 

All illustrations are natural size unless otherwise indicated. 

Protornoceras planidorsatum (Munster 1834) 

Fig. 1, xl~1 GT 2001; Trost COll~ction, Beil, Sauerland. 

Figs. 6, xl~; 7, x21 GT 2004; Trost Collection, Beil, 

Sauerland. 

Protornoceras sp • 

. Figs. 4,5, xl~1 RE 551 734.5 A242/1; Torley Collection, 

Enkeberg, Sauerland. 

Sellaclymenia torleyi (Wedekind 1914) 

Figs. 2,3. RE 551 734.5 A254; proposed lectotype, Torley 

Collection, Hovel. Figured by Wedekind 1914, pl. VI, figs. la,b. 

, Figs. 14,151 MfN, ?Denckmann Collection, Beil. Figured 

by Schmidt 1924, pl. 7, figs. 8,a, as Sell. spinosa sp. nov. 

(proposed as the lectotype). 

Endosiphonites (Endosiphonites) bowsheri (Miller and Collinson 1951) 

Figs. 8,91 SM H7366, Percha Shale, Sierra County, New 

Mexico, USA. Figured by Miller and Collinson 1951. 

Gen. Nov. ~ sp. S 

Figs. 10,12,131 Mbg; Escot Collection, La Serre, Cabri~res 

Herault. 

Gen. Nov. E cf. sp. s 

Fig. 12a, x21' MfN c429.1, Bed 27, Alte Heerstrasse, Schleiz. 

Figured by Brugge 1973, pl. 1, fig. 1. 

Fig. 11, x31 MfN c429.3, Bed 35, Alte Heerstrasse, Schleiz. 

Figured by Brugge 1973, pl. 1. fig. 4. 
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Plate 5.34 

All illustrations are natural size unless otherwise indicated. 

Cyrtoclymenia involuta (Wedekind 1908) 

Figs~ 1,2J KW 2096; Wunderlich Collection, Beringhausen. 

Figs. 3-5, x1~1 MfN; ?Lange Collection, Enkeberg. 

Fig. 6, x21 KW 2059; Wunderlich Collection, Beil. 

Platyclymenia SPa 

Figs. 7,81 KW 2071; Wunderlich Collection, Beil. 

Protactoclymenia enkebergensis (Wedekind 1908) 

Figs. 9,101 KW 2062; Wunderlich Collection, Enkeberg, 

Cyrtoclymenia angustiseptata (MUnster 1832) 

Figs. 11-131 proposed lectotype, BSP AS VII 585; Munster 

Collection, Schubelhammer, Oberfranken. Figured by Munster 

1832, pl. I, figs. 3a-c. 

Figs. 16,171 BSP AS VII 599; Munster Collection, Schubel

hammer, Oberfranken. Figured by GUmbel 1863, pl. XV, figs. 

3a-c, as MUnster's original of CI. lata. 

Protactoclymenia pulcherrima Wedekind 1908 

Figs. 14,151 G8tt; Wedekind Collection, Enkeberg, Sauerland. 

Photographs by M. R. House. 

Cyrtoclymenia inflata (Munster 1832) 

I 

Figs. 18,191 proposed lectotype, BSP AS VII 536; Munster 

COllection, SchUb elhammer, Oberfranken. Figured by Munster 

1832, pl. I, figs. 5a,b. 
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Plate 5.35 

All illustrations are natural size unless otherwise indicated. 

Cyrtoclymenia tetragona Schmidt 1924 
, 

Fig. 1, x41 proposed lectotype, MfN; Dasberg. Figured 

by Schmidt 1924, pl. 6, fig. 23. 

Cyrtoclymenia Plicata (Munster 1839) 

Figs. 2,3, x21 MfN; Denckmann Collection, Zwester Weg, 

Ense. Figured by Schmidt 1924, pl. 6, figs. 29,a. 

Figs. 4,5, x21 ESP; ?Munster Collection, Schubelhammer, 

Oberfranken. Figured by GUmbel 1863, pl. XV, fig. 6, as 

CI. subnodosa. 

Figs. 8-101 ESP AS VII 583; Munster Collection, Schub,el-
I 

hammer, Oberfranken. Figured by MUnster 1839, pl. XVI, 

figs. 5a-c, proposed lectotype of CI. cincta. 

Figs. 15,161 MfNJ MUnster Collection, Schubelhammer, 

Oberfranken. 

Figs. 17,181 proposed lectotype, ESP AS VII 584;' Munster 

Collection, Schubelhammer, Oberfranken. 

1839, pl. XVI, figs. 4a-c. 

Cyrtoclymenia sp. 

Figured by Munster 

o Figs., 6,7, x1~1 MfN; Riemke. Figured by Schmidt 1924, 

pl. 6, fig. 25, as CI.~. Its ribs are too narrow and 

frequent for that species. 

Cyrtoclymenia plurisepta (Phillips 1841) 

Figs. 13,14, x1~1 GSM 7174; Phillips COllection, South 

Petherwin, Cornwall. Figured by Phillips 1841, pl. LIV, 

figs. 244a-c. 

Cyrtoclymenia fasciata (Phillips 1841) 

Figs. 11,12, x1~1 GSM 7172; Phillips Collection, South 

Petherwin, Cornwall. Figured by Phillips 1841, pl. LIII, 

figs. 242a-d. 
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Plate 5.36 

All illustrations are natural size unless otherwise indicated. 

Genuclymenia borni (Schindewolf 1923a) 

Fig. 1, x2. Mbg 3122; Schindewolf Collection, Bed 11, 

Kirch-Gattendorf, Oberfranken. 

Fig. 2, x21 Mbg 3123; Schindewolf Collection, Bed 11, 

Kirch-Gattendorf, Oberfranken. 

?Platyclymenia SPa 

Figs. 3,4, x1~. MfN; Lange Collection, Beil. 

by Lange 1929, pl. III, figs. 38,a. 

?Genuclymenia SPa 

Figured 

Fig. 5, x21 KW 2067; Wunderlich COllection, Waschholz. 

Genuclymenia guembeli (Wedekind 1908) 

Figs. 6,7. KW 2063; Wunderlich Collection, Enkeberg, 

Sauerland. 

Figs. 9, x1%; 10,11, x1~1 KW 2061; Wunderlich Collection, 

Wettmarsen (Kante), Sauerland. 

Genuclymenia SPa 

Fig. 81 KW·2066; Wunderlich Collection, W:ischholz. 

Genuclymenia frechi (Wedekind 1908) 

Figs. 12,13, x1~1 KW 2095; Wunderlich Collection, Bering

hausen, Sauerland. 

Genuc1ymenia aff. karpinskii (Perna 1914) 

Figs. 14-16, x21 DK 80D 4511.1; Korn Collection, Enkeberg, 

Sauerland. 

Figs. 17,18, x21 MfN; ?Lange Collection, Enkeberg, Sauer

land. 
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Plate 5.37 

All illustrations are natural size unless otherwise indicated. 

Cymaclymenia striata (Munster 1832) 

Figs. 1, 7-10, x1~1 SM H10414; MUnster Collection, Schubel

hammer, Oberfranken. 

Fig. 111 BM 81824, MUnster Collection, Schubelhammer, 

Oberfranken. 

Cymaclymenia camerata Schindewolf 1923a 

Figs. 2-4, x1~1 proposed lectotype, MfN; Schindewolf 

Collection, Bed 18, Kirch-Gattendorf, Figured by Schinde

wolf 1923a, pl. XVII, fig. 6. 

Figs. 14-161 SM HI0415, MUnster Collection, Schubelhammer, 

Oberfranken. 

Cymaclymenia sagittalis (Phillips 1841) 

Figs. 5,6, x1~1 holotype, GSM 7177; Phillips Collection, 

South Petherwin, Cornwall. , Figured by Phillips 1841, pl. 

LIV, figs. 243a-c. 

Cymaclymenia aff. striata (Munster 1832) 

Figs. 12, 131 BSP AS VII 545; Munster Collection, SchUbel

hammer, Oberfranken. Figured by GUmbel 1863, pl. XVIII, 

figs. la-e. 

Figs. 17-19, x1~1 UEN 92, MUnster Collection, SChubel

hammer, Oberfranken. 

Fig. 201 MfN; MUnster Collection, Schubelhammer, Oberfranken. 
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Plate 5.38 

All illustrations are natural size unless otherwise indicated. 

Cymaclymenia aff. barbarae (Loewinson-Lessing 1892) 

Figs. 1,2; 9, x31 KW 2084; Wunderlich Collection, Reigern. 

Cymaclymenia SPa 

Fig. 3, x41 HU P82.17, North Africa. 

Figs. 4,5, x41 HU P82.18; North Africa. 

Figs. 5a,6, x1~1 HU P82.19; House Collection, Morocco. 

Cymac1ymenia involvens Lange 1929 

Figs. 7,8, x21 holotype, MfN; Lange Collection, Burg, Ba1ve. 

Figured by Lange 1929, pl. II, fig. 23. 

,Fig. 101 paratype, MfN; Lange Collection, Burg, Balve. 

Figured by Lange 1929, fig. 24. 

Cymaclymenia evoluta (Schmidt 1924) 

Fig. lOa, x21 lectotype, MfN; Ostprovinzial Steinbruch, 

Drewer. Figured by Schmidt 1924, pl. 8, fig. 19. 

Figs. 12, 13, x1~1 MfN; Ostprovinzial Steinbruch, Drewer. 

Figured by Schmidt 1924, plo 8, fig. 20. 

Cymaclymenia cf. evoluta (Schmidt 1924) 

Fig. 11, RE 551 734.5 A371, Paul Collection, Etroeungt ~, 

Scharpenhaus, Heiligenhaus. Figured by Paul 1939, pl. 40, 

fig. 3. 
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Plate 5.39 

All illustrations are natural size unless otherwise indicated. 

Cymaclymenia sp. ~ 

Figs. I, x4; 7,8, x21 SM H7534; Munster Collection, 

Schubelhammer,'Oberfranken. 

Figs. 4-6, x31 HU P82.5; Effenberg, Sauerland. 

Cymaclymenia sp. 

Fig. 2& BSP; Glass Collection, Kirch-Gattendorf. 

Cymaclymenia evoluta (Schmidt 1924) 

Fig. 31 RE 551 734.5; Paul Collection, Bed 21, oberer 

Abschnitt, Ratingen, Cromford. Figured by Paul 1939, pl. 

41, fig. 3. 

Cymaclymenia semistriata (Munster 1832) 

Figs. 9,10, x21 MfNJ MUnster Collection, Schubelhammer, 

Oberfranken. 

Figs. 12-15, x1~1 SM H10416J Munster COllection, Schubel

hammer, Oberfranken. 

Figs. 18,19, x1~1 B~P ~S VII 560; Munster Collection, 

Schubelhammer, Oberfranken. 

III, fig. 4. 

Figured by Munster 1832, pl. 

Cymaclymenia dorsocostata (MUnster 1840) 

Figs. 16,17, x1~1 lectotype, BSP AS VII 557J Munster 

Collection, Schubelhammer, Oberfranken. 

1840, pl. XVI, figs. 5a,b. 

Figured by Munster 
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Plate 5.40 

All illustrations are natural size unless otherwise indicated. 

Cymaclymenia aff. barbarae (Loewinson-Lessing 1892) 

Figs. 1,2, x1~1 MfN; Lange Collection, Hovel. 

by Lange 1929, fig. 22. 

Cymaclymenia sp. 

Figured 

Figs. 3-51 MfNi Schindewolf Collection, Hauern, Wildungen. 

Fig. 101 MfN; Schindewolf Collection, Hauern, Wildungen. 

Cymaclymenia aff. serpentina Schmidt 1924 

Figs. 6, x2i 71 Denckmann Collection, Langenholthausen. 

Figured by Schmidt 1924, pl. 7, fig. 2 as Cyma. striata. 

~ymaclymenia sp. 

Fig. 8, x31 MfNi Schindewolf _Collection, Oberrodinghausen, 

Balve. Figured by Schindewolf 1934, pl. 1, figs. 7a,b. 

Cymaclymenia aff. costellata (MUnster 1832) 

Fig. 91 RE 551 734.5 A131/2i Torley Collection, Hovel. 

Labelled as Cyma. cordata. 

Cymaclymenia costellata (Munster 1832) 

Fig. 111 MfN; Denckmann Collection, Wettmarsen, Balve. 

Figured by Schmidt 1924, pl. 7, fig. 1. 

Cymaclymenia aff. barbarae (Loewinson-Lessing 1892) 

Figs.'12,13, x21 MfN; Munster COllection, Schubelhammer, 

Oberfranken. 

Cymaclymenia serpentina Schmidt 1924 

Figs. 14,15, x21 UEN; ?MUnster Collection, ?Schubelhammer, 

Oberfranken. 
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Plate 5.41 

All illustrations are natural size unless otherwise indicated. 

Cymaclymenia costellata (Munster 1832) 

Figs. 1,2, SM H7530; Munster Collection, Schubelhammer, 

Oberfranken. 

Figs. 7,8,10,11, proposed lectotype, BSP AS VII 546; 

MUnster Collection, Schubelhammer, Oberfranken. 

Fig. 9, MfN; von Buch Collection, Dzikowiec, Poland. 

Figured by Frech 1902, pl. V(IV), fig. 1. 

Figs. 12,13, xl' UEN 89; Munster Collection, SchUbelhammer, 

Oberfranken. 

Cymaclymenia aff. costellata (Munster 1832) 

Figs. 3,4, xl~' SM H7531; Munster COllectbn, Schubelhammer, 

Oberfranken. 

Figs. 5,6, xli UEN 88; MUnster COllection, Schubelhammer, 

Oberfranken. 
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Plate 5.42 

All illustrations are natural size unless otherwise indicated. 

Cymaclymenia camerata Schindewolf 1923a 

Figs. 1, x2; 2, x41 HU P82.20; Steinbruch KBstenhof, 

Schiibelhammer, Oberfranken 0 This specimen shows three 

interrupted periods of shell growth, and fracture lines 

separating them. 

Cymaclymenia sp. b 

Figs. 3,7,81 SM HI0406; MUnster Collection, Schiibelhammer, 

Oberfranken. Fig. 10, x3, is an enlargement of the internal 

mould of the body chamber, and shows the moulds of sessile 

arenaceous foraminifera, attached to the internal side of 

the shell. Fig. 11,' x4, shows the suture, and area of 

attachment of the septum to the shell wall. 

Cymaclymenia sp. I 
I 

Figs. 4-6, x21 SM H10379J ,MUnster Collection, Schubelhammer, 

Oberfranken. Fig. 9, x8, clearly shows the attachment area 

of the internal septum, and the dorsal wrinkle-layer. 



PLATE 5.42 



Chapter 6 

The conodont zonation of the Famennian, and its correlation 

with the ammonoid zonation 
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Introduction 

, 
A conodont zonation of the Famennian, recognised as a 

possibility by Haas (1947) and Muller and Muller (1957), was 

established by Helms (1959) and Ziegler (1962), and revised by 

Ziegler (1971b), and Sandberg and Ziegler (1973); Klapper and 

Ziegler (1979) have recently published a review. There are only 

few papers which give details of conodonts and ammonoids collected 

from the same levels; these enable a correlation of the ammonoid 

and conodont zonal schemes to be made. Ziegler (1962) described 

a number of sections in the Rheinische Schiefergebirge. Beuel 

(Beil), Ball-Berg (Hovel) and Oberrodinghausen in the Sauerland, 

two trenches at Sessacker near Oberscheld, and quarries at Altes-

Tal and Aeketal in the Harz. Further details of Hovel and Ober-

rodinghausen were given later by Ziegler (1971a). 

Glenister and Klapper (1966) found that all of Ziegler's 

conodont zones were present in the Canning Basin of Western 

Australia and gave details of co-occurring ammonoids, which were 

described by Petersen (1975). Buggisch and Clausen (1972) 

described two sections through the Frasnian-Famennian boundary 

f rom Morocco. Eickhoff (1973) discussed the conodont sequence in 

the railway cutting at Oberrodinghausen, from which Schindewolf 

(1937a) had described ammonoids. This sequence was proposed as 

the type section for the Devonian-Carboniferous boundary (Jongmans 

and Gothan 1937), although this decision maybe in the process of 

being set aside (Paproth 1980), and other possible stratotypes 

are currently sought. Brugge (1973) listed ammonoids and conodonts 

from a section described in detail at Schleiz in Thuringia. 

Textfig. 6.1a-c combines all published data for the co-

occurrence of Famennian ammonoids and conodonts in western Europe. 

Some of the information is of limited value; for example Ziegler 



462 

(1962) used some sections with large bed thicknesses, from which 

ammonoids had previously been described by Born (191~ and Fuhrmann 

(1954), in the Harz Mountains, and Schindewolf (1923a) at Kirch-

Gattendorf, Oberfranken 0 Ziegler obtained-conodonts·from Kirch-

Gattendorf simply by dissOlving ammonoids which Schindewolf had 

collected. The sections which Glenister and Klapper (1966) 

looked at in Australia were far thicker than the Cephalopodenkalk 

in Germany, but their sampling intervals were large or sporadic. 

Attention should therefore only be paid to those few instances 

where conodonts and ammonoids were either collected from the same 
Of ""e.t""e. ~'" be. 1'10 cl~'" OVey Ike. r<lllllple6 l1or:.~"". 

sample (stippled ornament in Textfig. 6.1)& This leaves only four 

or five levels at which conodont and ammonoid zonal schemes can be 

directly correlated. 
. . 

A zone-by-zone account of Famennian conodont correlation is 

given below. A strict chronological sequence is hindered by the 

need to discuss the Frasnian/Famennian boundary. This, defined as 

the base of the Assise de Senzeilles, was long thought to be 

coincident with the Ado~ehden and Manticoceras/Cheiloceras Stufe 

boundaries. The latter is defined by the incoming of the simple 

sutured convex growth-lined Cheiloceras, and it was believed that 

several species of Manticoceras continued into the Cheiloceras 

Stufe (House 1979). 

Frasnian-Famennian Boundary 

In 1965 Bouckaert, Ziegler and Thorez recognised the Middle 

triangularis Zone at the base of the Famennian at its type section 

of Senzeilles. By correlation with (unci ted) ammonoid evidence 

from this zone in the Rheinische Schiefergebirge they stated that 

the uppermost part of the Manticoceras Stufe overlapped with the 

Famennian, and thus, by implication, the base of the Cheiloceras 
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Stufe and of the Famennian could no longer be considered as synony-

mouse 

Later studies of the conodont faunas around the Frasnian-

Famennian boundary (Bouckaert, Mouravieff, Streel, Thorez and 

Ziegler 1972, Streel ~ al. 1977) showed there to be a faunal break 

at the base of the triangularis Zone in many sectbns throughout 

eastern Belgium. Generally the succession representing the lower 

triangularis Zone is thin or absent. The.base of the triangularis 

Zone was formally suggested (Streel et Al. 1977) as the base of 

the Famennian, at Bed 48bis in the Hony railway cutting south of 

L ' ... 
~ege. This level could not be recognised at Senzeilles, where 

Gosselet (1897) had drawn the Frasnian-Famennian boundary, but a 

palynological study suggested that it lay in Bed 31 between the 

appearance of Pampoecilorhynchus lecomptei (Sartenaer) and the 

appearance of Middle triangularis Zone conodonts, which had been. 

considered as synchronous events by Bouckaert ~ S!. (1965). 

This is a level above the Frasnian-Famennian boundary of Gosselet, 
\ 

but using the conodont evidence, either boundary falls within the 

Manticoceras Stufe, since they are below the Upper triangularis 

Zone, in which is the earliest reported occurrence of Cheiloceras 

(Buggisch and Clausen 1972). 

triangularis Zone 

The early work of Ziegler (1962) produced imprecise evidence 

of the ammonoid faunas of this Zone. From 60cms. of limestone 

at Aeketal (Beds 6,7 of Fuhrmann 1954) Ziegler collected conodonts 

ranging in age from the tri~gularis to Upper crepida Zones. 

These levels had yielded no in situ fauna to Fuhrmann, but he 

did find in loose blocks Dimeroceras, Sporadoceras and Protornoceras, 

which he assigned to the upper horizon, Bed 6, and Dimeroceras 
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which he assigned to Bed 7. Ziegler wrongly interpreted these as 

representing faunas from I - lIn. More detailed information can 

be found in Born {1912~ who used thinner stratigraphic units. He 

recorded Cheiloceras, Dimeroceras and Paradimeroceras from his Bed 

14 (= Bed 6 of Ziegler and Fuhrmann); these are found in either 

lIn or possibly IIf3, and this would be in accord with Ziegler's 

record of a Middle ~pida Zone fauna. Born found no ammonoids 

in the underlying Bed 13, which Ziegler dated as triangularis Zone. 

With hindsight, and regard to the way in which Fuhrmann collected 

his material, it is reasonable to assume that he was mistaken in 

believing that he had collected Dimeroceras from this horizon. 

Therefore Ziegler (1962) had no evidence concerning the ammonoids 

of the triangglaris Zone. 

