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Foreword
The first symposium in Europe entirely devoted to conodonts
was held in Marburg in 1 97 1 , the second (ECOS I l ) in
Vienna-Prague 1 980. There, we were asked to organize the
third one in Lund, Sweden, in 1 982. From the start these
symposia have been European only in terms oflocation of the
meetings . The topics discussed have not been exdusively
European, nor has the provenance of participants been
restricted . On the contrary, each ofthese symposia has served
as an international forum, open to all. Thus, in addition to the
many Europeans, ECOS I I I attracted scientists from as far
away as Tasmania, Argentina, Japan (and five other Asian
countries) as well as a large group from Canada and the USA.
Altogether some 50 specialists attended .
This wide scope was evident also in the topics proposed for
discussion and as the business ofworkshops . Anita G. Harris,
Washington, organized a workshop on conodonts as palaeo
temperature indicators, Godfrey S. Nowlan, Ottawa, a work
shop cum discussion on simple cone apparatuses, John E .
Repetski, Washington, o n e o n problems of Ordovician cono
dont taxonomy and biostratigraphy, Stefan Bengtson, Upp
sala, a discussion of the biology and affinities of the conodont
animal, and Otto H. Walliser, Gattingen, and Stig M.
Bergstram, Columbus, one on evolution in conodonts . A
number of the talks held at the Symposium have also resulted
in contributions to this volurne. O ther contributions are from
conodontologists who had planned to, but for various reasons
could not, attend the Symposium. Their artides complement
the array oftopics treated at the sessions in Lund U eppsson, L.
& Lafgren, A. (eds . ) 1 982: Third European Conodont Sym
posium (ECOS Ill ) Abstracts . Publicationsfrom the Institutes of
Mineralogy, Paleontology and Quaternary Geology University ofLund,
Sweden, 238; Jeppsson, L. 1 982: Third European Conodont
Symposium (ECOS I l l ) Guide to excursion. Publicationsfrom
the Institutes of Mineralogy, Paleontology and Quaternary Geology
University of Lund, Sweden, 239.]
The ECOS I I I Symposium was not committed to any
particular therne. The contributions to this volurne are
therefore a free representation of the kinds of problems that
attract conodont specialists at the present time.
The main theme of the Marburg Symposium in 1 9 7 1
( Geologica et Palaeontologica, SB 1 and Vol . 6) was transfer of
taxonomy from an old mode in which taxa were based on
individual elements, to one in which the basis of taxonomy is
the whole apparatus. Seventeen years after the first attempts
at a unified taxonomy this theme is still important; a maj ority
of conodont taxa are still based on single elements, but usually
we can employ a unified taxonomy . In the contributions to this