The first suggestion of Cheiloceras Stufe ammonoids occurring 

together with triangularis Zone conodonts, in the same sample, was 

provided by Glenister and Klapper (1966). From a sample numbered 

UWA 26213 (table 8, = Bed T45 C62 of Petersen 1975) Cheiloceras 

ova tum was collected with a conodont fauna dated as ranging from 

the Upper triangularis to lower ~pida Zones. 

In 1971{b) Ziegler stated that the Middle and Upper triangularis 

Zones were associated with Manticoceras cordatum (without citing 

precise evidence), which meant that these zones should be included 

within the Manticoceras Stufe. 'Using Glenister and Klapper's 

(1966) evidence the Lower ~pida Zone was placed in the Cheiloceras 

Stufe. Crickites holzapfeli, the index for the highest, 16 zone 

of the Manticoceras Stufe had not been obtained from the Middle or 

Upper triangularis Zones and so Ziegler created a new ammonoid 

zone termed post 16, with Manticoceras, but lacking Crickites or 

Cheiloceras. 

House (1962) reported a 16 fauna from the Hanover Shale, the 

upper part of which Klapper, Sandberg, COllinson, Huddle, Orr, 
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Rickard, Schumacher, Seddan and Uyeno (1971) correlated with the 

Upper triangularis Zone (see also House and Kirchgasser 1981). 

More positive evidence of ammonoids and conodonts from the 

triangularis Zone was provided by Buggisch and Clausen (1972), 

who recognised the co-occurrence in Morocco at Erfoud-Tafilalt of 

Palmatolepis minuta minuta (Branson and Mehl), Pa. cf. regularis 

Cooper, Ch. (Ch.) ex aff. verneuili and Ch. (Ch.) cf. amblylobum 

in all but the lowermost part of the Upper triangularis Zone. 

Buggisch and Clausen extensively review all published bio

stratigraphic data available from around the Frasnian/Famennian 

boundary. Ziegler confirmed to them (Buggisch and Clausen 1972, 

p. 158, footnote 3) that he had collected ~. cordatum from the 

Middle ~pida Zone. They had found only Cheiloceras at that level 

and explained this unexpectedly late occurrence of Manticoceras 

as an "echte phylogenetische Nachlaufer". 

Prior to the publication of this Moroccan data Ziegler (1962, 

1971b) had considered the Manticoceras Stufe to extend to the base 

of the ,g:§pida Zone. In the light of Buggisch and Clausen's data 

from Morocco Ziegler {1979} revised the post 16 interval to include 

only the Middle and lowermost Upper triangularis Zones. House 

(1973, 1979) discussed the inadvisability of using the absence of 

a taxon, in this case Crickites hOlzapfel, the index for I~, to 

define a zone, but he introduced a new,zone of "Manticoceras sp." 

instead (House 1975). 

Ziegler has made uSe of the absence of taxa to define other 

subzonesJ for example the Upper ~ginifera and Upper costatus 

divisions. This practice did not seem sensible to Dreesen (1977, 

p. 514) who did not recognise the Upper marginifera Zone. 
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Ziegler (1962) discussed ~pida Zone faunas from a number of 

localities. He dug two trenches at Sessacker, in the Rheinische 

Schiefergebirge. In Bed 24 of Trench I Manticoceras cordatum was 

associated with a Middle ~pida Zone fauna, and the base of the 

Cheiloceras Stufe was considered to be in Bed 26, also in the 

Middle ~pida Zone, where Drevermannia (Formonia) formosa was found. 

Trench II yielded more ammonoids) Bed 21 contained Manticoceras 

cordatum, Tornoceras simplex and a Middle ~pida Zone fauna. 

No cheilocerataceans were obtained until much higher in the sequence 

(Bed 13). 

Contradictory data was obtained from other sectbns. Ziegler 

(1962) found a Middle ~pida Zone fauna from Beds 2 and 3 at 

Kirch-Gattendorf, from which a number of species of Cheiloceras 

had already been described by Schindewolf (1923a). These were 

Cheiloceras subpartitum, verneuili, circurnfI exurn, arnblylobum, and 

Torleyoceras o~acantha and curvispina. The ammonoid faunas of 

Beds 6 and 7 at Aeketal, Harz (Ziegler's samples 1,2 (triangularis 

Zone) 2a,3 (Middle crepida Zone) 4 (Upper ~pida Subzone» have 

already been discussed.. The most cautious interpretation from 

these three localities is that the Middle ~pida Zone encompasses 

ammonoid zones ranging from 16 to lIS, or that the range of 

Manticoceras extends upwards to the Middle crepida Zone., 

From the lowest part of the road section at Oberr8dinghausen 

Ziegler (1962, p. 144) reported Cheiloceras circurnf I exurn, together 

with'a conodont fauna which he placed in the Upper ~pida Zone. 

It would be useful at this point to discuss direct and in

direct evidence of Manticoceras occurring in the ~pida Zone, and 

hence the Cheiloceras Stufe. 

Indirect evidence relates to three species I M. ~perstes 
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(Wedekind), recorded by Wedekind (1908) using a single museum 

specimen from the Nehden, and by Schindewolf (1923a) from a single 

specimen from Bed 3 at Kirch-Gattendorf; M. niedzwieski (Dybcynski) 

described together with a fauna of Cheiloceras and tornoceratids, 

and M. nehdense Lange, established (1929) for a single specimen 

from the Nehden Schiefer at Nehden. Clausen (1969) referred this 

latter species to Lobotornoceras and two specimens were briefly 

described by Jux and Krath (1974). Whilst their generic assignment 

is not necessarily correct (see Chapter 3) nehdense Lange certainly 

belongs in the Tornoceratidae, rather than the Gephuroceratidae. 

The same can be said for the other two species under discussion, 

and they may all be conspecific, but the ontogeny of none of these 

species has been described. BogoSlovSkiy (1969) treated all three 

species as Manticoceras and House (1979) included the German examples 

in Manticoceras. 

Thus the only acceptable record of Manticoceras from the 

Cheiloceras Stufe is from Ziegler's two trenches at Sessacker 

(Ziegler 1962) which was reiterated in Buggisch and Clausen (1972) 

(see above). There are three ways in which its presence can be 

explained. firstly it may truly be a very rare element in the 

fauna, and thus difficult to collect, it may simply have been mis

identified, or it could have been reworked into higher levels. 

Ziegler's certainty about the occurrence of M. cordatum must dis-

count the possibility of cOllecting error. Two of the possibilities 

are easily dismissed. I have not seen the specimens in question 

to confirm their identity, but M. cordatum, if well preserved, is 

unlikely to have been mistakenly identified because of its distinct-

ive subevolute shell-form and suture. No mention was made by 

Ziegler of reworking the associated conodont faunas, so it is 

unlikely that M. corda tum was reworked into higher levels. This 

leaves only the possibility that M. cordatum was truly a very rare 
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element in the fauna, however, no other collection from the Middle 

~pida Zone has reported it (see Wedekind 1908, Born 191~ Sobolev 

191~ Schmidt 1921, Schindewolf 1923a, Lange 1929, Nalivkina 1936b, 

Glenister and Klapper 1966, Petersen 1975, and this thesis). 

Glenister and Klapper (1966) reported a number of co-occur-

rences of goniatites and conodonts in the ~pida Zone (Textfig. 6.2). 

The reported occurrence of Sporadoceras in samples B55 and 56 is 

ignored by Glenister and Klapper (1966, p. 838), and Petersen (1975, 

p. 50) explains it as due to laboratory "admixture" of specimens. 

Also Chi (Ch.) ovaturn is not recorded in Petersen's Table 2 as 

occurring in WAPET B132-1 4 yet the caption to Petersen's (1975) 

textfig. 15 gives such a provenance to two specimens. This 

horizon is not mentioned in the systematic description of the species. 

Tornoceras simplex was probably referred as Chi circurnflexurn by 

Glenister and Klapper. 

Their data confirm that the Lower and Middle ~pida Zones 

are equivalent to IIa of the ammonoid scheme. But it also suggests 

that there are already indications in the Upper crepida Zone of 

II~ with §B. (§B.) biferurn (UWA 26189) and ?Dimeroceras sp. (WAPET 

154-76) • 

Not all of the information listed above was repeated or con

firmed by Petersen (1975), who studied the ammonoids used to date 

the sequences, and acknowledged (po 50) difficulties in interpret-, 

ing the section known as T41, collected from by Teichert in 1939. 
, . .. 

Buggisch and Clausen (1972) recorded Chi (Ch.) verneuili', ChI 

(.£h.) subparti tim, Ch. (Ch.) pompeckji (?), Ch. (Ch.) circurnflexurn 

and Chi (Ch.) ~yloburn from a section yielding ~pida Zone (s.l) 

conodonts at Erfoud. Another section at Erfoud-Taouz, also 

yielded ChI (Ch.) ex. aff. verneuili together with Protornoceras 

euryomphal~ and Prot. planidorsaturn, from the same conodont Zoneo 
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rhomboidea Zone 

This zone, established by Ziegler in 1962, was divided by 

Sandberg and Ziegler (1973), who inserted a Lower division with 

Es. poolei, and restricted the former rhomboidea Zone, without 

Pal poolei, to a new Upper division. There are few reports of 

ammonoids dated as from this zone. Schindewolf's (1923a) Beds 

5-6, which contained Cheiloceras spp., Torleyoceras, Dimeroceras 

and possibly Sporadoceras also (the records are uncertain), were 

dated by Ziegler (1962) as Upper rhomboidea Zone (lower part). 

Bed 12 at Altestal (Fuhrmann 1954), dated as Upper rhomboidea 

Zone (Ziegler 1971a, Sandberg and Ziegler 1973), contained species 

of Cheiloceras and Lobotornoceras. Both samples may be IIa or 

II~ in age. 

A number of samples (GSWA 1028, B31 C1-5, BMR K177, UWA 

26162 (= T39 B8), UWA 26946c (= Tc» were reported, Glenister and 

Klapper (1966). These contained Cheiloceras, Paratornoceras, 

Dimeroceras and can be dated as either IIa or ~. 

Kasig, Dreesen and Bouckaert (1979) described a number of 

profiles through the Famennian of the Aachen area. They detailed 

four sections from which conodonts were collected, and all included 

a nodular limestone horizon at most 4m thick. Schindewolf (1921) 

listed a fauna from this level, including ChI amblylobum, verneuili, 

circumflgxurn, ~partitim and Torleyoceras globosum, sacculum. 

This fauna certainly belongs to II, but since the occurrence of 

§poradoceras . is needed' to recognise II~.. the level is most likely 

to be IIa.. Their results are not set out so as to identify the 

age of each of their conodont samples~ but at least one sample 

from the Cheiloceraskalk, Ha3, with E!. rhomboidea and E!. cf. 

poolei, seems to belong to the Lower rhomboidea Zone. 

Bouckaert, Streel and Thorez (1968) placed the base of the 
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Upper Famennian (Fa2) at the base of the rhomboidea Zone thus 

including only two of the 13 Famennian ammonoid zones in the Lower 

Famennian. 

In conclusion the rhomboidea Zone can be correlated with the 

upper part of IIa and probably with II~. 

~ginifera Zone 

This zone, established by Ziegler (1962) as the quadranti-

nodosa Zone, was renamed as the ~ginifera Zone by Sandberg and 

Ziegler (1973). There is an Upper and Lower division. 

At Sessacker in Trench II Ziegler (1962) recorded Cheilo-

ceras enkebergense from the Lower ~ginifera Zone (i.e. II~), 

and~. (§E.) muensteri and P~.pseudogoniatites and Ra. 
from the Upper ~ginifera Zone (i.e. IlIa). 

weissi 

A more prolific ammonoid fauna was obtained from Altestal 

where Sandberg and Ziegler (1973) recognised the Lower ~ginifera 

Zone in Beds 11-8 of Fuhrman~'s (1954) sequence. Bed 11 was dated 

as lIS by Fuhrmann and contained Cheiloceras, Torleyoceras, Para-

tornoceras, Dimeroceras, Sporadoceras and Maeneceras; Bed 10, 

dated' as IIy (but without explanation;" it is bett~r regarded as 

lIS) contained Cheiloceras, Paratornoceras, Dimeroceras, Sporado-

ceras and Maeneceras. Above this is Beds 7 and 6 PseudoclYmenia 
, ' 

and then gyrtoclymenia appeared, but Ziegler was unable to obtain 
.. 

conodonts from these levels. The upper part of this section, above 

a fault (see Fuhrmann 1954, fig~ 3, and Ziegler 1971a, fig. 18) 

has been subject to different interpretations. Ziegler found 

rhomboidea Zone conodonts (i.e. II~-~) where Fuhrmann (Bed 2) had 

reported £yrtoclymenia and Prionoceras (i.e. III~). 

The Aeketal section was sampled in greater detail by Ziegler 

than by Fuhrmann. Thus in Bed 5, to which Fuhrmann assigned a 
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IlIa age, Ziegler found a series of conodont zones from upper 

~pida to Lower ~ginifera Zones (samples 4-6). However, if 

we use the more precise information contained in Born (19l~ the 

upper 24cms of Bed 5 (= Ziegler's sample 6, Lower ~ginifera 

Zone) can be interpreted as containing ~. J£syseri and Ps. 

pseudogoniatites (IlIa or ~) and the lower lOcms of Bed 4 (= 

Ziegler's sample 7, Lower ~ginifera Zone) as containing £Y.rt. 

wedekindi (hence III~). 

Ziegler found only the Upper ~ginifera Zone at Kirch-

Gattendorf, in Bed 9, where Schindewolf reported Genuclymenia, 
, 

PseudoclYmenia, Rectoclymenia and £yrtoclYmenia, which may be IlIa, 

but is more likely to be III~, (see Chapter 3). 

Glenister and Klapper (1966) reported nine instances of co-

occurrence of ammonoids and ~ginifera Zone conodonts, but in only 

one case (WAPET GI Al, (Table 5)} is there an ammonoid specimen 

whose age can be estimated, and this, a £yrtoclYmenia (therefore 

IlIa or more probably III~J but see above), was not described by 

Petersen (1975) • 

In conclusion there is evidence at Altestal that the Lower 

~ginifera Zone occurs in II~, recognised by the presence of 

Sporadoceras and absence of Pseudocl:y:menia, and Cheiloceras. The 

Lower marginifera Zone at Aeketal also occurs with PseudoclYmenia 

CyrtoclYmenia and RectoclYmenia, indicative of IlIa or ~. How-

ever, at Kirch-Gattendorf these three genera occur with an Upper 

marginifera Zone fauna.' At Sessaker the Lower ~ginifera Zone 

is associated with a II~ fauna, and the Upper marginifera Zone with 

a IlIa fauna. 

velifer Zone 

This was established by Ziegler (1962 ) and divided into three 
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4 .... q . ... 

At Aeketal detailed sampling by Ziegler (1962) identified the 

three divisions of this zone from Fuhrmann's (1954) Bed 3, in 

which he had found~. annulata and Reat. roemeri (hence IV). 

At Hl:}vel Ziegler's sample 9, with a Middle velifer Zone fauna, came 

from a level from which Paeckelmann (1924) had reported Cyrt. 

involuta and Prolobites delphinus, hence III~ or IV. 

Two outcrops at Beil (Beuel) were examined by Ziegler (1962) 

and these yielded a few cephalopods. From the upper cliff in 

the Middle velifer Zone, sample 5 also yielded §E. (§E.) clarkei 

and §E. (§E.) muensteri, which occur as low as III~. The latter 

also recurred in sample 14 from the lower cliff, in the Middle 

velifer Zone. Prolobites, but no conodonts, were found in sample 

10, which came from 1.40m above sample 11, in the Upper velifer 

Zone. 

The velifer Zone at Kirch-Gattendorf spanned a thick sequence, 

from Beds 10 to 13. Here Schindewolf had failed to find Prolo-

bites and had drawn an arbitrary base to Illf'. Bed 10 (Middle 

velifer Zone) contained Sporadoceras, Rectoclymenia, Cyrtoclymenia 

Sulcoclymenia and GenuclYmenia. Bed 11 (also Middle velifer Zone) 

contained these genera, plus PlatY£!Ymenia. 

The Lower velifer Zone was not recognised, and Bed 13, from 

which Ziegler isolated an Upper velifer Zone fauna, contained no 

cephalopods. 

The evidence of A~ketal suggests that the velifer Zone already 

contains an annulata Zone ammonoid fauna (i.e. IV), but that the 

Middle velifer Zone has a III~ fauna. 

§..tyriacus Zone 

This zone, divided into three parts~ has remained unchanged 
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since Ziegler extablished it in 1962. .It is the conodont zone 

from which fewest ammonoids have been reported. 

At Hovel the ~yriacus Zone lay at the top of Ziegler's section 

(1962), and he correlated it with a level recognised by Paeckel

mann as the base of Va. Later (1971a) Ziegler obtained a Lower 

~yriacus Zone fauna together with~. aff. intracostata (hence 

IV) from the same level (1962& sample 14) which sheds some doubt 

On his earlier correlation. 

Elsewhere in the Rheinische Schiefergebirge a styriacus Zone 

fauna was recognised only at Oese where two black shale horizons 

(Bed 26 0 and m) were considered by Schmidt (in Ziegler 1962) to 

contain numerous species of ~Y£lYmenia. However, at this 

section some 16 samples lacked useful conodonts, and the one sample 

(sample 33) to which a styriacus Zone could be assigned lay some 

5 metres above the upper shale in which Platyclymenia had been 

determined. 

The evidence from Kirch-Gattendorf was no clearer. Bed 14, 

from which Schindewolf had collected numerous Prionoceras and 

PlatyclYmenia, was only questionably assigned by Ziegler to the 

Lower ~yriacus Zone. The styriacus Zone here continued up into 

Beds 15 and 16, comprising the Lower Clymenia Stufe, with £1ymenia, 

Imitoceras and Kosmoclymenia. 

Brugge (1973) also recorded Platy£!ymenia and Prionoceras in 

the styriacus Zone, together with Falciclymenia. 

Glenister and Klapper (1966) reported only one sample from 

the styriacus Zone, and this may also have ranged into the costatus 

Zone. Associated with it were CyrtoclYmenia, Pleuroclymenia, 

R2Ymondiceras and Proto2Y£iYmenia. 
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Helms (reported in Ziegler 1971b) reported that the Middle 

styriacus Zone lay in IV, and that the IV-V boundary lay within 

the Upper ~yriacus Zone. Presumably he was referring to informa-

tion later published by Brugge (1973, see below), which gave 

Slightly different results. Ziegler had earlier (1962) placed the 

upper limit of IV in the lower styriacus Zone, but modified this 

in (1971b) stating that new uncited evidence showed that IV com-

prised part of the Upper velifer, and most of the Lower styriacus 

Zones, but didn't state which specific sections demonstrated thiso 

Furthermore Ziegler (1971a) stated that the Middle ~yriacus Zone 

had already ("1962'~) been shown by him to be clearly associated 

with "gonioclymenid ammonoids", indicative of V. I can find no 

such reference. 

It seems that the annulata Zone extends into the Lower ~y~

acus Zone, and that the CIYmenia Stufe (V) begins in the upper 

styriacus Zone. 

costatus Zone 

This, the highest of the wholly Famennian conodont zones, was 

established by Ziegler in 1962, with three divisions. Only the 

lowermost was collected from samples also yielding cephalopods, and 

these indicated a V~ age. 

The goniatites and clymeniids of the Wocklumeria Stufe had 

been described in great detail by Schindewolf (1937a) from the 

railway cutting at Oberrodinghausen. Ziegler (1962) made use of 

a newly excavated road cutting nearby to detail a sequence ranging 

throughout the whole of the Famennian. Few ammonoids were recorded 

in Ziegler's description, and unfortunately a revision of the 

Wocklumeria Stufe cephalopod faunas by Thiem (see Ziegler 1962, 

p. 145, footnote 23) was never published. The two authors 
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attempted to correlate precisely the railway and road sections, but 

without success. 

Later Ziegler (1971a) published results of collecting from 

the railway-cutting, and placed the Middle/UPper costatus Zone 

boundary at the base of Schindewolf's Bed 7, in the ~ptoclYillenia 

~gona Subzone. The Lower/Middle costatus Zone boundary was 

placed less certainly at the base of Schindewolf's section, which 

was, by implication (Schindewolf 1937a) at the boundary between 

the C1Yillenia and Wocklumeria Stufe. This boundary is poorly 

defined in terms of ammonoid species ranges. 

Eickhoff (1973) studied the 28m thick railway-cutting sequence 

at Oberrodinghausen in its entirety. He considered that the 

Middle costatus Zone was represented by a.much greater thickness 

of strata than stated by Ziegler. He restricted the Upper costatus 

Zone to Schindewolf's Bed 1, that is the uppermost part of the 

Wocklumeria §phaeroides Subzone. The Middle costatus Subzone 

comprised the rest of Schindewolf's section, and a further 8-10 

metres below this, although no ammonoids have been described from 

this lower level. 