vol urne the reader can find discussions of apparatus recon
struction and/or discover different attitudes to the nomen
datorial problems that follow in the wake of taxonomic .
progress . The most pure contribution of this kind is that by
Enrico Serpagli . Lennart Jeppsson's one-page contribu tion
treats other aspects of that same therne.
In the Foreword to Geologiea et Palaeontologica, SB I,
Lindstram & Ziegler ( 1 972) noted that a multielement-based
taxonomy would perrnit us to trace lineages through time and
to study their evolution. The present volurne bears witness to
the correctness of that prediction, since such enquiries are
among the maj or concerns here. Many lineages can now be
traced through severaI tens ofmillions ofyears. Contributions
dealing explicitly with evolutionary problems are those by Stig
M. Bergstram, Thomas W. Broadhead, Thomas W. Broad
head & Ronald McComb, Pierre Bultynck, Jerzy Dzik, and
Michael J. Orchard.
The third theme is as old as the study of conodonts: which
group indudes their dosest relatives? The question has been
revived following Hubert Szaniawski's demonstration of the
dose similarities that exist between protoconodonts and
chaetognaths ( Szaniawski 1 982, Journal of Paleontology 56:3).
In this volurne a successor artide by the same au thor reports
on an investigation of the (micro- ) structure of protoconodont
elements. Thus there is at present stronger evidence of a
relationship between protoconodonts and chaetognaths than
there is between protoconodonts and euconodonts. Questions
of conodont origin are again the principal concern in Stefan
Bengtson's contribution to this volurne. An event reported to
the Symposium by Richard Aldridge (but published else
where (Briggs et al., Lethaia 16:1) was the discovery of a soft
bodied fossil which is the most convincing record ofa conodont
animal found so far.
Another dassical yet still highly topical theme is presence of
individual taxa in space and time and likely factors governing
distribution. This is an important subj ect in many contribu
tions, but it is a maj or one in only a few. Biostratigraphic and/
or biogeographic-ecological questions are important in the
contributions by S tig M. Bergstram, David L . Clark & Eric
Hatleberg, J erzy Dzik, Lennart J eppsson, Lin Bao-yu, Peep
Miinnik, Tamara A. Moskalenko, Godfrey S. Nowlan,John E .
Repetski & Thomas W. Henry, and Wang C heng-yuan &
Wang Zhi-hao.
The ECOS I I I Symposium could never have been carried
through without much help from friends and colleagues. We
wish to express sincere thanks to our co-members of the
Organizing C ommittee, Sven Strids berg and Eva-Marie
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Widmark, as well as to Per Ahlberg, Claes Bergman, Doris
Fredholm, Jan Gabrielson, Brian Holland, Louis Lilj edahl,
Peter Mileson, Sara Nyman, and Ewa Såll, all at the time at the
Department of Historical Geology and Palaeontology in
Lund, and to the Department of Geology for provision of
technical help. We appreciate also the assistance of all those
colleagues who acted as organizers of workshops and discus
sions, or as chairmen of sessions or who in any other way
contributed to the Symposium.
The logotype used in this volume is a literai reconstruction
of Pygodus anserinus, drawn by C laes Bergman for the Sympo
SIUm.
The editorial work on the present volume has been greatly
facilitated by the excellent services of our referees . We
gratefully acknowledge help by Richard J . Aldridge, Notting
ham, Christopher R. Barnes, St. John's, Stefan Bengtson,
Uppsala, Thomas W. Broadhead , Knoxville, Pierre Bul
tynck, Brussels, David L. C lark, Madison, Maurits Lind
striim, Marburg, the late S. C rosbie Matthews , Uppsala,
James F. Miller, Springfield, Michael A. Murphy, Riverside,
Godfrey S . Nowlan, Ottawa, John E . Repetski, Washington,
Carl B. Rexroad , Bloomington, Hans Peter Schiinlaub,
Vienna, and Walter C. Sweet, .Columbus, as well as by those
who prefer to remain anonymous.
The late Anders Martinsson, Uppsala, who as a friend and
as Editor of Fossils and Strata gave us much helpful advice and
unlimited support, especially during the planning of this
volume, is thankfully remembered .
Special thanks are also due to Stefan Bengtson, Uppsala,
who became engaged as Anders Martinsson's co-editor, but
after his death alone took the responsibility for the final editing
of this volume.

We would also like to thank the Swedish National Science
Research C ouncil for financial support, in the form of a grant
that covered the printing of the Symposium abstracts and
excursion guide and helped us pay some other costs in
connection with the organizing of the Symposium. In a further
notable benefaction the Council has generously met the
principal part of the cost of printing this volume.

Lennart Jeppsson and Anita Lofgren

Edi torial note
The Editor o fFossils and Strata, Anders Martinsson, died when
the present volume was under preparation . The editorship
then passed into my hands. At that stage the manuscripts had
already been subj ect to thorough refereeing and revision
through the efforts of LennartJeppsson and Anita Liifgren of
the ECOS I I I Organizing Committee. This made the final
editing ofthe manuscripts unusually uncomplicated . Thus the
editing of the volume was the cooperative work of four
persons.
The title 'Taxonomy, ecology and identity of conodonts'
serves to identify the topics treated in the symposium volum e,
but it is not an essen ti al part of the bibliographic identification .
Thus articles in this volume may be conveniently referred to in
reference lists under their serial arrangement, for example:
Szaniawski, H. 1 983: Structure of protoconodont elements .
Fossils and Strata 15, 2 1-2 7 .
Stefan Bengtson