Brugge (1973) clearly identified the ~Y£lYillenia/Clymenia 

Stufen boundary at Alte Heerstrasse, Schleiz, recognised by the 

appearance of £lymenia, Kosmoclymenia and Costaclymenia. The 

base of the Lower costatus Subzone lay below this, in the Platy

£!ymenia Stufe. 

praesulcata and sulcata Zones. Protognathodus faunas 

Devonian-Carboniferous boundary 

The Devonian-Carboniferous boundary is defined provisionally 

as the base of the sulcata Zone (Paproth 1980). Faunas of the 

praesulcata Zone below this, were first recognised by Sandberg 
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~ ale (1972), and a formal zone was later established as the lowest 

of the otherwise Lower Carboniferous Siphonodella zonation (Sandberg 

1978) • It is restricted to clastic regressive marine facies, 

and has been recognised in Germany as low as the Middle costatus 

Zone (Klapper and Ziegler 1979). Thus it partly overlaps, and 

continues above the costatus Zone, until the appearance of the 

sulcata Zone fauna. 

In 1969 Ziegler described a newly named Protognathodus fauna, 

obtained by processing matrix from Acuti mi toceras prorsurn prorsum 

and Acut. carinaturn collected from Stockum by Schmidt (1924,5). 

He had identified from the same level one specimen of Gattendorfia 

and so this fauna was assigned to the Lower Carboniferous. How-

ever, Ziegler (1969) and Koch ~~. (1970) found none of the 

conodonts typical of the lowermost Carboniferous dentilineata

kockeli Zone (later renamed the sulcata Zone) and so considered the 

Stockum Limestone horizon as uppermost Devonian in age. 

The questions that this apparent contradiction provoked were 

partly answered by recollecting from the Stockurn Limestone freshly 

exposed by trenching (H. Alberti et ale 1974). The goniatite fauna 

of the 7crn thick Stockurn Limestone was shown to comprise Imitoceras 

only, and Schmidt's report of a Gattendorfia crassa had been con

sidered (Weyer 1965) to be an incorrect identification of a juvenile 

Imitoceras with an open umbilicus (but can now be recognised as an 

Acutimitoceras). Unfortunately no details of the precise nature 

of the goniatite fauna"were published by Alberti et ale butby refer-
, --

ence to Schmidt (1924,5) Weyer (1965, 1977) and VBhringer (1960) 

they can be interpreted as followsl 

Schmidt 1924 

~g. infracarbonicum 
Ag. intermedius - -

Weyer 1977 

I. intermedium 
I. subbilobatum 



~. sciotoensis 

Gatt. crassa 

Acut. carinatum 

~. prorsum 

4 ~~ t • 

Alberti et al. (1974) observed that although no Gattendorfia 

were encountered at Stockum some of the Imitoceras had an open 

umbilicus and a lateral lobe centred outside the umbilical seam. 

They took this as the earliest available evidence of Gattendorfia-

like characteristics in goniatites, which they said had appeared 

after the extinction of the clymeniids. Therefore, they proposed 

that the Stockum Limestone be included within the Carboniferous. 

Alberti et al. also investigated the conodont faunas at Stockum. 

The Protognathodus fauna was divided into an upper and lower part, 

with and without Prot. kuehni. They admitted the ~. kuehni was 

a very rare element of the fauna. It was first encountered in the 

Stockum Limestone, and, following Collinson et~. 1971, and Sand

berg ~~. 1972, this was placed in the Lower Carboniferous, with 

only the lower Protognathodus fauna in the upper Devonian. 

No further relevant information on these horizons has been 

published, although Korn (1981b) has described species of Imitoceras 

and Acutimitoceras from a sequence nearby at Mussenberg, developed 

wholly in limestones, across the Devonian-Carboniferous boundary. 

Summary 

A summary of the information outlined here can be found in 

Textfig. 6.3. It can-be seen that there are some quite major 

discrepancies in correlation with the ammonoid zones, between the 

scheme adopted by Klapper and Ziegler ,(1979) and a synthesis of all 

the available information. New data, presented below, largely 

confirms the scheme adopted by Klapper and Ziegler (1979), in 

spite of the fact that they did not then, nor earlier, justify their 

reasons for ignoring some of the correlations they had themselves 
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presented (e.g. Ziegler 1962, 1971b). The only important error 

revealed by research for this thesis is in the position of the 

curvispins/PQmpeckji Zone boundary in terms of the conodont zonation, 

and data for the correct position of this was already available in 

the literature (Altestal, Sandberg and Ziegler 1973, Fuhrmann 1954; 

Kasig et ale 1979, Schindewolf 1921). 

New data relating to the ammonoiq/conodont zonal correlation 

Approximately 30 conodont samples have been prepared from 

horizons or ammonoid specimens, either to date accurately type

specimens for museum collections, or to help clarify correlation 

between the ammonoid and conodont zonations. The results are set 

out below and summarised in Textfig •. 6.3. The initialS in brackets 

indicate which conodont workers kindly dated the samples. WZ = 
Prof. W. Ziegler, RD = Dr. R. Dreesen, IS = Dr. I. Stewart. 

1) C~PtoclY,illenia beaumonti holotype, BSP AS VII 534 

Gattendorf 
Middle - upper costatus Zone (WZ) 

2) KosmoclY,illenia undulata, HU P82.11 

Reigern, Bed 33, sub armata Zone 
Middle costatus Zone (IS) 

3) Kosmoclymenia undulata (proposed neotype) SMF 

Reigern, Bed 23, subarmata Zone 
Lower costatus Zone (IS) 

N.B. The section at Reigern was dated by Scnafer (1978, 

Proben 184a/2,l, 1.84/1-10, abbe 10E) as entirely within the 

Middle costatus Zone. 

4) KosmoclYmenia subundulata SM H10388 
SchUbelhammer 
Lower costatus Zone (WZ) 

5) Kosmoclymenia inaequistriata (proposed neotype) SM H10376 

S chUbel hammer 
upper styriacus - Lower costatus Zone (WZ) 
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6) £ymaclymenia SPa .s. (= warsteinensis Korn .partim) HU P82.5 

Effenberg 

? Upper styriacus - ? Lower costatus Zone (IS) 

7) KosmoclYmenia subundulata SM H10389 

SchUbelhammer 

Upper styriacus Zone (WZ) 

8) Gen. Nov. F costata BSP AS VII 529 

Geuser 

Lower costatus Zone (WZ) 

9) PlatyclYmenia richteri HU P82.3 

Middle - Upper styriacus Zone (RD) 

10) Sample 1980/352, HU P82.14 

Beil 

Lower - Middle styriacus Zone (RD) 

11) HU P82.40 
Nodule band, Kattensiepen, annulata Zone 

younger than Middle ~yriacus Zone (WZ) 

12) HU P82.41 

Beil, Beds A 1-10 

Lower styriacus Zone (RD) 

13) ? Gen. Nov. F decorata, BSP AS VII 533 

Geuser 

not younger than Middle velifer Zone (WZ) 

14) £ycloclYmenia clymenioides (holotype), UEN 

? Gattendorf 

Upper ~ginifera Zone (WZ) 

15)£ycloclYmenia planorbiformis sensu Gumbel, SM H10375 

Gattendorf 

Upper ~ginifera Zone (WZ) 

16) 1980/378 

Geuser, includes Ps. sedgwicki 

Upper ~ginifera Zone (IS) 

17) Pseudocly:menia dillensis, DK 28 

Beil, IlIa. 

~ginifera Zone (IS) 

18) Bed 9f 

Beil, IIj3 

Lower ~ginifera Zone (RD) 



19) Bed 11g 

Beil lIS, lowest level with SPQradoceras 

lowermost ~ginifera Zone (RD) 

20) Bed 15a 
Beil IIa, lowest level with Dimeroceras 

Upper rhomboidea Zone (Rn) 
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21) Nodules with Gen. nov. sp. nov. (= Falcitornoceras falciculum 

falciculum, House and Price, in preparation) 

Nehden, IIa 

a) Upper ~pida Zone (WZ) 

b) rhomboidea Zone (RD) 

The important points from these results are summarised below, 

with the relevant samples referred to by numbers in the left-hand 

margin. The base of the pompeckji Zone, recognised at Beil (see 

Chapter 7) by the appearance in Bed 11g of Sporadoceras (§E.) 

biferum lies in the lowermost ~ginifera Zone (19). Previously 

the curvispina/pompeckji Zone boundary has been correlated with that 

between the ~pida and rhomboidea Zones. Dimeroceras appears 

below in Bed 15a, curvispina Zone, falling in the Upper rhomboidea 

Zone (20). 

Pseudoclymenia, which appears in the sandbergeri Zone, was col

lected from a level yielding a ~ginifera Zone fauna at Beil (17). 

A level below this, Bed 9f, yielded a P.2IDpeckji Zone ammonoid 

fauna together with Lower ~ginifera Zone conodonts (18). A sample 

from Geuser, Oberfranken, which contained Pseudoclymenia sedgwick! 

yielded an Upper ~ginifera Zone fauna (19). Matrix from two 

species of Qyclocly.menia (14,15) yielded an Upper marginifera Zone 

fauna, also. Previously this genus has been thought to occur in 

the £1y.menia Stufe. 

Unfortunately no velifer Zone faunas collected in situ have 

been isolated. However, Ziegler (1971a) did report a Middle ~-

ifer Zone fauna from the delphinus Zone at Hovel, recognised by 
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the presence of Cyrt. involuta and Prole delphinus. 

Faunas indicative of the annulata Zone have yieldeq Lower 

styriacus (12), Middle styriacus (11) and Middle-Upper §1yriacus 

(9) Zone faunas. Above this level common clymeniid species appear 

to have relatively long ranges, and no conodont faunas have been 

obtained from any of the index fossils for the Cl~enia and ~-

lumeria Stufen. 

rocks yielding 

(4) Zone fauna. 

Kosmoclymenia subundulata has been recorded from 

a Lower-Middle styriacus (10) and a Lower costatus 

Matrix from the neotype of Kosmo. inaeguistriata 

yielded an Upper styriacus - Lower costatus Zone fauna (5). 

Kosmoclymenia undulata has been collected from levels yielding a 

Lower (3) and Middle (2) costatus Zone fauna. None of these three 

species is restricted to one particular ammonoid zone, although 

fauna 2 was obtained from a level within the subarmata Zone. 

Occurrence of these species of ~osmoclymenia allows the upper 

part of the lower Clymenia Stufe to be correlated with the Middle 

styriacus Zone, be correlated with the 

Upper styriacus Zone and the sub armata Zone to be correlated with 

the Middle costatus Zone. 
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Appendix 1 

Faunal lists used to date conodont samples detailed above. 

'Workers who identified the species were indicated by their initialS 

above. 

Sample 

1 

2 1,2 

3 

4 

5 

6 

7 

8 

9 

3 

6,7 

20,34,37 

17,18 

19.124 

23 

26 

Specimen Conodont fauna 
" . 

BSP AS VII Bispathodus ultimus and related forms 

534 

HU P82.11 

SMF 

SM H10388 

SM H10376 

HU P82.5 

Palmatolepis gracilis gonioclymeniae 

~. g. gracilis 

Pa. g. sigmoidalis 

§pathognathodus inornatus 

Bi. costatus 

Pseudopolygnathus cf. dentilineatus 

Bi. aculeatus aculeatus 

Bi. stabilis 

Bi. aculeatus aculeatus 

Bi. aculeatus 

Bi. costatus 

Pa. gracilis gracilis 

early Bi. j~gosus 
- ... " . 

Bi. stabilis 

"§pathognathodus" fissilis 

"§l2. II werneri 

Es. gracilis gracilis 

Polygnathus communis communis 

Bi. stabilis 

SM H10389 Es. styriacus (late form) 

~. stabilis morphotypes 2 and 3 

BSP AS VII Es. gracilis gracilis 

529 Pa. g. sigmoidalis 

~. schindewolfi 
. . 

HU P82.3 ~. gracilis gracilis 

~ •. g. sigmoidalis 



10 

11 

12 

13 

14 

15 

16 

17 

18 

1980/352 

Es. minuta minuta 

Po. granulosus 

Pa. g. sigmoidalis 

Es. perlobata schindewolfi 

Es. ~y'riaca 
Pa. subirregularis 

HU P82.40 Scaphignathus subserratus 

HU P82.41 Pa. g. ~igmoidalis 
Es. perlobata schindewolfi 

Bi. stabilis 

Po. sty'riacus 

BSP AS VII Pa. glabra distorta 

533 Pa. schindewolfi" 

HU P82.42 Es. glabra pectinata 

Es. maxima 

SM HI0375 

HU P82.43 

HU P82.44 

HU P82.45 

Pa. gracilis gracilis 

Es. minuta 
Pa. schleizia 

Icriodus alternatus 

Es. schindewolfi 
Es. glabra pectinata 

Es. glabra acuta 

Es. helmsi 

Es. cf. grossi 

Es. glabra distorta ? 

!!s • .!mll:ginifera .!mll:ginifera 

Es. perlobata schindewolfi 

Es. glabra distorta 

!!so gracilis gracilis 

~. perlobata grossi 

~. minuta schleizia 

Po. glaber bilobatus 

No details. 

Es. .mYginifera .mYginifera 
Pa. glabra pectinata 

~. inflexa inflexoidea 
Es. perlobata schindewolfi 

48:1 
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~ . glabra acuta 

~. .9.!. ~pta 
~. gracilis gracilis 

~. minuta minuta 

EQ. cf. rhomboideus 

19 HU P82.46 ~. minuta minuta 

~. inflexa inflexoidea 

~. §.iQppeli ~ ~ginifera 

~. glabra pectinata 

~. perlobata schindewolfi 

Po. glaber glaber 

20 HU P82.47 ~. .§..b!l2perlobata 

~o tenuipunctata 

Pa. rhomboidea 

~. glabra prima 

~. gracilis gracilis . 

EQ. communis communis 

Po. cf. bouckaerti 
Po. glaber glaber 

21a WZ HU P82048 ~. glabra pectinata 

Pa. .9.!. acuta 

Es· .9.!. elongata 
b RD HU P82.49 Es· rhomboidea 

Pa. minuta minuta 

Pa. glabra pectinata 
Pa. tenui12unctata 

~. .§..b!l2perlobata 



Chapter 7 

COllecting localities and details of faunas 
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Introduction 

This chapter includes details of all localities mentioned in 

this thesis, and specimens collected for the study. The map-

sheet on which each locality occurs is listed in the first part. 

The second part details each of the sections from which specimens 

were collected and includes locality maps, measured sections, 

photographs and some analysis of the age and significant elements 

of each sampleo Appendix 1 lists specimens deposited in the coll-

ections of the University of Hull. Samples are listed in Appendix 

20 

Localities mentioned in the text 

Localities mentioned in German literature and palaeontological 

collections in museums are generally referred to and organised 

using the names and numbers of the 1125 000 topographic maps, e.g. 

Beil; Mtb (= Messtischblatt) 4613 Balve. This practice is adopted 

here. 

Kutscher and Schmidt (1958) published four useful maps showing 

German Devonian fossil localities, 1125 000 map-sheet names, and 

Devonian geologyo A combined geological map and key is shown in 

Textfig. 1.6, provided to help the reader locate localities in the 

Sauerland mentioned in the text, and Textfig. 7.1 shows localities 

in Thuringia, S~chsische Vogtland and Oberfranken. 

The following localities are referred to in this thesisl 

Map Sheet Co-ordinates 

Ainkhausen 4613 Balve e262 n963 

Altestal Zellerfeld e380 n460 
Ballberg (see Hc>vel) 
Beil 4613 Balve e210 n959 
Bensberg 5008 Mulheim am Rhein e803 n491 
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Beringhausen 4518 MaCifeld 

Borke-Wehr 4613 Balve e221 n887 

Bilsteinhohle 4515 Hirschberg' e532 n984 

Burg 4613 Balve e227 n895 

Crornford 4607 Heiligenhaus e600 n862 

Dachskuhle 4708 Elberfeld e717 n845 

Dahl sen 4513 Neheim-Husten e275 n965 

Dasberg 4613 Balve e242 n935 
Deinstrop 4613 Balve e238 n957 
Drewer 4516 Warstein' e555 n067 

Effenberg 4613 Balve e278 n959 

Elbersreuth 5735 Schwarzenbach am Wald e685 n681 

Ense 4820 Bad Wildungen 

Geuser 5734 Wallenfels e616 n666 

Hauern 

Heinersreuth 5735 Schwarzenbach am Wald e708 n678 
Hovel 4613 Balve e246 n922 

Kasberg 4613 Balve e225 n867 

Kattensiepen 4516 Warstein e579 n037 
Kirch-Gattendorf 5638 Bobenneukirchen e766 n005 
Kirschofen 5515 Weilburg 
Melschede (see Hovel) 

Mussenberg 4613 Balve e293 n957 
Nehden 4517 Alme 

Oberrodinghausen 4613 Balve e194 n961 
Ose 4512 Menden e157 n969 
Reigern 4613 Balve e298 n953 
Schubelhammer 5735 Schwarzenbach am Wald e678 n693 
Sessacker 5216 Oberscheld 
Stockum 4713 Plettenberg e302 n846 
Ullendahl 4708 Elberfeld 
Vel bert 4608 Velbert e80 n83 
W:!schholz 5735 Schwarzenbach am Wald e755 n695 
Wocklum (see Borke-

Wehr) 

Wettmarsen 4613 Balve e247 n943 

Localities from which collections were made are described individ-

ually, below. 
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1'1..1 Lt, 7 , 1. 

d UUL L .... OP at B"il . locat ion II. Be:l :; nUJllbered in the detai l ed 

sec tion (Textfig . 7 . 9) are indi ca t e d in the s ketch oppos ite, 

Textf ig. 7.3a . The sCdle is 1m in length. 

b Uutcrops at Bei l, locat ion Cl. Beds are numbered beLOW in 

Textfig . 7.3b. The sca l e is SOcms in length . 

--
35 
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40 

'i','x t f ig . 7 . 3a Bei l, o~ltcrop A 

'I' ,' xtf ig. 7 .J b B"i.l , ou l ,." n. p , : 1 
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Plate 7.3 

a Beil location A, with Bed numbers indicated on the sketch 

below, (Textfig. 7.4a. 

Textfig. 7.4a ~ I 
\J 

Textfig. 

b Beil, location H. This is the outcrop referred to by Ziegler 

(1962) as "untere Klippe". Bed numbe r s are shown above on 

Textfig. 7.4b. The scale is 1.25m long. 
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Platu 7 .4 

a Aill l<h.l usun qu ar-r-y (4613 Salve . e262 11963). 

The il1 se t s ho ws the qu a rry face profile . 

The scare i s l. 25m in l e ngth. The two 

bloc k s in the foreground we r e the princi pal 

sour ces of ma teri a l. 

b Bil steinhohle , old s hooting range (4515 

Hirschberg ' e5 32, n 989). A profile of 

this section was given by Clausen ~ ~. 

(1979, fig. 4). Numbe rs in square boxes 

on the s ketch (Te xtfig. 7.5d) we re visible 

painted on the r-ock face in 1980. 

figure numbers are sampl e numbers. 

Three
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Plate 7.5 

Hove l. old quarry on the B229. 1 . 5~n 
south south we st of Hovel (4613 Balve 
e246 n922). 

a section C . whi c h is detail ed in 
Textfig . 7.6a . The scale is 1.25m 
in l e ngth. Details of beds are 
given in Te xtfig. 7.l6a. 

b vie w of the main quarry. showi ng 
the p:ominen~ change in lithology 
co~ nc~dent w~th the Annulat a 
Shale. The scale is 2.5m in 
length. Bed number s are after 
Ziegler 1971a. and details are 
give n in Textfig. 7.16b. 
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Te xtfig. 7 . 6a Hove l . section C 

o m 10 Textf ig . 7. 6c sections at Hovel . 
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t 7 . bc 
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--7.bd Hovel . su lion A --
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I 

Disused quarry 

o m 50 

Textfi9 ' 7. 6b Ske t c h map of old quarry nea r Hove l. 





Plate 7 . u 

d Ure we r (4 5 1b Wa r s t e in . e555 nOb7 ). S lumping in upper Fa me nni a n 

limestones at t he Ost Provinzia l S t ei nbru c h. no r th fa ce . The 

sca l e i s 4m in l e ngth. 

b Re ige rn Quarry (46 13 Balve . e29 8 n3 93 ). Be d number s are s hown 

on the s ke tch be low ( Textfig . 7.7b). A de taile d section is 

given in Textfig . 7.20. The sca l e i s 1. 25m in l e ng th. 
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COllecting localities 

Ainkhausen e262 n963 4613 Balve Pl. 7.4a, Textfigs. 7,5a,b,7.8 

A small quarry reached by a track running for 250m north from 

the large farm-house in the hamlet of Ainkhausen. Exposed in 

the quarry are 20m of red nodular Famennian limestones (Pl. 7.4a), 

dipping at 14E/342. The inset profile on the plate shows the 

notch caused by the Annulata Shale. Schafer (1978, p. 93 Probe 6) 

dated the limestones as ranging from the ~ginifera Zone at the 

base, to the Middle/Upper velifer Zone at the top of the section. 

Above this is the Lower Carboniferous Kieselschiefer, in which a 

bituminous limestone was dated as of anchoralis Zone age. 