The early history of the Conodonta
STEFAN BENGTSON

FOSSILS AND STRATA

ECOS III
A contribution to the Third European
Conodont Symposium, Lund, 1 982

Bengtson, Stefan 1 983 1 2 1 5 : The early history of the Conodonta. Fossils and Sirata, No. 1 5 , pp.
5-- 1 9 . Oslo ISSN 0300-949 1 . ISBN 82-000673 7-8.
The slender, spine-shaped, apatitic protoconodonts appear in the fossil record near the
Precambrian-Cambrian boundary and persist through the Cambrian . Recent work (Szaniawski
1 982, J. Paleont. 56) suggests that protoconodont elements were homologous to the grasping
spines of modern chaetognaths. Paraconodonts are similar to protoconodonts in their mode of
growth by basal accretion . However, paraconodonts were more deeply invested in the secreting
epithelium, and there are no known transitional forms between the two types. Other Cam brian
conodont-like fossils have been investigated to examine the possibility that they may be
homologous with paraconodonts. Some of them, such as the funnel-shapcd cones of Fomitehella,
have an internal structure which precludes homology with paraconodonts . Others, such as the
cone-shaped sclerites of Lapworthella, might have taken on the morphological and structural
characteristics ofparaconodonts ifthey became adapted to a tooth or claw function, but there is no
direct evidence to support such an interpretation. Morphological, histological and stratigraphi
cal data indicate that euconodonts evolved from paraconodonts during the late Cambrian by
acquiring a crown, a dense apatitic tissue secret ed over the outer surface of the paraconodont
cusp. If the paraconodont and protoconodont animals are closely related, as has been suggested
earlier, the paraconodont and euconodont animals may represent a branch of the chaetognaths
that had developed pharyngeal denticulation . This concept of conodont origin and early
evolution fits well with the recently discovered euconodont animal in the Scottish Carboniferous
(Briggs, Clarkson & Aldridge 1 983, Lethaia 16) . O Conodonta, Chaetognatha" protoeonodonts,
Rhombocorniculum, Fomitchella, Lapworthella, mierostrueture, funetional morphology, evolution,
Cambrian.
Stefan Bengtson, Department of Palaeobiology, Box 564, S-751 22 Uppsala, Sweden; 25th Detober, 1982
(revised 1983 06 21) .

By the time oftheir first rise to high diversity in the Ordovician ,
conodonts had al ready attained the euconodont grade of
element structure, i.e. the elements had developed a crown
(term introduced by Nicoll 1 97 7 for what was previously
known as the 'conodont proper' ) . Most of our knowledge of
conodont evolution concerns this euconodont grade of organi
zation, which was extant from the late Cambrian (Franco
nian) until the final extinction of the group in the Triassic. The
earlier history of the Conodonta is much less well understood,
largely because C ambrian conodonts with their slow evolu
tion and low diversity are unattractive for biostratigraphical
purposes and have therefore attracted comparatively little
attention, but also because the simple morphology and
structure of early conodonts provide little basis for detailed
phylogenetic analyses and often may even render their
identification as conodonts conj ectural .
The present contribution examines evidence for the early
evolution of conodonts, in time from the first appearance of
conodont-like fossils in the latest Precambrian to the attain
ment of the euconodont grade in the late Cambrian. The
evidence is in some measure equivocal because of the problems
of identification j ust mentioned . It is possible to propose
evolutionary lineages between almost any two Cambrian
conodont-like foss ils, but very difficult to test such hypotheses.
Histological characters help to channel speculation, but
identifications of non-euconodonts as conodonts must
nevertheless involve some degree of appeal to fairly general
phylogenetic hypotheses . However, as long as the nature of the