Ammonoids were collected only from the loose block labelled 

2 in Textfig. 7.5b. This was some 60cm thick, and is believed to 

have fallen from the overhanging ledge forming the lower part of 

Bed 2. The following specimens were collected. 79/2, 51-60, 

2081; 79/23, 61-71; 79/25, 72-76. The presence of ~. (~.) 

richteri (3,61) and~. (Trig.) §pinosa (70) suggest an annulata 

Zone age. The occurrence of Protoxyclymenia sp. (62) points to 

the possibility of recognising an upper division to the annulata 

ZOne. 

Beil e210 n960 4613 Balve Pl. 7.1-3, Textfigs. 7.2-4,9-11, 21 

This locality is arguably the most important for study of 

Upper Devonian ammonoids in central Europe. Faunas ranging in 

age from middle Frasnian to the Clymenia Stufe can be collected 

here (see Textfig. 7.2b). middle Frasnian red nodular limestones, 

quarry K; middle Frasnian grey limestones, sample point 79/102, 

exposed in a shallow surface trench; Kellwasser Limestones and 

nodular limestones in which lie the Frasnian/Famennian boundary, 
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quarry K (see Wedekind 1913b); the same faunal levels must be 

exposed in quarry F, but no identifiable fauna could be collected 

from here; limestones of ~pida to ~ginifera Zone age are 

exposed in outcrop D,Trench E, sample point 367, and probably in 

quarry G; velifer Zone limestones are present in quarry H and in 

outcrops A,B and possibly C and DJ styriacus Zone limestones 

are present at the top of outcrop A, and fossiliferous levels have 

been now largely removed from outcrops I,J and from a trench (sample 

353) marked by the dotted line. 

Authors have reported faunas from these localities in the pasta 

Wedekind 1913b (quarries K,L), Wedekind 1914 (unknown locality, 

possibly the now obscured quarry 10m north east of sample point 

367, annulata Zone fauna); Lange 1929 (outcrop I is the remains 

of his trenclh Ziegler 1962 (quarry H is his "untere Klippe", and 

outcrop A his "obere Klippe"), Sch:ifer 1978 (his Probe 250 came 

from the upper part of quarry F and Trench E was commissioned for" 

him to study lower Famennian conodont faunas, reported as Probe 

210). Schindewolf and Paeckelmann collected a large fauna from 

the Gonioclymenia Stufe, which now lies unstudied in the Museum 

fUr Naturkunde, Berlin. 

The following specimens were collected for this study a 

2211-43,60 in situ from Trench E 

2244 outcrop C 

2245-6 quarry H 

2247-87 outcrop A 

2288-97 sample point 353 

2298-2301 outcrop A 

2302 sample point 367 

2303-6 outcrop A 

2307-11 outcrop J 

2312-13 sample point 352 

2314-5 sample point 352 

collected from the debris from Trench E 
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Specimens collected in situ from Trench E were obtained by Sarah 

Gatley and Tony Beese in November 1977, when the trench was still 

continuously exposed. A number of specimens (2316 ~ seq.) were 

collected from the trench spoil in 1979/80, but their original 

horizon cannot be accurately determined. They are not listed here. 

When the trench was being excavated students from the university 

of Marburg collected 150 specimens from the debris, noting their 

position in metres from the base of the trench. This distance was 

correlated with particular beds by means of the diagram in Textfig. , 

7.21. Identifiable specimens are listed below. Two points of 

interest arose from these specimens. Complex caeiloceratids 

(Parat.umbilicatu~ enter in Bed 25 (Bed 15 in the in situ faunas) 

and Gen. Nov. aff. Dimeroceras appears in Bed 23 (Bed 14 in the 

in situ faunas). However the significance of these records is 

reduced because it is not wholly certain whence the specimens 

came. 

No. 

2 

14 

17 
18 

19 

21 

33 

37 

Bed 

25 

25 

25 

25 

25 

25 

25 

25 

41(ii) 23 

42 23 

44 23 

70 21 

86 

89 

99 

113 13 

Marburg 

eheil. circumflexum (Sandberger and Sandberger) 

~pompeckji Wedekind 

.!Q.m. sp. 

Ch. subpartitum (MUnster) 

£00 subpartitum (MUnster) 

Ch. subpartitum (MUnster) 

Ch. subpartitum (MUnster) 

Paratorleyoceras umbilicatum (Sandberger and 

Saridberger) 

Cheil·. subparti tum (Wedekind) 

Torleyoceras curvispina~andberger and sandberge~ 

Gen. Nov. aff. Dimeroceras 

Cheil. subpartitum (Minster) 

Cheil. subpartitum (MUnster) 

Cheil. sacculum (Sandberger and Sandberger) 

Cheil. planilobum (Sandberger and Sandberger) 

Cheil. sacculum (Sandbergerand Sandberger) 



490 

115 14 Cheilo pompeckji (Wedekind) 

119 

131 
142 

14 

13/12 
13/14 

Cheil. aff. amblylobum (Sandberger and sandberger) 

Cheilo circumflexum (Sandberger and Sandberger) 

Cheil. verneuili (MUnster) 

163 4/3 Sporadoceras biferum (Phillips) 

165 2/1 Sporadoceras biferum (Phillips) 

The few specimens obtained from Trench E, and the outcrops 

above, are most important for they allow a correlation to be made 

between the conodont and ammonoid zonation schemes in the lower 

Famennian. Unfortunately the Frasnian/Famennian boundary lies in 

either relatively unfossiliferous levels at the top of quarryF, 

or under the path which runs across between there and the trench. 

Trench E 

Sch~fer (1978) provided conodont dates for the trench, and 

ammonoids were later collected from the same level. Unfortunately 

a 605m thick gap in the succession occurs in the middle of the 

trench between Beds 20 and 14. 

Only one specimen (2211) could be identified from the lower 

part of the trench. This is a weathered example of ~. cf. 

Planidorsatum and was associated with an Upper ~pida Zone faunao 

Torleyoceras curvispina (2212) was collected from Bed 15, where there 

is no conodont date available, but Bed 14, immediately above, a 

distinctive dark red limestone, yielded Ch. circumflexum (2260), 

Qb. PQmpeckji (2216), ~o curvispina (2217-8), Paratorleyoceras 

globosum (2219) and a rhomboidea Zone conodont fauna. Bed 14 also 

yielded a thickly discoidal carinate ventered goniatite identified 

as Paratornocerassp. nov. cf. lentiforme sensu Petersen a This 

can be compared with Parat. lentiforme (2302) which is oxyconic 

from early whorls. It . was collected loose at sample point 367, 

and may also come from this level since it has a similar matrix. 

A number of specimens from this bed have been identified as 
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Gen. Nov. aff. Dimeroceras (2220,1,3). These differ from true 

Dimeroceras by having an umbilical lobe centred very near to the 

umbilical seam, and not on the flank, as illustrated by Wedekind 

(1908). The ventro-Iateral lobe is situated very close to the 

shoulder and has a characteristic flexure on the ventrad slope, 

which precludes confusion with Cheiloceras. Petersen (1975) also 

reported forms like this from the Canning Basin. 

All the faunas encountered up to this level would be placed in 

the curvispina Zone. 

The earliest Sporadoceras were encountered in Bed II, §E. 

(§E.) aff. biferum with a shallow adventive lobe in the lower 

part, and §E. (§E.) biferum in the upper part and in Be&10 and 9. 

It is interesting to note that no Cheiloceras were collected in 

this, the most prolific part of the secti0n and nor were any 

specimens collected with a broad adventive lobe bound by angular 

saddles, which could be identified as Maeneceras pompeckji, the 

index for the upper Cheiloceras Stufe zone. No ammonoids were 

collected from Beds 8-1. Beds 11-9 would be placed in the pompeckji 

Zone and Schafer placed Beds 13-14 in the Lower marginifera Zone. 

Beds 4-1 are in the Upper marginifera Zone. 

Outcrop A 

Ziegler (1962) identified five conodont faunas from Outcrop A, 
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ranging from the Upper marginifera Zone to the Middle velifer Zone. 

It is not certain whether the top of Ziegler's section coincides 

with Bed 10 or Bed 1. It is a straight-forward section to 

measure and its base is clearly visible and not prone to erosion, 

and so measuring error is unlikely. Therefore, Ziegler's Sample 1 

is correlated with the top of Bed 10 (see Textfig. 7.9). 

Sporadoceras posthumum (2248) and muensteri (2250) were coll-

ected from Bed 45, and §E. inflexum (2251) from Bed 42. The 

earliest clymeniid was recorded from Bed 42 (2263). Unfortunately 

this level lies between Ziegler's Samples 8 (Lower velifer Zone) 

and 9 (upper marginifera Zone) so precise correlation cannot be 

achieved. Further specimens were obtained from Beds 32/3 (2254-6, 

64-5). An unidentifiable Platy£1Y,menia (2298) and Gen. Nov. 

~ stuckenbergi were collected from Bed 25, in the Middle velifer 

Zone •. 

The upper part of outcrop A (Beds 9-1), not sampled by Ziegler, 

but dated by Dreesen (see Chapter 6, Fauna 12) as Lower styriacus 

Zone, yielded a large diverse fauna including, inter alia, Prio-
. . 

noceras frechi and Plat. (~.) richteri. This level is con-

sidered to lie beneath that sampled by Lange 19290 Beds 9-1 are 

distinctive white-grey weathering biornicrites. 

Sample point 353 

Approximately 150m above Beds 9-1 (marked on Textfig. 7.2b 

as sample point 353) is a level which has obviously yielded many 

specimens to German amateur collectors, for they saw fit in the 

winter of 1979 to excavate a trench 1.5m wide and over 300m in 

length. Perhaps this was the horizon located by Wedekind and 

Lange. Specimens 2288-97 were obtained from here. 

Outcrop J 

A section at point J yielded fauna comprising~. (Trig.) 
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~pinosa (2310,1), Prionoceras divisum and Carinoclymenia. 

Sample point 352 

Specimens of Kosmoclymenia were collected. loose from the 

surface at sample point 352. Matrix from HU P82.14 yielded a 

Lower-Middle styriacus Zone conodont fauna. This level undoubtedly 

lies in the £!Ymenia Stufe, and it is overlain by lower Carboni

ferous lydites. 

Bilsteinh8hle e5321 n9893, 4515 Hirschberg Plo 704b, Textfigs. 

7.5c,d 

Faunas from this section, situated in an old shooting-range 

approximately 400m south east of the entrance to Bilsteinhohle, 

3km south west of Warstein, have recently been described by Clausen 

.§j;:~. (1979). Collections from silicified limestones made for 

this study largely confirm their conclusions. The fOllowing· 

specimens, mostly internal moulds, were obtained, 

Sample Specimen Nos. Age 

79/124 77-79 evoluta Subzone 

79/117 80-82 

79/122 83-84 §Phaeroides Subzone 

79/126 85-87 paradoxa Zone 

79/129 89-93, 95-98 mid £1Ymenia Stufe - paradoxa Zone 

79/128 94 

79/127 99-102, 106 

79/130 103-105 §phaeroides Subzone 

Not all of the samples contained species sufficient for 

precise zonal discrimination. Important in this respect were, 

Cyma. cf. evoluta (79), ~. §phaeroides (83, 105), ~. para

~ (77, 93), ~ (Subgen. Nov. ~) wocklumensis (85, 94), Imit. 

quadripartitum (96). 



Borke-Wehr e221 n186 4613 Balve Textfigo 7,12 

This small quarry situated 300m north of point 241, 1.5kID 

east south east of Balve, is the type localitY'of ~. paradoxa 

and lies on the slopes of the eponymous hill, Wocklum. A section 

through the Gattendorfia Stufe was given by Ziegler 1971a, below 

this lie 1.45m of Hangenberg Schiefer, with nodular limestones of 

uppermost Wocklumeria Stufe age below. A section is given in 

Textfig. 7.12b. Fauna collected includes I 

Bed Specimen no. Age 

c 

bId 

107-8 

109-10 

~haeroides Subzone 

paradoxa Zone 

Dasberg e241 n950 4613 Balve Textfigo 7.13 

Schafer (1978, po 95) gave details of a trenched section 

through the upper Famennian at Dasberg, type locality for the 

Dasbergian. This trench was filled in some years ago, and the 

outcrops are no longer accessible. Two small outcrops yielded 

specimens. Ne~r the roadside a cutting exposed mid~CIYmenia 

Stufe age highly weathered white rubbly limestones, and numerous 

specimens of Cl. laevigata were collected. Small'outcrops 70m 

along a track into the forest yielded a red-grey biomicrite in

cluding specimens of Gon. (Subgeno Nov. A) brevispina and Pirie 

piriformis 0 

Drewer e555 n710 4516 Warstein PI.7.6a 

Sections in this quarry formed the basis for Schmidt's (1921) 

biostratigraphic study. It is very difficult to collect faunas 

here today. 

Plate 7.6ao 

Slumping in the northern wall is illustrated in 
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Effenberg e277 n957 4613 Balve Textfig. 7.14 

A profile,for this section is given in Textfig. 7.14. Grey-

red upper Famennian nodular limestones form the overburden in an 

active quarry exploiting massive Lower Famennian limestones. 

Consequently no map is given, and the section has now been destroyed. 

Faunas were collected from three levels, and included the 

following. 

Sample 

80/123 

80/120 

80/112 

Specimen No. 

112-14, 2056-60 

115, 116 

117-23, 2055 

Age 

?subarmata Zone 

upper £!Y.menia Stufe 

The most distinctive fauna comes from sample 79/112, and 

includes an undescribed species of Kosmoclymenia (117) (= effen-

bergensis, Korn and Price, in preparation), also encountered in 

Bed 9 at HBvel. 

Geuser e615 n668 5734 Wallenfels Textfig. 7.15A 

Approximately 20m of grey massive Upper Devonian limestones 

are exposed in a disused quarry south west of the hamlet of Geuser, 

4km south of Wallenfels, Frankenwald. At the top of the quarry, 

in a dangerous position which precluded accurate measurement of 

the section, 'are approximately 50cms of thinly. bedded grey lime

stones, from which a large fauna was collected. GUmbel (1863, 

p. 112) mentioned a iocality "Fundorte vom Grafen zu MUnster ••• 

beidemDorf Geiser im oberen Zeyernbach-Th!lchen", which description 

fits this quarry. It is interpreted as Munster's locality 

"Geiser". 

The fauna comprised numerous specimens of pseudoclYmenia 

(131-69) inCluding ~~ ~~iCki (MUnster), which hitherto has 
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has been recognised as a Kosmoclymenia. Matrix from these 

specimens (378) yielded a ~ginifera Zone conodont fauna. Also 

collected from here were, what must on this evidence be considered 

as early,clymeniidsl Platyclymenia SPa (124-6), Gen. Nov. D 

~yseri (129, 130) and Gen. Nov. F aff. costata (21). 

Havel e246 n923 4613 Balve Pl. 7,5, Textfigs. 7.6a-d, 7.16a,b, 

7.17 

This disused quarry on the B229 1km south west of Hovel is 

the most important locality for lower CIYmenia Stufe faunas. 

The limestones exposed range in age from the ~ginifera to ?£2§1-

atus Zones. - Sections for this quarry have been published by 

Lange (1929) and Ziegler (1962, 1971a). Ammonoid faunas have been 

reported by Wedekind 1914, Schmidt (1924), Lange (1929) and 

Ziegler (1962, 1971). The horizon. of the bulk of ammonoid 

material collected from here (by Wedekind and Torley) was not re-

corded. Wedekind established his lower Clymenia Stufe division 

here, characterised by Clymenia hoevelensis. 

Lange's (1929, p. 26) measured section cannot be directly 

related to the present outcrop. Plate 7.5b clearly shows a 

marker horizon, the Annulata Shale. Below this the limestones 

are relatively massive, above nodular. About one metre below the 

Annulata Shale is a nodular horizon which has yielded Prole 

delphinus and QY.rt. involuta (Textfig. 7.16a). This corresponds 

to Bed 2 of Lange's account. Bed 3, next above, was described as 

Itgrauer dickbankiger flaseriger Kalk", 1.lm in thickness, which is 

fitting for the unit beneath the Annulata Shale. However, above 

this level Lange's section cannot be related to the outcrop. He 

records 20cms of nodular limestones with shaly intercalations 

(Beds 4,5) overlain by 70cms of relatively massive grey limestones 
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(Beds 6-7). The following fauna was recordedl Bed 41 End. (~.) 

kiliani; Bed 51 £1. laevigata; Bed 61 Cl. laevigata, Prog. 

(Prog.) ~goceras, Gon. (Gon.) subcarinata; and Bed 71 "QIDr. 

sedgwicki". - , 
Beds 5-7 are most probably equivalent to the lime-

stone exposed at Section C, (see below). 

Main Quarry Section A Pl. 7.5b, Textfigs. 7,6d, 7.16b 

For this study~. (Plat.) pompeckii (sample 081; 188/9) 

and §E. (§E.) muensteri (sample 076; 176) were collected from an 

horizon 1.40m below the Annulata Shale, a level dated as Lower 

velifer Zone (Ziegler 197Ia), and represents the earliest dated in 

situ occurrence of clymeniidso 

Section D 

A level 40cms above the Annulata Shale (Section D) yielded 

Plat. (~.) cf. valida sensu Drevermann (1908), ~. (?Trigono-

clymenia) sp. (2371) and Posttornoceras sp. (2368). This level 

was dated as Lower ~yriacus Zone by Ziegler (1971a) and represents 

the highest known in ~ record of an annulata Zone fauna. 

From 15cms (sample 056) above this level a small smooth clymeniid, 

identified as cfo £10 §Piratissima (1910) was collected. The 

highest exposures in the main part of the quarry (immediately 

below Section C) yielded Proto~£lY.menia sp., and presumably fall 

in the Upper styriacus Zone (Ziegler 1971a). 

Section C Pl. 7. 5a, Textfigs •. 7. 6a" 7. 16b 

Above the main quarry an exposure of 1.35m of massive grey 

limestones of Clymenia Stufe age was excavated. Twenty faunal 

levels were recorded. 

Bed 

1 

6 

Sample 

206 

331 

Specimen 

1940 

1948 

Significant records were as folloWS I 

Species 

Gen. Nov. ~ cf. acuta sensu Schmidt 

Prog. (~g.) ~goceras 
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6 521 1974 Kosmo. subundulata 

2044 Sell. affo plana 

2045 .QY.ma. costellata 
6c 231 1980 Cl. laevigata 
7 496 1981 Q2n. (Gon. ) hoevelensis 
7 496 1988 Kosmo. aff. inaequistriata 
8a 291 1997 £yma. cf. tricarinata 
8a 311 2019 Kosmo'. inaegyistriata 
8b/9 351 or 2032 .R!:Qg. (Prog. ) aegoceras 

386 2033 Cl. laevigata 

2034 .§§.!!. torleyi 
9 381 2024 Kosmo. effenbergensis (Kom and Price, 

in preparation). 
9 391 2028-30 .QY.ma. aff. striata 

A notable absentee from this list is End. (Cost.) kiliani 

which Lange (1929) recorded as ,abundant in the lower Clymenia 

Stufe at Havelo Presumably it would be found in the unexposed 

part of the section, between the main quarry and Section C. 

~ , 

C1Y.IDenia laevigata is present in Bed 2 near the base of the section 

and ranges at least as high as Bed 6c, being particularly abundant 

in Beds 5 and 6. The single record from Bed 8b/9 (sample 351/ 

386) is circumspect, and especially so since the correct sample 

number is not certain. 

Kosmoclymenia subundulata was recorded from Bed 6, but ranges 

lower (Kom pers. corom.). Kosmoclymenia aff. inaequistriata 

(= ~. ~gantula sensu Schmidt) with relatively coarse growth-

lines ranges upwards from Bed 7, Kosmo. inaegyistriata appears in 

Bed 8a, and an as yet undescribed species with regular coarse radial 

growth-lines enters the record in Bed 9. 

Other genera and species are not sufficiently common for 

ranges to be stated with any degree of certainty. Particularl y 

rare was Q2n. (GonioclY.IDenia) of which only three in situ examples 

were found. However, since there is no published accurately 
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measured section through the Clymenia Stufe, this contribution is 

particularly important, even though neither its upper nor lower 

boundaries can be defined. 

Kattensiepen e579 n036 4516 Warstein Textfig. 7.18a 

This large disused quarry lying between Ruthenand Suttrop 

exposes a sequence of 70m of limestones ranging from the ~pida 

Zone to the anchoralis Zone. Particularly important is a nodular 

bituminous limestone considered to be a lateral equivalent of the 

Annulata Shale. It contains a rich fauna of PlatY£!Y.menia, 

Prionoceras, Posttornoceras and Prolobites. Over 500 specimens 

are known from this level but, interestingly, neither Cyrtoclymenia 

Cymaclymenia nor §poradoceras have been found. 