hypothesis is kept in mind, this kind of approach may be
fruitful and is, indeed, often the only one available.
In this paper I shall examine the record of conodont-like
foss ils known from the Cam brian within the framework of a
mod el of early conodont evolution proposed in 1 976 (Bengtson
1 976) . The essentials of this model are : ( 1 ) conodont elements
were primarily external, secreted by an epithelium, (2) an
evolutionary trend during the Cambrian, represented by the
sequence protoconodonts-paraconodonts-euconodonts, in
volved gradual retractipn of the elements into pockets of this
epithelium, (3) euconodonts were completely engulfed in
epithelial pockets , which enabled them to grow holo
peripherally and thus to ass urne more complex shapes that
could be retained during ontogenetic growth, and (4) the
secreting epithelium adhered only to the basal body of the
euconodont, the crown being exposed to the aquatic medium
when the apparatus was in use.
The model has a num ber of implications which may be
tested against independent evidence: ( 1 ) The tissue of the
elements was primarily derived from an ectodermal
epithelium, ( 2 ) the basal body of early euconodonts is
homologous with the 'cusp' of paraconodonts , (3) conodont
elements functioned externally rather than as supports for soft
tissue, and (4) they alternated between a retracted non
functional growth stage and ·a protracted functional non
growth stage.
The mod el was mainly based on his tological structure as
reflecting the mode of accretion of the elements. The present
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study extends the histological comparisons to conodont-like
fossils additional to those that were considered in 1 9 76. These
comparisons can be used to test and develop the general
mode!. In addition, the well-documented proposals by
J eppsson ( 1 979) on the tooth function of euconodonts and by
Szaniawski ( 1 982; Repetski & Szaniawski 1 98 1 ) on the
chaetognath nature ofprotoconodonts may be combined with
the proto-para-euconodont model to produee a more specific
hypothesis of conodont evolution that sets up detailed propos
als on the origin, affinities and biology of the conodont animal
and on the anatomy and functional morphology of the
conodont apparatus. In fact, some al ready published central
predictions of this hypothesis have been confirm ed by the
recent discovery in the Scottish C arboniferous of the first
convincing conodont animal with preserved soft parts ( Briggs,
Clarkson & Aldridge 1 98 3 ) , as will be diseussed below.

C ambrian conodont-like fossils
The earliest known unquestionable euconodonts appear in the
upper Franconian Proconodontus tenuiserratus Zone of western
United States ( Miller 1 980; Miller et al. 1 982) These forms (P.
tenuiserratus Miller 1 980 and the n. gen . n. sp. of Miller 1 980 : 3 132) are characterized by simple-cone elements with promi
nent basal bodies and thin hyaline crowns. The histological
evolution of crown and basal- body tissue in the late Cam brian
is at present under investigation by J. F. Miller and myselfand
will be the subj ect of a later publication. Reviews of general
euconodont histology have been given by Bengtson ( 1 9 76) ,
Muller ( 1 98 1 ) and Lindstrom & Ziegler ( 1 98 1 ) .
Evolutionary transitions can never be proven to have occur
red . Even if we identify fossils which are highly probably
ancestors of euconodonts, there is always a remaining possibil
ity that the ancestors of euconodonts are in fact unrepresented
in the fossil record . Keeping this in mind , we may examine the
record of conodont-like fossils in the Cambrian, essentially the
record of phosphatic, cone-shaped fossils . The general cone
shape may in each instance result from either or both of two
conditions: ( I ) accretionary growth and ( 2 ) a function
requiring a pointed shape ( tooth, claw, defensive spine, etc. ) .
Both of these conditions are common, and, consequently, so
are instances of morphological convergenee in simple cone
shaped fossils . In order to exclude such cases of convergenee
from the phylogenetic analyses it is necessary to investigate as
many independent characters as possible, particularly his
tologica!. Although microstructures are not in themselves a
more reliable to ol for phylogenetic analysis than morphology,
they may give crucial information on the origin and mode of
formation of the tissue, which in turn may serve to restrict
hypotheses concerning homology.
All figured specimens have been deposited at the Swedish Museum of
Natural History, Stockholm (SMNH ) . Specimens sectioned for SEM
investigation were polish ed and etched with 3 % He l for 5- 1 0
seconds before coating with gold-palladium.