Nehden Hohlweg e758 n005 4517 Alme Textfig. 7.18b 

Many thousand specimens of Cheiloceras have been collected 

from this classic locality (Textfig. 7. 18b) where the 20m thick 

Nehden Schiefer crop out. Most of these specimens have come from 

fields south east of the village of Nehden, and from Hohlweg in 

the north east, where a stream cutting exposes ca 5m of black-grey 

silty shaleso From one horizon here over 100 examples of Para

.torleyoceras umbilicatum and 30 examples of Cheiloceras "acutum" 

(sensu Sandberger and Sandberger) were collected. A representative 

fauna from here has peen lodged in the Hull Collections (2193-

2201). The Nehden Schiefer appear entirely lower curvispina 

Zone in age, since no Paratornoceras have been foundo 



500 

Oberrodinghausen 

Railway-cutting e194 n961 4613 Balve 

This is the locality from which Schindewolf (1937a) collected 

a large fauna, inCluding at least 900 specimens of Wocklumeria 

§Phaeroides. Such cOllecting is not possible today, especially 

at outcrop. A number of unweathered blocks, labelled with Schinde

wolf's (1937a) bed numbers,have been deposited in the Departmental 

COllections at Hull. 

B515 road-cutting e197 n964 4613 Balve 

until it was cleared for the lUGS Devonian/Carboniferous 

boundary Working Group in the Summer of 1982, all that remained of 

the section described by Ziegler (1962) were a few metres of nodular 

limestones lying immediately below the Hangenberg Schiefer. 

Two samples were collected in situ, and their horizon is 

correlated with Ziegler's (1962) Sample 16, subarmata Zone. 

Oese e157 n969 4512 Menden Textfig. 7.19 

A 400m long road-cutting on the western side of the B7, just 

south of the railway Haltepunkt Oese, exposes a thick sequence of 

interbedded Famennian sandstones, siltstones and shales with 

nodular uppermost Devonian limestones occurring beneath the Hangen

berg Schiefer. A detailed section was given by,Ziegler (1962). 

and the upper portion of this is covered by Textfig. 7.19. 

Most specimens were collected from the uppermost 5m of the 

sequence, dated as Wocklumeria Stufe. However, flattened Platy

£lymenia were recovered from 45cms thick grey/black shales, 

(Bed 25 of Ziegler's account), some 12.35m below the base of the 

Hangenberg Schiefer (79/87-9, 2089-96). 

The following finds were significant. 
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Limestone Quarry Reigern Balve 4613:297953 
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Wocklumeria §phaeroides (79/63; 2116), Parawocklumeria paradoxa 

(79/65; 2111/2), and Imitoceras cf. quadripartitum (79/77; 2097) 

collected from 4.6m below the Hangenberg Schiefer, the lowest 

level which can be included within the subarmata Zone. 

Reigern e2979 n9528 4613 Balve Pl. 7.6, Textfigs. 7.~ 7020 

An exclusively subarmata Zone fauna was recorded from this 

small quarry situated on the south slopes of MU8senberg, just 

north of Hachen. Parawocklumeria was not found and so the whole 

of the outcrop must lie in the subarmata Zone, which confirms 

Schindewolf's (1937a) findings. Sch~fer (1978, Probe 184) re-

corded a middle costatus Zone fauna. A particularly prolific 

and well preserved fauna was collected from loose blocks of a 

distinctive grey-yellow weathering massive limestone, considered 

to come from Bed 33. It is from this horizon that KosmoclYmenia, 

complete with ventral spines, can be collected. 

Schubelhammer Steinbruch K8stenhof e675 n692 5735 Wallenfels 

Textfig. 7015B 

Only one specimen (20) was collected from this quarry, now 

a source of facing stone. Reference is made to this locality 

simply because most of Munster's specimens carne from SChubel-

hammer. Gumbel described the rocks here, but gave no precise 

details of its location. The quarry is presumed either to be 

Munster's locality, or to be along strike from it. 

W~schholz e752 n699 Schwarzenbach am Wald Textfig. 7.15C 

This locality can be described only as in the middle of the 

forest, three kilometres south east of Schwarzenbach am Wald, 
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5C2 

Frankenwald (Textfig. 7.15A). Collecting was possible only from 

loose blocks but information for this Bavarian locality is included 

because a fauna was obtained which is partially unknown in the 

Rheinische Schiefergebirge. Co-occurring with PlatY£1Y.menia 

(Plat.) and~. (Trigonoclymenia) were-fAktuboclymenia (2208), 

Cf. Proto~clymenia (2207) and examples of an undescribed genus 
\ 

(2202-6). These examples are small (D< 2cms) and highly evolute 

with a compressed whorl-section and distinctive biconvex prorsi-

radiate ribs on the last whorl (except for 2206). Unfortunately 

sutures were not visible on these, nor on theq.Aktubocl~enia, which 

would confirm the only other recorded occurrence of this genus 

outside the Urals. 
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Appendix 1 

Specimens deposited in the collections of the University of Hull 

All specimen numbers are preceded by HU pa2. 

Sample numbers are listed in Appendix 2 

Illustrated Specimens 

No. Samp. Name 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 
15 
16 
17 
18 
19 

388/3 
403/6 
79/29 

~. su1eata (Sehindewo1f), Geuser 
Su1eo. aff. su1eata (Schindewo1f), WHschholz 
Plat. (~.) richteri (Wedekind), AinKhausen 

~y~. involuta (Wedekind), Beringhausen 
~y'ma. sp. A, Effeoberg 

396/2 Plat. (~.) richteri (Wedekind), WUschholz 
? Bed 33 ~. undulata (Munster), Reigern 

142 Kosmo. inaeguistriata (Munster), Mussenberg 
? Bed 33 Kosmo. undulata (Munster) 
400-500 Kosmo. inaeguistriata (Munster), H8vel 

? Bed 33 Kosmo. undulata (Munster), Reigern 

352 
352 

Kosmo. bisulcatl (MUnster), Reigern 

Kosmo. subundulata (Wedekind), H8vel 
~. subundulata (Wedekind), Beil 
KosmQ. sp., Beil 

~Y.!!!!' sp. 
£Yma. sp. 
~yma. sp. 

20 408 ~y.!!!!. camerata Schindewolf, Schubelhammer 
see below, after specimen 49 21-2 

129 348/1 Gen. NOV. Q ~y~ (Drevermann), Geuser 

Illustration 

Pl. 5.19, Figs. 14,15 
Pl. 5.19, Fig. 18 
Pl. 5.13, Figs. 1,3,4, 
5,8,12 
Tf. 17E 
Pl. 5.39, Figs. 4-6 
Tf. 5.33L,M 
Pl. 5.13, Fig. 2 
Pl. 5.22. Fig. 10. 
T!. 27E 
Pl. 5.21, Figs. 1,2 
Pl. 5.21, Figs. 3,8 
Pl. 5.21, Figs. 4,5,7. 

Pl. 5.23. Fig. 10 
Pl. 5.22, Fig. 5 
Tf. 270 
Pl. 5.26. Figs. 14-1b 
Tf. 29B 
Pl. 5.28, Figs. 3,6 
Pl. 5.29. Figs. 1-3 
Pl. 5.29. Figs. 4-6 

Pl. 5.38, Fig. 17 
Tf. 5.31G-I 
T!. 5.31F 
Pl. 5.42, Figs. 1.2 

Pl. 5.31, Fig. 8 
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. Casts 

No. Name 

23 Plat. (~.) prorsostriata Schindewolf see Pl. 5.16, Fig.4 

24 Plat. (~.) quenstedti Wedekind see Pl. 5.13, Figs. 6,7 

25 Pre ~pentina (MUnster) see Pl. 5.26, Figs. 10,11 

26 Kosmo. spo £l see Pl. 5.25, Figs. 15,16 

27 Sulco. sulcata (Schindewolf) see Pl. 5.19, Fig. 16 

28 ~. Nov •. D flexuosa (Munster) see Pl. 5.31, Fig. 1 

29 Gen. Nov. ~ aff. costata (Munster) see Pl. 5.30, Fig. 5 

30 Gen. Nov. F ? decorata (MUnster) see Pl. 5.30, Fig. 8 

31 Gen. Nov. F aff. subflexuosa (Munster) see Pl. 5.30, Figo 9 

32 Gen. Nov. Y kayseri (Drevermann) see Plo 5.31, Fig. 7 

33 Gen. Nov. E SPa ~ see Pl. 5.31, Fig. 3 

34 ~. (Trig.) ~pinosa (MUnster) see Pl. 5.17, Figs. 5,6 

35 ~. borni (Schindewolf) see Pl. 5.36, Fig. 2 

36 ~. borni (Schindewolf) see Pl. 5036, Fig. 1 

37a Cyma. striata (MUnster) see Pl. 5.37, Fig. 7 

b £yma. striata (MUnster) see Pl. 5.37, Fig. 10 

38 CYma. camerata (Munster) see Pl. 5.37, Fig. 14 

39 £Y,cloo planorbiformis (Munster), cast of SM H10375, 

proposed neotype. MUnster Collection, Gattendorf. 

Conodont faunas 

No. Sample Explanation 

40 Nodule Band, Kattensiepen 

41 D Beds 1-10, outcrop A, Beil 

42 £ycloclymenia £1Ymenioides, holotype, UEN 

43 378 Geuser (horizon with E§. sedgwicki) 

44 Outcrop C1, Beil (matrix from 2244) 

45 

46 

47 

48 

49 

Bed 9f, Trench E, Beil 

Bed 11g,·Trench E, Beil 

Bed' 15a, Trench E, Beil 

Sample point 2, Nehden 

Sample point 2, Nehden 



Other specimens 

No. Sample Name and Locality 

21 308 Gen. Nov. aff. costata (MUnster), Geuser 

22 Cl. laevigata (Munster), Dasberg road-cutting 

Sample 

79/2 

79/23 

79/25 

76/29 

No. 

51-5 

56-8 

59 

60 

2081 

61 

Ainkhausen 

Name 

Prionoceras divisum (MUnster) 

Prionoceras sulcatum (Munster) 

Prionoceras frechi (Wedekind) 

Prionoceras divisum (Munster) . 

Prolobites delphinus (Sandberger) 

Plat. (Plato) richteri Wedekind 

62 Proto~clymenia sp. 

63 ~. (Plat.) beuelensis Lange 

64-9 Plat. (Plat.) sp. 

70 Plat. (Trig.) .§pinosa (MUnster) 

71 

72-4 

75 

76 

3 

? ClYmenia or Gen. Nov. sp. novo 

Prionoceras frechi (Wedekind) 

Prionoceras cf. frechi (Wedekind) 

Plat. (Plat.) richteri Wedekind 

Plat. (Plato) richteri Wedekind 

5B5 

The fauna recovered from Ainkhausen comes from a loose block con

sidered to be equivalent to lower part Bed 2 (Textfig. 7.8). It 

can be dated only as annulata Zone. 

124 

117 

122 

126 

77 

78 

79 

80 

81 

Bilsteinhohle 

Parawocklumeria paradoxa (Wedekind) 
. . .. ... . 

Kosmoclymenia similis (MUnster) 

£i,maclYmenia cf. evoluta (Schmidt) 

Kosmo. sp. 

Kosmo. sp. 

82 indet. 

83 cfo Wocklumeria ~phaeroides (Richter) 

84 Imitoceras sp. 

85a,b 

86 

Q2n. (Subgen. Nov • .!!) wocklumensis (Lange) 

Q2n. (Subgen. Nov. B) wocklumensis (Lange) 



125 

129 

128 

129 

127 

130 

127 

c 

b&d 

87 Kosmo. sp. 

88a,b 

89 

90 

91 

92 

93 

Kosmo. sp. 

? Cl. laevigata (MUnster) 

Cl. laevigata (MUnster) 

indet. 

indet. 

Para. paradoxa (Wedekind) 

5 i.: 6 

94 

95 

Gon. {Subgen. Nov. B} aff. wocklumensis (Lange) 

Kosmo. cf. undulata (Munster) 

96 lmitoceras cf. quadripartitum {Munster} 

97 lmit. sp. 

98 Kosmo. sp. and Imit. sp. 

99 

100 

101a-d 

102a-d 

103 

Kosmo. sp. 

Kosmo. sp. 

Kosmo. sp. 

Kosmo. sp. 

Kosmo. sp. 

Note the body-chamber constriction. 

104 lmitoceras sp. 

105 ? ~. §phaeroides (Richter) 

106 Kosmo. sp. 

Borke-Wehr 

107 ~. sphaeroides (Richter) 

108 ~. paradoxa (Wedekind) 

109 Cyma. sp. 

110 ~. paradoxa {Wedekind} 

111a,b ~. §phaeroides (Richter) 

, 
Effenberg 

123 112a,b £Y.ma. costata (MUnster) 

120 

112 

113 Kosmo. colubrina (Lange) 

114 indeterminate clymeniids 

115 

116a,b 

117 

118 

119 

§poradoceras sp. 

Kosmo. sp. 

Kosmo. effenbergensis (Korn and Price in prep.) 

phacopid 

Cyma. sp. 

120 fY.!!E!. sp • .e. 



112 

123 

378 

388/9 
383 

378 

348 

288 

318 
378 
288 
343 
363 

388 
378 
388 

378 
378 
283 
358 
353 
383 
283 
378 
343 

378 

333 

121 

122 
123 

2055 
2056 
2057 
2058 
2059 
2060 

124 
125 
126 

Kosrno. aff. sublaevis (Munster) 

Kosrno. cOlubrina (Lange) 

Kosrno. inaequistriata (Munster) 

Cyrto. SPa 

Kosrno. cf. inaeguistriata (MUnster) 

Cyrna. SPa 

phacopid 
Cyrna. SPa 

phacopid 

Geuser 

? PlatYClyrnenia SPa 

PlatY£iYmenia SPa 

Platyclyrnenia sp., cross-section 
127 Platyclyrnenia SPa 

128 

{ 
129 
130 
131 

132 
133 
134 
135 
136 
137a,b 
138 
139 
140 
141 
142 

143 
144 
145 
146 
147 
148 

149 
150 

151 

152 

!!§. sed~icki (Munster) 

Gen. Nov. ~ kayseri (Dreverrnann), illustrated. 

PseudoclYmenia SPa 

Protornoceras spo 
Protornoceras SPa 

Protornoceras SPa 

tornoceratid SPa nov. 
tornoceratid SPa nov. 

? Pseudoclymenia SPa nov. 
? pseudoclyrnenia SPa nov. 

R§. ~~icki (Munster) 
Ps. sedg}!icki (MUnster) 
!!§. ~gwiCki (Munster) 
Ps. sedgwicki (Munster) 

Ps. sedgwicki (MUnster) 
.R§. sedgwicki (MUnster) 
PseudoClyrnenia SPa 

.E§. ~gwicki (Munster) 

E§. ~gwiCki (MUnster) 
Ps. sedg}!icki (MUnster) 

~. sedgwicki (Munster) 
Ps. sedgwicki (MUnster) 
.E§. ~gwicki (MUnster) 

~. ~gwicki (MUnster) 



388 

378 

348 

378 

153 

154 
155 

156 

~. sedg}'!icki (Munster) 

Ps. sedgwicki (MUnster) 

~. sedg}'!icki (MUnster) , cross-section 

Ps. sedgwicki (Milnster) , well preserved, 

showing the suture on the reverse. 

157 E§. ~g}'!iCki (MUnster), cross-section. 

158 ~. sedgwicki (MUnster) 

303 159 

323-78 160 

298 161 

378 162 

323 

323-78 

333 

328 

348 

313 
288 

348 

163 

164 

165 
166 

167 
168a,b 

169 

170 

171 
172 

~. sedg]!icki (MUnster) 

.f§. • sedg}'!icki (Munster) , 

ornamented. 

.f§. • sedgwicki (Munster) 

Ps. sedgwicki (MUnster) 

.f§. • sedgwicki (Munster), 

PseudoclYmenia sp. 
Pseudoclymenia sp. 

well 

shows 

E§. dillensis (Drevermann) 

.f§.. dillensis (Drevermann) 

E§. dillensis (Drevermann) 

preserved, 

suture. 

~. dillensis (Drevermann), cross-section. 

Prionoceras sp. 
Prionoceras sp. 

Prionoceras sp. 

173 Prionoceras sp. 

388/5 
388/4 
378 
293 

323-78 
318 
283 

313 

388 

388/4 
318 
388 

174 

175 
176 
177 
178 
179 
180 

181 

182 

183 
184 

185 

Prionoceras sp. 
Prionoceras sp. 

Prionoceras sp. 

Prionoceras sp. 
Prionoceras sp. 
Prionoceras sp. 

Prionoceras frechi (Wedekind) 

Buchiola sp. 

Buchiola sp. 
bivalve 

- ... 

Sample 378 yielded conodonts of marginifera Zone age (see Chapter 6). 



Sample 

91 

106 

81 

76 

86 

101 

1982 

71 

61 

56 

292 

186 

161 

166 

B 

5GD 

Bed No. Name 

5a 

5b 

6a2 

186 

187 

{ 
188 

189 

1900 

1901 

Hovel 

? .§,poradoceras 

goniatite indet. 

Plat. (Plat.) P2illpeckii (Wedekind) 

Sporadoceras (.§.E.) muensteri (von Buch) 

indet. goniatite 

1902 indet. goniatite 

1903 

1904 

indet. goniatite 

indet. 

1905 Platyclymenia SPa 

1906 

1907 

1908 

PlatY£lY.menia SPa 

Platycly'!!!enia SPa 

indet. 

1909 indet. 

1910 

1911 

? Clymenia ~piratissima, note whorl section 

Prionoceras SPa 

1912 indet. 

1913 indet. 

1914 

1915 

1916 indeto clymeniid 

Sections Band C 

1917a-c CI. laevigata (MUnster) 

1918 Kosmoo subundulata (Wedekind) 

1919 ,9ymacly'!!!enia 

1920 CI. laevigata 

1921 Kosmo. suhundulata (Wedekind) 

1922 CI. laevigata (MUnster) 

{ 1923 cf. £1. laevigata (Munster) 
1924 

1925 ? Kosmo. SPa nov.· 

1926 £y~. costellata (MUnster) 
. 

1927 Kosmo. aff. inaeqyistriata (MUnster) 

1928 Kosmo. aff. inaegyistriata (Munster) 

1929 Prionoceras SPa 



176 

191 

171 

206 C 

221 

526 

331 

526 

506 

286 

271 

226 

266 

6a1 

6a 

8a 

1.1 

1.2 

3 

6 

3 

3 

4/5 

4/5 
4/5 

4 

1930 

1931 

1932 

£Y.ma. sp. 
CI. laevigata (MUnster) 
Kosmo. sp. 

1933 Cyma. sp. 
1934 ? ~gonioclymenia 

1935 Kosmo. inaequistriata(MUnster) 

1936 Kosmo. sp. 
1937 indet. 
1938 £Y,rtocl. cf. plicata (MUnster) 

1939 

1940 

1941 

1942 

Prionoceras sp. 
Gen. Nov. ~ cf. acuta (Schmidt) 
CI. laevigata (MUnster) 
? Q.Q!!. (Q.Q!!.) sp. 

1943 CI. laevigata (MUnster) 

1944 indet. 
1945 indet. 
1946 

1947 

1948 

£1. laevigata (MUnster) 
£1. laevigata (Munster) 
? ~gonioclYmenia (Prog.) ~goceras 
(Wedekind) 

1949 £Y.rto. sp. 
1950 

1951 

£1. laevigata (MUnster) 
£1. laevigata (MUnster) 

1952 Posttornoceras sp. 
1953 £1. laevigata (MUnster) 
1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967. 

£1. laevigata (Munster) 

Cl. laevigata (MUnster) 
£1. laevigata (MUnster) 
£1. laevigata (MUnster) 
£1. laevigata (MUnster) 
Cl. laevigata (MUnster) 
£1. laevigata (Munster), shows body 
chamber constrictions 
CI. laevigata (Munster) 
£1. laevigata (MUnster) 
£1. laevigata (MUnster) 

510 



261 

246 

216 

521 

211 

236 

531 

231 

496 

341 

496 

326 

356 

496 

396 

376 

371 

371 

516 

291 

441 

346 

361 

5 1968 

5 1969 

1970 

5 1971 

6 1972 

1973 

1974 

1975 

6 1976 

6a 1977 

1978 

6a 1979 

6c 1980 

7 1981 

1982 

1983 

17 1984 

7 1985 

17 1986 

7 1987 

7 1988 

1989 

7/8a 1990 

8a .. 1 1991 

8a .. 1 1992 

1993 
8a .. 1 1994' 

8a.l 1995 

1996 

8a~3 1997 

8a .. 6 1998 

Cl. laevigata (MUnster) 

Cl. aff. ~piratissima (Schindewolf) 

Cyma. SPa 

Cl. laevigata (Munster) 

Cl. laevigata (MUnster) 

Cl. laevigata (MUnster) 

Rosmo. subundulata (Wedekind) 

1 £1. ~piratissima (Schindewolf) 

Cl. laevigata (~nster) 

Cl. laevigata (MUnster) 

£1. laevigata (Munster) 

Cl. laevigata (Munster) 

Cl. laevigata (Munster) 

Gon. (Gon.) cf. hoevelensis Wedekind 

indet. 

Q2n. (QQ.n.) SPa 

ef. Cymaclymenia 

Kosmo. subundulata(Wedekin~ 

Cyma. SPa (see 2054) 

Kosmo. ef. inaeguist~iata (MUnster) 

Rosmo. inaeguistriata (Munster) 

£yma • sp • l2. 1 

§Qn. (QQ.n.) hoevelensis Wedekind 

Prionoeeras varieosum (Sehindewolf) 

£yma. SPa juv. 

§Qn. (Q2n.) subearinata praematura 

Wedekind 

Imitoeeras Spa 
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Rosmo. aff. inaeqqistriata (Munster) 

Resme. aff. ~quistriata (Munster) and 

£y~. tricarinata Lange 

Kesmo. SPa 

1999 Resme. SPa 

2000 Kesme. subundulata (Wedekind) 

2001 Kesme. subundulata (Wedekind) 

2002 

8a .. 6 2003 

2004 
8a . .5 2005 

Kesme. subundulata (Wedekind) 

Kesme. aff. inaeguistriata (MUnster) 

Kesme. aff. inaeqqistriata (MUnster) 
Cy~. indet. 



321 

431 

311 

476 

366 

466 

461 

481 

296 

306 

466 

381 

391 

351/386 

471 

451 

401 

421 

486 

291 

521 

2006 

8a.4 2007 

8a.5 2008 

8a.3 2009 

Kosmo. indet. 

£yma. indet. 

Prionoceras sp. 

Kosmo. inaequistriata (MUnster) 

Kosmo. inaeguistriata (Munster) 

Kosmo. inaequistriata (Munster) 
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8a.3 2010 

2011 

2012 Kosmo. inaequistriata (MUnster), affixed 

to 2010 

8a.1 2013 

9.4 2014 

Kosmo. inaeguistriata (MUnster) 

Kosmo. effenbergensis, Kom and Price in 

preparation. 

2015 Kosmo. inaeguistriata (MUnster) 

8a.7 2016 

8a.7 2017 

2018 

8a.8 2019 

9.1 2020 

9.7 2021 

Kosmo. inaequistriata (Munster) 

? £Y.ma. sp. 

lmitoceras sp. 

Kosmo. cf. inaeguistriata (Munster) 

Kosmo. effenbergensis 

2022 £yrtoclymenia sp. 

9.3 

2023 

2024 

Imitoceras globo$um Schindewolf 

Kosmo. effenbergensis 

2025 Kosmo. effenbergensis 

2026 Kosmo. indet. 

2027 Kosmo. inaeguistriata (MUnster) 

9.2 

2028

1 
2029 

2030 

£ymaclymenia aff. striata (MUnster) 

2031 cyrtoconic nautiloid 

8b/9 2032 

2033 

2034 

2035 

2036. 

8 2037 

8 2038 

8 2039 

8 2040 

2041 } 9.1 
2042 

8a.6 2043 

6 2044 

~g. ~goceras (two specimens) 

£1. laevigata (~nster) 

Sell. torleyi (Wedekind) 

Kosmo. inaeguistriata (MUnster) 

Prog. (Prog.) ~goceras (Wedekind) 

Kosmo. sp. 

Kosmo. sp. 

Kosmo. effenbergensis 

nautiloid 

Kosmo. inaeguistriata (MUnster) 

Kosmo. inaeguistriata (MUnster) 

Sell. aff. plana (MUnster) 
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2045 £yma. costellata (MUnster) 

2046 indet. 

2047 indet. 

2048 indet. 

2049 cf. Cl. laevigata (Munster) 

276 4-6 2050 indet. 

216 5 2051 .QY.ma. sp. , with strong ribs (with 1971) 

496 7 2052 gastropod 

2053 indet. 

2061-8 (see Mussenberg) 

2069-80 (see Oberrodinghausen) 

2081 (see Ainkhausen) 

332/7 2082 Sporadoceras sp. 

342 6c 2083 Cl. laevigata (MUnster) 

337 7 2084 el. laevigata (Munster) 

2085 Imitoceras sp. 

2086 ~. torleyi (Wedekind) 

2087 g. laevigata (Munster) 

2080 

For Hovel see also 2363-73 

172 

167 

2061 

2062 

MtW.ssenberg 

~.·§phaeroides (Richter) and Pro 

(Kenseyoceras) nucleus (Schmidt) 

- ditto -

2063 indeto 

2064 

2065 

Acutimitoceras substriatum (MUnster) 

Acutimitoceras sp. 

2066a-c Acutimitoceras sp. 

2067 Acutirnitoceras spo 

2068 Acutimitoceras prorsum prorsum (Schmidt) 

2069-80 (see Oberrodinghausen) 



Hohlweg 

140 

141 

142 

143 

2193 

2194 

2195 

2196 

2197 

2198 

2199 

2200 

2201 

2202-10 

2069 

2070 

2071 

Nehden 

Archoceras, very rare 

posidoniid bivalves 

posidoniid bivalves, brachiopods, pyrit

ised goniatites and paratorleyoceraso 

crinoid 

crinoid 

brachiopods 

orthocone 

Cheiloceras SPa 

nodule 

(see W:ischholz) 

Oberrodinghausen 

~. ~phaeroides (Richter) 

Q2n. (Subgen •. Nov. ~) wocklumensis Lange 

Kosmo. Spa 

2072 Kosmo. sp •. 

2073 Kosmo. inaeqqistriata (MUnster) 

2074 Prionoceras SPa 

2075 

2076 
£Y.rna • s p • .a 
Imitoceras SPa 

2077 indet. 

2078 indet. 

2079 Kosmo.,similis (MUnster) 

2080 Kosmo. undulata (MUnster) 

141 & 143 collected in situ = Ziegler's (1962), Sample 16, sub

armata Zone. 

79/86 

2081 . 

2082-7 

2088 

(see Ainkhausen) 

(see Havel) 

'Oese 

Posidonia 



87 

88 

89 

77 

73 

74 

72 

69 

67 

66 

65 

61 

62 

63 

Beds 
2 

9 

10 

13 

14 

15 

21 

2089-94 

2095 

2096 

2097 

2098 

2099 

2100 

flattened Platy~enia indet. 

bivalves 

squashedPlatyclymenia 

Imitoceras cf. quadripartitum (MUnster) 

? Kosmoclymenia 

Orthoceras 

Imitoceras sp. 

2101 lmitoceras sp. 

2102 Imitoceras sp. 

2103 £Y.ma. aff. barbarae (Loewinson-Lessing) 

2104a,b £Y.ma. aff. barbarae (Loewinson-Lessing) 

2105 indet. 

2106 lmi toceras sp. 

2107 lmitoceras sp. 

2108 crinoid ossicle 

2109 

2110 

2111 

2112 

2113 

2114 

2115 

lmi toceras sp. 

nautiloid 

~. paradoxa (Wedekind) 

~. paradoxa (Wedekind) 

Q2n. (~.) subarmata (Munster) 

Imitoceras sp. 

cf. Gon. (Kall.) 

2116a,b ~. ~phaeroides (Richter) 

Reigern 

2117 Imitoceras sp. 

2118-23 Imitoceras sp. 

2124 Kosmo. sp. 

2125 £yma. sp. 

2126 Kosmo. sp. 

2127 Kosmo. spo 

2128 Kosmo. sp. 

2129 Imitoceras sp. 

2130 Kosmo. sp. 

2131 Kosmo. sp. 
, . 

2132 Kosmo. wocklumeri (Wedekind) 

2133 Kosmo. sp. 

2134 £Y.ma. sp. 

2135 £Y.ma. sp. 



14 

21 

24 

27 

27 

loose 

33 

33 
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2136 juvenile specimens 

2137 Kosmo. sp. 

2138 

2139 

2140 

2141 

2142 

2143 

2144 

2145 
2146 

2147 
2148 

Kosmo. sp. 

£yrto. sp. 

indeto 

£yma. sp., 

Imitoceras sp. 

Imitoceras sp. 

£yma • .§E. 

Pro (Kenseyoceras) sp. 
Pro (Kepseyoceras) sp. 

orthoceratid 
QQn. (Kall.) cf. subarmata (Munster) 

2149 Kosmo. cf. schindewolfi (Korn and Price 

in preparation) 

2150 

2151 

2152 

2153-64 

2165-70 

2171-2 

2173 

2174-7 

2178-81 
2182-3 
2184 

2185-7 

2188 

2189 

2190 

2191 

2192-

Imitoceras indeto 

Imitoceras ?globosum Schindewolf 

Gon. (Kall.) sp. nov. aff. subarmata 

(Munster) 

Kosmo. undulata (MUnster) 

Kosmo. similis (MUnster) 

?Gen. Nov. (undescribed) 

£yma. sp., strong ribs 

£yma. aff. barbarae (Loewinson-Lessing) 

£yrto. aff. plicata (MUnster) 
Sporadoceras sp. 
Imitoceras quadripartitum (MUnster) 

Imitoceras cf. globosum Schindewolf 

Sporadoceras sp. 
Imitoceras quadripartiturn (Munster) 

Imitoceras lineare (MUnster) 

Imitoceras quadripartitum (MUnster) 

Imitoceras quadripartitum (MUnster) 

2193-2201 (see Nehden) 

2314 
2315 

Kosmo. undulata (MUnster) 
Sporadoceras'sp. 



2202-5 
2206 

2207 
2208 

Waschholz 

Gen. Nov. sp. nov. 

Gen. Nov. aff. sp. nov. 
cf Protoxyclymenia 
cf Aktuboclymenia ancestralis (Kom 

and Price, in preparation) 
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2209 phacopid 

2210 Plat. (~.) richteri Wedekind 

21b1 

15a6 

15a2 
15c1 
14d-

2211 

2212 

2213 
2214 
2215 

14c1 2216 

14b2 2217 

14b3 

14b7 
14bl 
l1b 
top 2 

14a7 

2218 

2219 
2220 
2221 

2222 

14a6 2223 
l1gl 2224 
l1b 2225 
top 1 

1Ia2 2226 
2227 

lOfl 2228 

lOf2 2229 

lOcI 2230 

10c2 2231 
a-b. 
10c3 2232 

10b3 2233 

1n situ Beil Trench E 

Pemoceras cf. Planidorsatum(Munster) 
Torleyoceras curvispina (Sandberger and 

Sandberger) 

indet. 
indet. 
indet. 
Cheil. cf. pompeckii Wedekind 

TorI. curvispina (Sandberger and Sand
berger) 

!2!1. curvispina (Sandberger and Sand
berger) 

+ • , , 

Paratorleyoceras globosum (Munster) 
Gen. Nov. aff. Dimeroceras sp. nov. 

Gen. Nov. aff. Dimeroceras sp. nov. 

Paratomoceras sp. nov. cf. lentiforme 
sensu Petersen 

?Gen. Nov. aff. Dimeroceras sp. 

§por. aff. biferum (Phillips) 
§.E. spo 

§E. aff. biferum (Phillips) 
§Eo biferum (Phillips) 

§Eo biferum (Phillips) 

§Eo biferum (Phillips) 

§Eo biferum (Phillips) 

§Eo biferum (Phillips) 

§E. biferum (Phillips) 
§E. biferum (Phillips) 



C1 

79/45 

44 

67a-b 

62 

66 

68 

61 

63 

64 

262 

262 

262 

70 

75 

74 

262 

277 

277 

262 

262 

267 

267 

267 

282 

10b2 2234 

10b1 2235 

10a1- 2236 
b 

9g5 2237 

9g4 2238 

9f1 2239 

9f2 2240 

9g3 2241 

10f 2242 

14b10 2243 

2244 

2245 

2246 

45 

45 

45 

45 

42 

42 

40 

32/3 

32/3 

2247 

2248 

2249 

2250 

2251 

2252 

2253 

2254 

2255 

32/3 2256 

30-50 2257 

10-50 2258 

10-50 2259a-e 

14a4 2260 

32/3 2261 

loose 2262" 

loose 2263 

32/3 2264 

32/3 2265 

1-10 2266 

1-10 2267 

1-10 2268 

32/3 2269 

518 

§.E. deseendens .Sebmidt 

Sporadoeeras aperture 

§.E. biferum (Phillips) 

§.E. biferum (Phillips) 

§.E. (§.E.) biferum (Phillips) 

§.E. biferum (Phillips) 

§.E. biferum (Phillips) 

Beil, above Trench E 

elymeniid ? (note apparent dorsal siphunele) 

?Cheiloeeras 

ef. Paradimeroeeras 

Pseudoelymenia dillensis (Drevermann) 

?Cheiloeeras 

eheiloeeratid 

Sporadoeeras sp. 

Sporadoeeras posthumum Wedekind 

part of 2247 

Sporadoeeras muensteri (Bueh) 

§poradoeeras inflexum Wedekind 

ef. Gen. Nov. ~ 

cf. Gen. Nov. D or £yrtoelymenia 

Gen. Nov. ~ 

§PQradoeeras .muensteri (Bueh) 

?Protornoeeras 

Sporadoeeras inflexum Wedekind 

§poradoeeras posthumum Wedekind 

Sporadoeeras muensteri (Buch) 

Cheiloceras ef. eireumflexum (Sandberger 

and Sandberger) 

Sporadoeeras muensteri (Bueh) 

Sporadoeeras muensteri (Bueh) 

ef. Gen. Nov. ~ stuekenberg.! ( Tokarenko ) 

§poradoeeras muensteri (Bueh) 

Sporadoeeras ef. muensteri (Bueh) 

Sporadoeeras sp. 

Prionoeeras freehi (Wedekind) 

Prionoeeras SPa 

§poradoeeras SPa 



282 

44 

47 ' 

48 

57 

45 

353 

272 

42 

32/3 2270 

2271 

2272 

2273 

2 

6 

6 

9 

2 

1-10 

1-10 

1-10 

1-10 

1-10 

1-10 

1-10 

1-10 

annulata 
Zone 

25 

2274 

2275 

2276a,b 

2277 

2278 

2279 

2280 

2281 

2282 

2283 

2284 

2285 

2286 

2287 

2288 

2289 

2290 

2291 

2292 

2293 

2294 

2295 

2296 

2297 

2298 

2299 

§poradoceras SPa 

Sporadoceras muensteri (Buch) 

Sporadoceras Spa 

Sporadoceras muensteri (Buch) 

Prionoceras frechi (Wedekind) 

§poradoceras posthurnum Wedekind 

Plat. (Plat.) quenstedti Wedekind 

.. !!.ill. (~.) quenstedti Wedekind 

2Poradoceras posthumum Wedekind 

Prionoceras SPa 

~. (Plat.) quenstedti Wedekind 

2Poradoceras SPa 

§poradoceras SPa 

Plat. (Plat.) cf. senilis Lange 

cf. Plat. (Plat.) quenstedti Wedekind 

Plat. (Plat.) richteri Wedekind 

~. (~.) quenstedti Wedekind 

Plat. (Plat.) indet. 

~. (Plat.) SPa 

Plat. (Plat.) richteri Wedekind, borings 

in body chamber shell. 

Plat. (Plat.) spo 

?Platyclymenia 

~. (Plat.) SPa 

Plat. (~.) intracostata (Frech) 

~. (Plat.) ruedemanni Wedekind 

Plat. (~.) richteri Wedekind 

~. (Plat.) richteri Wedekind 

~. (Plat.) ruedernanni Wedekind 

Sporadoceras Spa and Gen. Nov. R 
stuckenbergi (Tokarenko) 

~. (~.) SPa 

2300 §poradoceras SPa 

2301 2Poradoceras SPa 

2302 

2303 

Al-10 2304 

1b 2305 

1b 2306 

... 

Paratornoceras lentiforme (Sandberger) 

?Protornoceras sp. 

Plat. (~.) ruedemanni Wedekind 

Prionoceras divisum (MUnster) 

Prionoceras divisum (Munster) 



1b 

1b 

352 Cl.Y!!lenia 
Stufe 

1982 

2307

1 
2308 

2309 

2310 1. 2311 

2312 

2313 

2314-5 

2363 

Prionoceras frechi (Wedekind) 

Pl.ato (Trig.) ,§pinosa (Munster) 

Kosmo. cf. col.ubrina (Lange) 

Kosmo. (Group II) sp. 

(see Reigern) 

HOvel. 

indet. 

2364 orthocone 

2365 ~. cf. val.ida sensu Drevermann 

2366 Pl.aty£!~enia sp. 

2367 Pl.atycl.ymenia sp. 

2368 Posttornoceras spo (note spiral. ornament) 

2369 indet. 

2370 Pl.atYCl.ymenia sp. 

2371 ?Pl.at. (Trigonocl.ymenia) spo 

2372 Plat. sp. 



Appendix 2 

Samples Locality Reference 

79/2,23-29 Ainkhausen See Textfig. 7.8 

79/42,44,45 Beil 7.9 

79/61-86 Oese 7.19 

79/102 Beil 7.9 

112,120,123 Effenberg 7.14 

117,122,124-30 Bilsteinhohle 7.5d 

140-3 Oberrodinghausen 

167,172 ' Mussenberg 

262,272,277,282 Beil 7.9 

288-388 (xx3 & Geuser 

xx8 only) 

352,353,367 Beil 7.9 

Hovel 

Hovel Sections A and D Textfig. 7.16a 

332 

056 

061 

071 

076 

081 

086 

091 

101 

121 

Hovel Section B Textfig. 7.16b 

Beds· 

141 

146 8b 

151 

156 4 

161 5b 

166 6 

171 8b 



522 

Sample Beds 

176 6 

181 5b 

186 5a 

191 6 

Hovel Section C Textfig. 7.16b 

Sample Beds Sample Beds 

201 1 342 6c 

206 1 347 3 

211 6 352 See Beil 

216 5 353 See Beil 

221 1 361 8aa5 

226 4/5 366 8a.1 

231 6c 367 See Bei1 

236 6a 371 . 8a.1 

246 5 401 8-10 

261 5 421 8-10 

262 See Beil 431 8a.4 

271 4/5 446 8a.8 

272,277,281 See Beil 451 8-10 

306 8 456 8a.1 

311 8a.3 461 8a.6 

316 8a.2 466 9.4 

321 8a.4 471 8-10 
326 ? 7 506 3 
331 6 516 8a.1 

332 Section A, above 521 6 

337 5 526 3 
341 ? 7 531 6a 



Chapter 8 

A short biography of Count Munster, including a list of his 

publications dealing with Famennian ammonoids 



This study revolves around the collections of Count MUnster 

(frontispiece) and it would seem useful to give some biographical 

details and to list some of his publications. He was born on 

17 February 1776 at Langelage in Westphalia (Weiss 1937). His' 

working life was spent in the Prussian Civil Service, including a 

long period in Bayreuth, which resulted in his interest in Famennian 

ammonoids, collected in nearby Oberfranken. 

Munster travelled throughout Europe and developed a wide 

interest in palaeontology. He was responsible for early dis-

coveries from the Lithographic Limestones at SOlenhofen, and for 

recognising the Trassic age of the St. Cassian Beds of the south 

Tirol. The majority of his work, however, was done in Franconia. 

From the Obermain district alone he described nearly 900 species. 

He cooperated with Goldfuss in producing the Petrefacta Germaniae 

(1826-44) a work which ranks with Sowerby's Mineral Conchology and 

d'Orbigny's paleontologie Franyaise, which were being published 

around the same time. 

In 1840 he received a pension and spent the last four years of 

his life writing and editing his own journal Beitrage ~ Petra

faktenk~nde, of 'which six volumes appeared before his death. A 

significant part of these issues deals with'faunas of Silurian to 

Carboniferous age extracted from limestones. brought to St. George's 

Prison near Hof for crushing and burning. These came from SChubel-

hammer, Elbersreuth, Horwagen and Gattendorf. 

Munster's contributions to the study of Famennian ammonoids 

began in '1831 in two lectures read to the Geological Society of 

France, describing the distribution of ammonoids (1831a) and 

nautiloids (1831b) in Germany. Full detailS of the Famennian . 

ammonoids were given in Die Planuliten und Goniatiten im Ueber

gangskalk des Fichtelgebirges (1832) in which 34 new species were 



introduced. In 1834 (1834b) this work was translated into French, 

with a supplemental description of two new species. The name 

~lymenia was also introduced at this time, although the intention 

to do this had been announced sometime earlier (1834a). All of 

Munster's subsequent publications on Famennian ammonoids are to be 
, 

found in the Beitrage ~ Petrefaktenkunde. These comprise many 

relatively short articles, which, for brevity, are usually referred 

to by the volume number in which they appear, rather than individ-

ually. They are all listed below. 

During his life MUnster amassed a vast cOllection of fossils. 

At his death this became dispersed, going to Erlangen and Bayreuth, 

but the bulk of it was purchased for 60 000 Marks by the State of 

Bavaria, and removed to Munich. Unfortunately a part of this 

cOllection (although not the primary types) was destroyed at the 

close of the last war. Specimens from Erlangen have been used in 

this study, and the Famennian ammonoids from the cOllection. at 

Bayreuth have now been transferred to Munich. Material was sent 

by Munster to von Buch (von Buch 1832) and some of this is now in 

the Museum fur Naturkunde, Berlin. 

Munster formed a duplicate cOllection at a time when he hoped 

to sell his main collection to the King of Bavaria. This sale 

fell through. Sedgwick and Murchison visited MUnster in the 

summer of 1839 and they persuaded him to sell this duplicate 

cOllection for the sum of £500 (Clark and Hughes 1890). Over 

22 000 specimens wer~ acquired, and they formed the basis of the 

Woodwardian/Sedgwick Museum in the university of Cambridge. A 

catalogue in the Count.'s own handwriting was provided with the 

COllection, and the section dealing with Famennian ammonoids is 

reproduced in Textfig. 8.1. Examples of handwritten labels 

accompanying each fossil are illustrated in Textfig. 8.2. This 
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. unster s handwr~tten ca ta l ogue accompanying hi s colle c t i on in 
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cOllection of Famennian ammonoids had lain largely unstudied and 

uncatalogued to the present day, and has proved useful in providing 

neotypes for species whose primary material has been lost. 

Some specimens appear to have found their waY,from Cambridge 

to the British Museum (Natural History), where they can be identi

fied by their distinctive labels, although no record of their 

provenance exists in the earliest catalogue which lists them. 

J. F. Lee's Collection, transferred to the British Museum (NH) 

from the Geological Survey in 1911, contains some Famennian 

ammonoids which were given to him by MUnster. 



1832 

1833 

, 

Munster's publications dealing with Famennian ammonoids 

Uber die Planuliten und Goniatiten im Uebergangs-kalk 

des Fichtelgebirge. 38pp., 6pls., Bayreuth. 
, . 

Verzeichnis der Versteinerungen welche in der Kreis-

Naturalien-Sammlung ~ Bayreuth vorhanden sind. Bayreuth. 

(Pages 108-114 list the ammonoids occurring in the Count's 

collection, briefly stating how many specimens of each 

species there were. This catalogue has proved useful 

in determining the size of type series, although there are 

some inconsistencies). 
1834a Mi ttheilung an Professor Brown. Neues Jahrbuch fur 

Mineralogie, Geologie und Petrefaktenkunde, 42-43. 

(This letter, dated 1 December 1833, notifies MUnster's 

intention to replace the name Planulites by Clymenia.) 

1834b Memoire sur les Clymenes et les Goniatites du Calcaire 

de transition du Fichtelgebirge., Ann. des Sciences 

naturelles 2ieme Serie, Zool. 1, 65-99, pls. 1-6. 

1839 

1839 

1839 

1840 

1842 

1843 

(A translation of Munster 1832, with two species newly 

descr ibed. ) 

Nachtrag zu den Clymenien des Fichtelgebirge, Beitrage 

~ Petrefaktenkunde 1, 6-16, 122, plS. II, XVI. 

(17 new species introduced.) 

Nachtrag zu den Goniatiten des Fichtelgebirge, B.~.P. 1, 
17-31, pls. III, XVII, XVIII. 

Seltene Arten Clymenia Cyrtoceras und Orthocera aus dem 

Uebergangskalk, B.~.E. 1, 31-40. 

Die Versteinerungen des Uebergangskalkes mit Clymenien 

and Orthoceratiten von Oberfranken, B.~.P. 3, 33-121. 

(Part H Cephalopoda deals with clymeniids (91-4), and 

goniatites (105-111), which are illustrated in plate 

XVI. 5 species of clymeniid and 5 goniatites introduced.) 

Nachtrag zu den Versteinerungen des Uebergangskalkes mit 

Clymenien von Oberfranken, ~.~.E. 5, 112-128. 

(Part V (122-128) deals with.Cephalopods, illustrated in 

pls. XI and XII. Five clymeniid species introduced). 
Ueber die Clymenien und Goniatiten im Uebergangskalk des 

Fichtelgebirges, B.~.P. 1 (2nd Edition), 1-30, pls. la-VIa. 

(MUnster 1832 reset, with some nomenclatural revision, 

and more heavily engraved plates with minor modifications.) 



1843 

1843 

1843 

Nachtrag zu den Clymenien des Fichtelgebirges, ~.~.P. 

1, (2nd Edition), 35-43, 127, pIs. II, XV, XVI. 

(See above.) 

Nachtrag zu den Goniatiten des Fichtelgebirges, B.~.P. 

1, (2nd Edition), 43-55, pIs. III, XVII, XVIII. 

(See above.) 

Seltene Arten Clymenia, Cyrtocera und Orthocera aus dem 

UebergangskaIk, ~.~.f. 1, (2nd Edition), 55-60. 

(See above.) 

Textfig. 8.2 Labels written by Munster, accompanying type 

specimens in the Munster Collection, BSP. 
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lig. '1, 

fig. 3. 

lig. 4. 
lig. :i. 

a bis J: 
a- d. 

a - ('. 

a- c. 

H. IJ. 

Plal\ulitcs lllclvigatlls. II, "Oil Schiilwlhalllltll:I" 

P J a II. p Y bill C II S. II. \ ' 011 ,lcl' GcigclI !lci n (Ie 
l)lall. all,:justiscptalns II. von Schiihdh'lIrllIICI'. 

Plall. cOlllprcssns • . n. \'Oll Schii.uclllamnICl'. 

Piau. illrtatus. n. \'011 ScIJiihc!hnlllll1c\,. 

Tall. n . . P I a It uri t ell mit spitzcn Lohcll. 
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tig. 2. n - c. r I a n. II II d u I at II s. 11. VOIl Schi.ih(~lhaJllmcl'. 

Jig. ;\. a. b. PIa n. I a (;" i s. ll. \'011 Sell iibclhanllllCI'. 

Jig, 4. a-G. Plan. illllCIJllislriatlls. II. VOll Schiihcl/WJlIIIIC1'. 

Jig. 5.· a-h. PI a'll. 1 inc a r i s n. \'on Schiihclhall1llJer. 

IIg. (i. a-c. Dcl' Stcinkel'll \,on Plan. ullllu1alus, Ja(!yis \lIullillclIrili. 

Iig-. 7. n - c. Plan. parv .. lus. n. VOll Elbcl'sl'cullt. 

'i'<lI). ItT. Plnlllliiten Bud GoniatitcJl. 

Fig, t. n _. ('. PI a II. s c l' pc III ill 11 s. n. vou SchiihdhaJIIIIHlr • 

. lj,~ , 2. a - c. Plan. sll'iallls, a) cOlilcl\atlls. II. IlcsgJcil'ilclI. 
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Plan. c) SCn1isll~ialllS. 11. ctJclldahcl'. 

Pl:JlI. d) planus. n. ucsglcichcn. 

Jib' I> . a - c. Gonialitcs hybl'idu s. n. vou HUl'lii;wlIgCII. 

lig , 7. a . -- c. G 011. s ilIca tns. II. VOII Schiihclhalllll\CI'. 

lig. ~. a .- ~; , COli, COli t i g 1111 S , II. ChCllU .. I.CI·, 

T'll>. IV. GOlli;,titcn mit cinfacllcn, l'pitzclI Lobell. 

Fig, L. a - d. C O li i (\ l i l C s 0 v n III s. II. von CaI.LeIJtJo..r~ 

lig, ~, " - c. Go 11. S u h 1:\ c vis. n. Yon' GallcJl(lorf. 
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. '. 

fig. :1 ... - c. Go n. Miins tcd.· Ouch. von Schiil>elluunmel': 

fig. 4. n - <.I: G ('HI 0 J.' b i ell Inri s, 11. \'011 Schiibclhnmmc\'. 

~J'ub. \,1.' GCluintitcll mit ~pit1.cn J.lobcn; 

Firt. t. b - Cr Go n. s p c c i 0 sus. n. \'on mbCr5l'CUlh unci Sdl~helluunuu:l' um die 

dio HiilO C ,'ol'klcinc:rt. 

fig. 2. n'- c. Gon. liuhtU'mnLlls. n~ "'01\ Schi.ihellu\lnnl~l··um dio Hiilne \·Cl'. 

kleinert. 

lig. ;).' Go n. m {1 xi l.n II S. 11. ,",on Schiihclluuiullor lUll clio BalAo \'Cl'klcinCl'l; 

lih. 4.:l - C. Go n. p 1:\11 n s. n. ,"on Sd,uhclhnmme\'. 

Jig. !i. n. h. Gon. binodosus. n. chcndahcl'. 

fig. Ii, 

lig. 7. 

GOll. nnuulntus. n. ,'on Rcgnilzlosnu. 

Go T1: S \l b no cl 0 s II s. n. vou Elbcl'sl'cuth; 
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Munster 1839 

® 123 ~ 

Tafel II. 
· 1. Cyrtocera Aigocel'os. IHtg. 33 u. 34. 
.2. a-c. Cyrtocera tentaculata. p.24. 
. 3. a - Co Clymcnill. ,binodosa. pag;.,n. q 
'. 4. Cyrtecera cincta. pag. 34. ' , 
,5. Cyrtocera costata. pag. M. 
'. 6. a-c. Clymenia bilobatn. pag'.11. 
, 7. n - c. Clymenia ornata. png. 122. 
, 8. a-c. Porcellia retrorsa. pug;. 38. 
· 9. a-c. Clymenia Otto. pag.31. 

Tafel III. 
· 1. Petraia decussata. , pag. 43. 
· 2. Petraia semistriata. pag. 43. 
· 3. Petraili'tel1uicostata. pag. 44. 
· 4. Pctraia radiata. pag. '42. 
· 5. Pctraia Kochii. pag. 4.f. 
,6. Cidal'ites Nerei. pag.40. 
,7. Goniatites planidorsatus. pag.21. 
'.8. GOlliatites ntratus. pag.37. 
'.9. GOlliatites Yerneuil1ii. pag'.17. 
'.10. Sigillaria SternbergH. pag.47. 

Tafel XVI. 
Fig. 1. Clymei'ia DlIllkcl·i. pan·. 15. o. 
Fig. 2. Clymenill semicostata. ~ pag. 13. , 
,Fig. 3. , Clymenja angulosa~ psg. 12. ' 

, ~ig . ..4: Clymenia plicllta. pag .. 8. 
,Fig. 5. ' Clymenia cincta. pag.9. 
Fig. G. Clymenill. paradoxa. pag. H . . 
FIg. 7. '~terocrinus Murchissoni: pa~ . .t ' 

" ' . 0 

Tafel xv-n. 
I 

Fig. 1. , Goniatites subbilobatus. pag. 21; 

Fig. 2. Gon~at~tes sul)ill~olutus. png. ·23. ·~ 
Fig. 3. GomatJtes Pre·slu. pag. 24. 
Fig. 4. Goniatites clymenineformis. pag.2:a 
Fig. 5. Ol,thoceratites calamiteus.' png'. 36 
FIg. 6. Cyrtocem ungulata. , paO'. ,35. 

, " , , ' , .0 , 

, ' Tafel XVIII. 
Fig. 1. G~nintites cal'inat~s. pag .. . 25. ' , 
Fig.2. Lohell VOIl Gonintites I:analifer. p:21h' 
Fig. 3. Lol)en von Gonintites Romeri. 'P.27 
Fig. 4. Lohen von Goniat. arqllnhls. p.2S. 
Fig. 5. Loben 'von Goniat. Bucklandii. p.2S 
l'ig" 6. Gonintites spec'iosns ' init den trici). 

terfOl'mig-en Velltral- Loben. p. ~ 
Fig.7. Loben VOIl GOlliat. intermedius. p.ao 
Fig.8. Lobell von Gonint. liH\Xi~IS. p: 30. 

Munster 1840 

Tafel XVI. 
FIg. 1. ncJ(~r0l'llOlI nt'lltIII> , pag. !HI. 

" 2. " Imhcnrillatlls , rn~l'. 90. 
l) 3. Clymcllia Sctlgwiddi, l/ag. U~ . 
" 4. " IlcxuOS:l, "ag. H2 .. 
,,5. " clorHocostata" l':lg. 93 . 
"G. ,. Idllulcntn, }I:lg. 9:,. 
" 7~ GoriiatiteH falcifcr, I'ai. t Oli. 
" 8. n. II. c. GonilltitclI Uu;,(!ri, flag-. 107. 
., 9. n. U. C. ,. Brllllllii, I'ag. lOS. 
" 10. n. II. c. " Jlulleri, pag,109. 
" 1 t. n. h. ~,acutuH, }Iag. 110. 
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® 130 @. 

T-.a f e 1 Xl. 

Fig. 1. Lunulacardium inaequicostatum. 
" ~. Pflsidollomill Cflstata. 

~ _ ,3 ... llositlolluwyn Inla. • . 

" 4. Avicula 1,lanieostnta. 
,,5. " quinqul!costllta. 
" 6 . Canliulll l,lnllieostnlum. 
,,7. " pnralloxullI. 
"S. " problelllllticum. 
" ,9. Avicula tenuistriata. 

" 10. " DIllIn, 
" . l~. Curdi~m uicholomum. 
" 12. Eu'olll[lhalus Cl1il'tiCllS 
" J :l , Melania lymnnearis. 
" 14. 'l'lIrritella teres. • 

" 15. CIYlllcnia spinosa. 
,; 16. " Rex'uosa, nlr. cos-

tabr. ' . 
" '7 ;, ' ffilcifern .. 
I: fl';. Goniatitc:> tril'nrlitus lineatus . 

T n f c I XII. 

Fig , I. ClymclliI\ nllllulata (alt) 

l ' 2. 
" 

uorsollotlosa 

" a. 
" 

iuterrul'tn. 

;, ,1, CI ylll~\lia suharlllala. 

: ~ .J . :1 brc\'ico"t"ta, 

Fig. 6. Clymenin acuticostata. 
" 7. Goniutite!l ' cinctus, . 

" . 8. " strintulus. 
" 9. Orthocerntites IJarauo~lIs. 
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Tar. Ill. - !.i:;. 
- Gi. 
- :;8. 
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- 86. 
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Richte r 1848 

O. SiIlU"{lIS. n. Gr. SI" ., Uj6) Kamrucrwand. S. 26. 
O. tr(/c"c(/il/ .~ . II. Gr. Slk. S. 26. 
O. Jil'o/alJS1I.·. 11. Gr. SIl.: . S. 27. . 
O .. W!JI)!JI·i(ol'lIIi.~ . ·c. l1liiust. 11. Gr. SIl.:. Linkc Scilc, (60) Rand dcs Scptums, d. RackeD, v. Daucbscllc. S, 
O. slIb(usi (ol'Jllis Il. lllii.7Isi., n. Gr. Stk. S. 27. . 
Li{lliirs (Cyrloc~I':JS) /Ilicralis, n Gr. Slk. vom nackcn, (G3) von untcn, (64-) Qucrdurchscbnitl. S. 27. 
j,. clli/lii(:II.\·, II. ('r. SIl.:. S. ~S. 
iYall{ilus (ClYlIIcllia) ])ol!Ji"iC/ws A. Riilll ., n. Gr. Slk. S. 28. 
C/!lmcllia (;(llIIjJllUu/llia, n. Gr. Stk. Protil, (68) von vorn, (G9) .var. (augltstcuplata v. 11/ansi.), Profit, C 
\'011 ,'orll, (71) KalOmcrwiindc. (72) Qucrdurchschnitt. S. 29. 
Ct. (;{)lIIll'l·CS.WI 1'. 1I1iillSl., n. Gr. 5tk., (74) Kamrucl'wand. S. 29. 
Ct. adl'/'1'sa, n. GI·. Slk., (76) Kw. S.29. 
Cl. uilo/mill, n. GI'. Stk., (78) Kw. S. 30. 
Ct. si/llwill, II. VI'. SII.:., (80) Kw. S. 30. 
el. lucl:is, II. Gr. 51:';., (82) h"lbc Kw: S. 30. 
Cl. ()/IC.W, n. Gr. 5lk., Profil, (8li) ,'on vorn, (84.) K.w. S 30: 
Ct. lJia1lorui(oTmis t'. Mii.lIst., n. Gr. Stk., (87) nauchscilc des letztcn Um~angs, (88) Kw. S. 30. 
CI. cTistata, n. Gr. SIl.:. (90) Querdurchschllitl, (92, 92) SLUcko zwcier Umg:inge von dcr Daucbs c 
(93) Kw. 5.:H. 

C/!/lIIcllia striata 1:. Jl1ii,lIS/. n. Gr. SLl.:. (95) ' Qucrdurchschllitt, (96) Kw., (97, 98) V:JrieLlitcn, (99) ) 
dcrscl bcn. S. 3 i . 

Tar. IV. Fig. -100 . (.·u"illlilt!.~ .w/I:rtllls 1'. JlliiJlst . n. Gr. ;)11.:. , CllH) ct e r~ (; lbc miL SchaINI I'c';; t, (-102 ) df' r". n: it ~l lI ri:l r a(, d , (-1.0 : 
.\1.I :lld,;II'''III1 ;;, (Ill'! ) G. slIll:. \' '1 1'. I,l il v crkiirzlc r ttlllllf' , (lO :j ) (;. XII/C. wit ~!llIl d\\,lIl" l , I'rotil, ( lO G) VOIl ',,'or 
(101) \'ar., ( '10:)) Var., I!.! u. Gr. (109) Var., n. Gr. (HO, 1H) Jlinllcll, (H '.:!) I\w. :-i . J~ . 

11 :1. G. -'jl//lII'N,id,'s, 11 . (;1' . 51k., (i ·1.\.) :I!lIl1d iifl'llllll g , CI '\ Ii) !\.w. S. J .'" 
·I1G . (:.lIl1d .. /lllldi I.' . lJJiiu .\·{. , Il . C'r.Sl.k., (1 ,17) Dors:dlol)tts, (11S)Qllcl'durcll~chnilL , 11 . .l n.tir., (-Ii !) unlcr.:s.!'i [iic 

dcssclbcll, II. (Jr. S. 3.\.. 
120. G. 11'1111111/1.1', II. (Jr. Stl.:. S. 3Ij. 

T~r. V. ·\2 ·\ : (; . . w{J1Cl'1J1I1II1$ C. 11/i;.1Is{. n. Gr. Slk. Wohnl.:ammcrSLiick, CI22) Kammcrs tiick, (i :! 3) Seplum : (1 2 ~) QUCI 
durchschllitL. S. 3;). 

12!;. (J. a]leI'II/S, ·Il. lir. QlIcnllll'ch .:;chnitt, (126) Kw. S . 36. 
1 '27. G. /1:ulic/l/II1·i.l', II. Gr. Stk., inncl'cr Ulll~all g, (i 28) Kw. S. 36. 

- 1 :19 . (l . .l'p/wm·int.l' Jlfm·t. K:Jlllmcrwanu . S. 37. 
·\30. Pihollls tlc:.cll'r, n. Gr. SLl.: \'om Wirbcl, (13-1) "on de l' SciLc. 5.37 . 

'-- -\ :1'3. EU()lIIl'hallls ,H'T]mloicies, n. Gr. von IInLen. S. ::17 . 
1,i:!. Vgl. S. 37. 
1 :,lh.. PL'lraiu RC.'1,t/IIS, n. Gr. von der SeiLe. (i 35) von vorn, n 3G) Durchschnitt. S, 38, 
1 :17. ? Sa1lglli1lo/al'ill slticllla Gold! n . Gr. l'echte Sclialc, ( ·138) vom nackcn. S. 38. 
139. ? S. (I/! (IIt((li.~, vgr., rcchLe Schale. S. 4 .. \·. 
1.tO. ? em'dlllill (,,'oltl/iu.I'l((//./I rl/! J(on., \'~r. linkc Schalc, (i .} .j) vom lliicken. S. H . 
14·'2. ? Cm'c/i1lio, II . GI'., I'cchtc Sch:de, (~4. 3) vom niicl.:cn. ::i. :HJ. 
1 H . Vmmli.Lcs (:o1lcr.lIll'i.r.lts C. Nom.; n. GI'. rccllte 5eiLe, (i .t5) vom nilckcn. S. 39. 
1 .\ G. ? LU/:hm '·",'10.HI Cold! n. Gr., (1 4. 7) Sch:llcnsLuck. S . .t 1-. 
i ~. S. 1'1,'Ili/7Is P.wlllmilis, n. Gr. linke Schalc. S. 39 . . 
H!l. Ari/:/t[o l(!piolll$, vgr. rcehle SchOlle, (i 50) vom Itliekcn . S. H . 
i G 1. ~ PI)siilonia B cdtc'l'i Broun, n. Gr., (i 52) Strcirun g. S. ~· 3. 
f 53. 'J'cr/!{J)'llill/((', n. Gr. Stl.: . VellLrnlseiLc, 1 li4.. Dors al,;c iLc; Hi5. Vom Schlofs aus. S. 40, 
i li6. ']'cTcuralula, n. Gr. Sll.:. Dorslllscile, 157 vom SchloCs aus . . S . . W . 
i 58. 'J'l:.l·cbl·atlLla, n. Gr. Stk. Dorsalscite, 159 Liingenprolll, 160 Qucrp"ofil vom Schlofs , 161 Qucrprofil yon d, 

Stirn aus. S. ~· O . 

i 62. G,!;lI{/IOCl'LlIItS l)i.71nallts Gold! aus dcm Kalke von s. n. Gr. StielsLiick mit Oberhllul, (1 ti3, 164) dcrs l. cliir 
nerc, (1 (jij) \'CrwjLLertcs Silulensliick, (\ 66, 167) Liing,; clllrchschniLte \'on S;iulenstlicl.:en, (4 G8) Qucfllurcl 

' schllill cillcs von l\:JIl.:spaLh ~usGefi~l!tcn SlielsLacl.:s, (,169, nO) Gelcnl.:ll:ichcn, (17 '\ - 173). DcrSI. aus cle 
P/allenu'l'1tcltc. S. 4 O. 

Tar. Vr. - i H . C. lJ1:7t1l(1ilts G. ~us dem Schiefer "on i. n. Gr. Sllulcnstiick mit erhlllLcner OberhnuL, (-17li- i 77. Sau\ensliiel 
in verschiedcncn Stadicn der Verwillerun~, (i 78) UingsdurchschoitL. (i 79 - ~ 83) GelcDkll iichcn . S. 4 ti. 

1 SL Vgl. S. 4.1. . 
f 85-204·. Ygl. den I. Alilmug. S. 42, 43. 

- 20:';. AdilloCri.lIU$, n. Gr. Kelch von ulltcn, 20G. Kcleh \'on dcr Seite, 207. Kclchtafcln verk!., 208. S:iulcns tuc 
209. GclenkO iichc. S. ~6. 

~1 O. Dcllk!Jl'is, "sr. S. 45 . 
'2 1 i . Po.~ido 'IIOlll'!J(1, vgr. S. I,.J. 
2,12 u. 213. VBI. den 1/. AnAartg. S. 46 . 
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1. Goniat iLLs cr ni s t ria, Phill. 3. Goniatites ter bratus, Sandb. 

2. ?r..iins t eri , v. Buch. 4. amblylobus ide 

5. Goniatites mamill ifer, Schmidt 



.~ / .. , 
\ ' I 

I! 

.~ 

:( 
.' . ..- ...... ... 

v 

I \ ,' 
" ' 

\ 

l~ 

1: 

I 2 

. 4 ~ 

3! ." 
~ 

~.-

" 

,---.... 

( \ . 
( 

I 1 I I 
\ J 

.J ...... 

/ 

4e 

,~ 

~i 

,c 
~ . 

'r . r) (,"\ ,1""'\ f'\ 
V "'/ ' 

1. . 

. , 

--WlCsb;ultn, Verlag yC WKreliltl 

I iiomonfts ':lC.~ ... stria . TWi 
. - J:w!..Stm . :. RucJ: 

J (}/lTli.a..Ut.c.s --Ill" , :, .~ .. ,. .S,,''',d/ 
r'1 (W/,II,je-r 

f (I r (' ~ "I , 

(j('TU1lraes :er,((' cl.t/.;. 5";J,db 

,u7ih:pidn ... 

l' 

(I 

~f 

. 1 

5' 

J t'. f:I. 1 tr 
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1. Goniatites acuto-lateralis, Sandb. 3. Goniatites forcipifer, Sandb. 

2. sublamellosus, ide 4. carinatus, Beyr. 



Sandberger and Sandberger 1850 Taf.VIII 

L 
1. G. 
V rn. 

•• 
. ,; 

u' 

. , 

I' 

.... / 
larnellosus, Sandb. 2. G. tuberculoso-costatus, D'Arch et D 

1 I~ 

3. G. clavilobus, Sandb. 4. G. larned, ide V r. rugosus. 
5. G. larned, Sandb. Yare cornplanatus. 6. G. Yare cordatus. 7. G. 
Var. tripartitus. 8. G. Yare latidorsalis. 9. G. Yare c lculiforrnis 
(Beyr.) . 10. G. aequabilis, Beyr. 11. G. bidens, Sandb. 

l 
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1. Goniatites carinatus , Beyr. 5. Goniatites 

2. 
3. 
4. 

tridens , Sandb. 
Planorbis, ide 
bifer, Phill. 

6. 
7. 
8 . 

Taf . IX 

d 

~ 
J! 3~ 

s! • '! 

s. 

C 

6" 

tJu"t;'f\.J I t(~"\, 

sf 

bifer, Phill. Yare 
Delphinus, Sandb. 
mixolobus, Phill. 
bilanc olatus, Sandb. 
serratus , St in. 
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urnbilicatus 
curvispina 
oxyacantha 
angulatus 
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Goniatites retrorsus, v. Buch 

5. biarcuatus 
6,7. planilobus 

8. arnblylobus 
9. circumflexus 

l ingua 22. 

10.acutis 
11,12,13. auris 
14,15,16. r e trorsus 
17,18,19. undul atus 

sacculus 
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A 101h 11th. 
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Goniatites retrorsus, v. Buch 

1 ,2. acutus 
3-6 ,10,11 . retrorsus typus 

7. undulatus 
9. circurnflexus 

8,12-19. 
20,23,24. 

auris 
arnblylobus 
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Sandb erger 1853b 

Zt5 

T.f. VII. 

Fig. I. ClymenfR IUYigllla von Warslein . 

I R. Ein Sluck rlenelhen mil den venln"en Siphonillohen; 
th, le, Id . Ureierlei An.ichlcn ciner einzelnen Kammer; 
teo Sulur, Yom Bluch hi. in die Ruekenlinie; 
I r. Sulur, YOm ROeken hi, in I!ie Bluchgren,e. 

2. (;1 . pseudogonillile.. Knkeberg. 
3. Uelgl. 3a . Qucnchnill . 

4. De.gl . 41. An.icbl von Yorn. 
'lb. SUlur, elwu .bgerieben. 

5. CI. Iriclina. Enktberg. 
fl. . Von vorn. 5b . Vom Rucken IUS . 

6. (:1. p.cudogonietile., gant mil Schlie hedeckl . 
7. Ein Sloir.k Yon einem SchWf IIuf rlie Wintlung.ehene, welcher 

die Siphonllidulen der.elbcn Arl un,l ZWAr der .Iuk ref,helea 

VarielAI (von 'fAf. VIII. J<' ig. 6) ,eigl. 
8. CI •• Irill., Sieinkern AU' einem Kllkknaurr de. Cypridinea_ 

.chiofer. \'on Sulfell!. I der nlltlrl. GrOne . 

9. CJ. p.eudogoni.~ilu, Iheils Sieinkrrn mil Loben, Iheil. mil 
slRrk Ibgeriebenen SchllenpArlhieen. 

10. niuelbe Arl mil wohlerhaltenr.r Schele ond lur \lAlne mil 
dem Abdrock derlclben. 

Tar. VIII. 

Fig . I. Clymenia undnlill U GrOue) ,on Eberldorf. 
I R. Qner.chnill. 

lb. Sulur. 

2. CI. .Iriall ebend.her. 

2. . QueflchniU. 

2h. SUlur. 
J . CI com pre ... (V.r. Ingo.ti.eplltl) yonl Eakeber,. 

3. . Sulur. 
4 . CI. p.eadogoniltile. ehendRher. 

411 Ein Sluck Sleinkcrn de .. elhen, yom Ri.cken re.chea, mil 

I>orullobcn, welche si ch aher unlen vOllig .chliellen 

lolllen . Nichl glnl correel geleichoel . S. oben Teal. 

~lU 

4b. Ronubchlcbl, .Ilrk ycrgTOllerl 

4c. Unverlehle 10llerliche Solar. 
U. Dor.llge:ead der.elben bei einem elwu Ibgeriebeaen 

Elemplare. 

Fig. 5. Clrmeni, binodoJl yom Enkeberlf · 
~. . SchlifT I!urch den Miuelpuokt lur die QueuchniUebene. 

~b. Eine Kammer. yom Rucken gueheD , nebel einem Sluck 

yon deren Qaeracheidowud . 
6 . Stlrkf.ltigu Sch.len.liiek yon Clymenil p.eudogonillile., ,oa 

der Seile (caeheD. 
6 a. 7. Rllckeo!;e!;ead deuelbeD EJemplare •• 
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Goniatites retrorsus, v. Buch 

1-6,8,14,15,18,19,23,25. arnblylobus 
7,20,22. sacculus 11,12,13. urnbilicatus 26. circurnflexus 

16,17. biarcuatus 9,10,24,28. curvispina 27. planilobus 



Gumbel 1863 
Tar. XV. Fig. 1. Clymenin. llngustiscptllta ?I'IUnst' l 

MUnstCl"s Original. 

" 

" 

" 

1 &. Seitcnnnsicht. 
1 ". Stirnnnsicht. 
I" Qucrsclmitt. 
lei. Suturel!. 
2. DicsellJc, MUnster's Original del' 

Clymenin. plienta. 
2&-~" Wie obell. 
3. DieliclLe, Miinstcl"S Original del' 

Clymenin. lata. 
S'-i.V· Wic ohell. 
4. Diel.lellJc, )Iiinster's Ol'iginnl <lel' 

Clym('nia cillcta. 
·1"-·1'" \Vic l.Ihell. 

Tar. XV. Fig .. 7"-7'" Wic oucn. 
" 8. DicsdIJc, MUnster's Original del' 

Clymellia fnlcifcl·n. 
SO-8'" Wie obell. 

" O. Dieselue, MUnstcr's Ol'iginnl dOl' 
CI. costulata. 

9°-0'" 'Vic obon. 
" 10. DiesollJe, ~fUnster's Original dol' 

Cl. subfloxuosa. 
10°' 10'" 'Vie obell. 
10·' Oberfiiichenstl'eifung, doppelte 

Grosse. 
" 11. Clymcnia annulata. MUnst.., Ori-

110.1 des Goniatites annulo.tus. I. 
Deitr. 2. Aufl. t. 6". f. 6. 

IP' Nntlidiche Grosse. 
11 II. Vel'gl·Ussort. 
11" Sutut·. 
114• Quel'schnitt. 
11·' Obel'fiiichenzeichnung I ver

gl'osscrt. 
" 12. Diesclbe, Original del' Geinit.z. 

Cl. DUllkod, t. O. f. 4. 
12°' Scitonnnsicht. 
12'" Stil'l\:msicht. 
12" Sutll1'. 

" 13. DicscllJe, Original del' Gcinitz'
schon Cl. Duukol'i, t. 9. f. 5. 

13'-13<' 'Vic obell. 
TaC. XVI. Fig. 1. Clymonia spinosa ~IUnst., l\Iiin

IItor's Original. 

" 

" 

" 

1°-1" 'Vio ohon: 
1'" Ohol'tliit·hcll7.cichllllng, '"01'

gl·(j:;scl't. 
2. Di('l;cllJo ill eillem yon Brnlln 

in Bayreuth als CI. pcnnicellnta 
mitgcthciltcll Exomplar. 

2"-2'" "'io obcll. 
:1. CIYlIll'lIin DUllkel'i l\Iiinst., !lfnn

slm'l'\ Orir;ill:ll. 
a"-i}'" \viu ubl'lI. 

t1. Dil'selllc, l'.\\'oites Exompl:u' \'011 

(; t'll,,<'I'. 
.j,ft. -l'" \Vio obcn. 

'rar. XV. Fig. 5. Dicsclbc, Quorschnitt zu MUn
stor's Odginnl dor ClYlllcnin in
flntn, hnllJc Grosso. 

" 6. Dioselbe, in del' Form ,"on MUn
ster's CIYlllcuil\ subuodosa. 

GO-u'" Wic OUOIl. 

G'" Scltnlcl1obel'fl1teho, <1oppelte 
GI'U$SO. 

Go' Runzclschicht und Kicl. dop
pelte Ch·ossc. 

Gr. StUck cincs zwoitol1 Exolllplar$. 
0" OLcl'lliiehcnstl'eit'ung, doppelto 

.Ol·o::lse. 
n 7. CIYllIcllin flexuosn, MiinstCl"s 

O\·iginnl. 
Tar. XVI. Fig. 4<'·S(!I!:t1clIsl.l·cifnng, yor~l'olJllcrt. 

Tar. XVII. 

" U. ClYlllcllin Illcviglltn. MUnet., MUD-

" 

" 

" 

slcr':i Ol'igi.l1o.l. . 
5" 5'" W iu allen. 
50. Sutur mit Sil'ltonal·Lobul!. 
5~' Qucl'schnitt. 
50. viII llruchsliick (lor MUn8tcr'

schen "ar. 8cmicingulatl!-' 
5" ObcrtuichcnzcichDung der letz

tOl'en, VOl'gl·os8crt. 
5r• oino I{allllllcr mit Siphonal-Duto. 
6. Dicselbo, MUnster's Original del' 

val'. sOllliplicata. 
Ga. Soitenan8icht. . 

Gb
• Liingcndul'chsehnitt, die Sipbo

nul-Duten zoigend. 
7. Dieselbe, MUnster's Original dol' 

val'. elli,Pticll •. 
7a. Soitcnansicbt. 
7b

• Quet·sclmitt. 
70

• SUtltf. 
8. Dicselbo, Ynr. nana. 
Sa. Sciteuansicht. 
8b

• SutUl·. 

S" Eill StUck mit del' Uunzclschichte. 
" n. Dioselbe, in der vnr. cingulata. 

9" Soitcnansicbt. 
gb. Stil'llnnsicht. 
g', Sutur. 

gd, Obodlitchcn1.oichll., vorgl'ossort. 
Fig. 1. CIYlllenia ull(lulnta MUust., 

1\1 illll!tCl" tI Original. 
.1·'-1'" Wio oboll. 
1 r. Knllllllcl'stilck mit cICI' SipllfHlnl

DlItc. 
1 t. Dcsgl,'tnit dcmSiphonul-LoLus. 
1 K· Ein nngeschlill'ellos Excmplar 

III i t dell I\: IIl11ll1c\'willldcn. 
I'" Allsicltt ell'I' Exh'\'u-Suito mit 

!lI'I' Itllmwl/jl~l,icllt, 

I" Exh'I'II-I,'liic!lo mit dcm Kicl 
IlL-\' HIIIlj',t'l:;l·ltid,t. 

p. HUllzcltlchi<,'ht uml Kial, ver
gl·ussel·t. 

i; 



Gumbel 1863 

Tar. XVII. Fig. 2. Dieselbe, MUnsters Origiual 
licr CI. sublllcvili. 

2"' 210
• Vilie obcn. 

2°' Obcl'flilchcnzciclmung, ver
grosscrt. 

" 3. Dicselbe, ~tunsters Original 
der Cl. linearis. 

3" 3b
• Wie oben. 

" 4. Dicselbe, MUnster's Original 
der CI. inaequistriata. 

4" 4b
• Seitcnansicht und Sutllr. 

" 5. Dicsclbe, MUnster's Original 
der 01. silllms. 

. 0" ScitellllDsicht. 
5'" OberfliLchenzcichnung, ,'er

grossert. 
5" Sutur. 

" 6. Dieselbe, MUnster's Original 
der C1. semistriata. 

" 
7. Dieselbe, MUnster's Original 

del' CI. l>ygmaea. 
7'" 7b

• Seiten- und Stil'nansicht. 
7" Sutur. 

" S. Dieselbe, MUnster's Original 
der 01. tenuistriata. 

8"_So
• \-Vie oben. 

Sd. OberfHichenzeichnung, ver
grossert. 

" 9. Dieselbe, MUnster's Original 
der 01. sel'pentina. 

9"-9" Wie oben. 
Tar. XVIII. Fig. 1. Olymenia striata ~1llnst., typi

sche Form. 
1"-1" Wie oben. 

" 2. Dicselbc, MUnster's var. cos
tellata. 

2&0 2b
• 'Vic oben. 

" 3. Diesclbe, MUnster's var. plana. 
S" ab

• Seitcnnnsicht und Sutur. 
" 4. Dieselbc, MUnstel"s Original 

der CJ. dOl'socostatn. 
4"-4" Wic OhCll. 

4·' Oberflllehonzeichnung. 

I TnC. xvrn. Fig. 5. Dicselbc 1 typischo FOl'm mit 
ticfCII Einschnlil'ungen am 
SteinkerD. 

" 

" 

5"' Vb. Wic obell. 
O. DicsclLc, 1Hiiu~tcr'8 var. COIll

pressa.' 
G"-GO. Wie obell. 
7. Diesclbc, MUnster's var. um

bilicntn. 
7"_7d, "Tic oben. 

" S. Dicselbe, cin I·'rngment mit 
RIlI1~cllSct.icht uml Kicl. 

» U. DiclSclLc, Val'. orllutu., MUn
ster's OJ'iginnl der C1. ornata . 

9-_901
• 'Vic oben. 

9"' Die ObCl'fliichenverzierung, 
stark YCrgl·osscrt. 

" 10. DieBelbe, val'. omntll., ein zwei
teB Exemplar mit nbwcichen
del' Rippenbilclung. 

10·-lOc
• \Vic ohen. 

" 11. Clymenil1. annuln. MUust., MUn
ster's Original Zll seiner Cl. 
binodosa, yar. nodosl1.. 

1P-lld
• Wic oben. 

n 12. Clymenia unduhttn l\Hinst., 
MUnster's 01. bisulcattl. 

12"_12d
• \Vic obell. 

Tar. XIX. Fig. 1. Clymcnin binodosn MUnst., MUn
ster's Ol'iginnl. 

1"-1 d. "Vic 0 beD. 
1t

• Die Siphonal-Dlltcn in cineOl 
Durchsclmitto. 

" 2. CIYOIcnil\ nugulosa MUnst., Mun
ter's Original. 

" 

" 

2"-2<' Wie' obell. 
2~' Querschllitt. 
2t

• Sil'hol1t1I-IWhre im Dlll'chsch. 
3. Dieselbe, MUnster's Original del' 

Cl. semicostntn. 
a"-3°' Wie oben. 
4. Clymcniu. bilobntn l\!Unst., MUn

ster's Original. 
4"_4" 'Vic ouen. 
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Tnt: XIX, Fi~, ;i, Di('I'!I'lbe, (lin klcinclS gX('1I1plal', 
fj'- ii'" \ ric ulJcn, 

!' Ii, CI,\'III('nin ~I'ccio~n ~Iiilllil, I'\,cc" 
ty I'i~l'ltc }<'o 1'1 n, 

Ii' - (i'" 'Vic lIhl'lI, Ilic SHtm'clI hoi 
i wit dcm Siphollnl-LoLlls, 

G,I. (~lIel'l)chniU., 

" 7. Diel:iolLo, Miinstcr'l:I Original zu 
Gonilltitcl:i Pl'CHli, 

70 .-7<' \Vie ohcn, 
~. Dicl:iclbc, MihllitCl"S Ol'iginnl zu 

Gonintitcs Cottni. 
S"-S'" \Vic oben. 
8,1, ObcdHichensh·~if., vergrotil;cl't, 

Tnf, XX. Fig. 1. Clymcnin. spcciosn, Miinstol"s 
Ol'iginnl des Oonintites suben.
l'innt.lIs, 

" 

. 7' 

" 

I"' I'" 'Vic obcn. 
1·' Q.llcl'schllitt. 
1"-1 r. SutUl' in dcr zwciten, dl'ittcn 

und "icl'tcn Will<lung, 
2" 2'" Qucl'sehnitt nnd SutUl' dOl'

e;(llbclI Al,t ill 1"01'111 des Gouin
titcs c.l.rlll(lnint~fol'mill MUnst. 

00
• Sipllo1lnl-DuLen dol' Clymcnin 

spcdosn, bei x mit cinor beson
dei's gcfiil'bten Vel'<liciltllng, 

a'" Dicl>clbcll,nngesclilifi'cn, (hm 1'011· 
l'cufol'llligcn ZuSnllllllCUl.'chllll:iS 
i'\eigend, 

.1. DiclSelbo Art, MUnster'1; Ol'jgi' 
IInl zu GOI\illlittllS cllunlifcl' wit 
t\(lr HUllzch;chich t. 

il" [)I •. Qllcl'schnitt und SutUI' del' 
Clymcnill llcnuUlouti Miinst. 

TnI', XX I. Fig, i. ClyllH'1l ill :;lllJnl'llllltl~ M Hnll!" 
~fiill:;t.CI·'s Ol'igillnl "1I Goniatitc1\ 
1;1111111'11111 t.1l1!. 

" 

" 

" 

" 

n 

1·' HOitflllll IIliich to 
1 I,. Htil'lt:tllliieht, 
1'" J .1. 8111.1I1'0n, crstct'C in del' zwei

fell, lety.tcI'O in dcr drittcn 
'VilltlII Ilg. 

1 P. (~.1l1.'1'8(.Jtllitt, 

2. l>i('ij(:lIw, dn jllg<'nrlliches Exem
pllll', J (e,','11 Prof. Draun gcliorig. 

2·' Heitcllunsicht.. 
2 1 

•• Durclllichnit.t, 
2" f';ut\U'. . 

3. Clyiiicni:, intel'media ~1Unst.l1l'0c. 
MUnHter'ti Original. 

3"' Seitonnnsicht, in Ilnlbor Grasse. 
il'" Quol'sc1l1litt, 
a"-3°' Suturen in del' cl'sten, zwoi

tell uml dritton "-inchmg. 
4. Diosclbo, MiinstcI"s OJ'igillnl zu 

Gonintites mnximus l\1Unst. 
40

, Qltol'sehnitt iu bnl1,or OI·OSSO. 
.!'" Slltm' in Jlnlber G1'0850. 
5, Clymcnia. llatlel·j l\IUust. l:ipee. 
u" Oil. SeUcn- und Stu'nnnsieht. 
0·'· Sutur. 
0,1. Q.uol·schnitt. 
G. Clymonia plnnol'bifol·misl\IUnl:it. 
Go, GI~ Wio oben, 
G·' Quel'schuiLt. 
G'I, GO' Suturcll. 
Gr. Obcl'fiiichellstl'cifullg, VOl'

grol)sol·t. ' 

" , 
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