Paraconodonts
The term 'paraconodont' is here used in the sense of Bengtson
( 1 976: 1 86) to signify conodont-like foss ils with the structural
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organization specified by Muller & Nogami ( 1 97 1 , 1 972; cf.
Bengtson 1 976: 200) . The group corresponds only partly to the
order Paraconodontida as defined by Miller ( 1 98 1 ) , since he
also included the genera A mphigeisina Bengtson 1 9 76 (only
genus of the superfamily Amphigeisinacea Miller 1 98 1 ) ,
Gapparodus Abaimova 1 9 78, and Protohertzina Missarzhevsky
1 97 3 , as well as the speeies 'Prooneotodus ' tenuis ( Muller 1 959)
(within the superfamily Furnishinacea, family Furnishinidae
Muller & Nogami 1 97 1 ) which all are of the protoconodont
grade of structural organization ( Bengtson 1 976, 1 97 7 , and
herein; Szaniawski 1 982) , However, the terms proto-, para
and euconodont as used here are descriptive and do not
necessarily imply a direct correspondence with taxonomic
groups (although element histology certainly has taxonomic
implications) .

Morphology and histology. - The paraconodont elements are
typically simple cones with more or less flaring bases . A few
representatives (notably Westergaardodina Muller 1 959) have
secondary denticles at the base. Finds of bedding-plane
associations and fused clusters of Furnishina Muller 1 959
indicate that paraconodonts forrned apparatuses si mil ar to
those known in simple-cone euconodonts ( Szaniawski 1 980a;
Andres 1 98 1 ) . Most information about the histology of
paraconodont elements derives from the work of Muller &
Nogami ( 1 9 7 1 , 1 972) ; the essential characters are: high
organic content, very small apatite crystallites , thick growth
lamellae, growth by basal accretion on the outside, on the
basal edge, and (in some cases) on the inside of the element.
In one important respect the published accounts of para
conodont histology may have to be modified: Muller &
Nogami ( 1 9 7 1 ) stated that in the initial growth stages the
lamellae are continuous around the tip of the element. The
only speeimen that has been adduced to show this is a thin
section of Problematoconites perforatus Muller 1 959 illustrated by
Muller & Nogami ( 1 9 7 1 , P l . 1 :4) . I have studied this section
and find no evidence of apically closed lamellae - the structure
that may have such an appearance in their P I . 1 : 4 is forrned by
a dark Becke line. Other thin sections of paraconodonts in the
Bonn collection (UB246, 325, 326, 328, 343-349, N922) also
fail to show apically closed lamellae. The presenee of apically
continuous lamellae in the early growth stages of paracono
dont elements has yet to be demonstrated.
Discussion. - According to the proposed evolutionary model,
euconodonts were derived from paraconot'lonts through the
addition of an outer apati tie layer ( the crown) deposited from
an enveloping epithelial fold. The idea was supported by the
close histological similarities between paraconodont elements
and the basal body of early euconodont elements . If para
conodonts did indeed have apically closed lamellae in the early
growth stages, the evolutionary acquisition of a crown in
euconodonts may have been due to a heterochronic proeess;
whereas the possible absenee (see above) of such lamellae in
paraconodonts would postdate the appearance of the crown
and make the suggested homology more exaet.
Miller's ( 1 980) unnarned new genus and speeies of
euconodont found together with the first Proconodontus tenuiser
ratus satisfies the predietions of the hypothesized evolutionary
model, for it is a form which differs visibly from associated
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Fig. 1 . Elements of Protohertzina. DA. P. unguliformis, Tommot, River
Aldan, Yakutia, Precambrian-Cambrian boundary beds, sample 70g
(V. V. Missarzhevsky) . x 70. SMNH No. X2070. DB. Detail of A,
base ofinternal cavity. x 500. O C . P. unguliformis, same locality as A
B, sample 70e (V. V. Missarzhevsky) . X 1 30. SMNH No. X208 1 . OD.
Same specimen in longitudinal section, polished and etched: Position

Early history of Conodonta
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of E indicated . X 1 30. DE. Detail ofD. x 600. OF. P. anabarica, River
Kotuj kan, Anabar Massif, Yakutia, Nemakit-Daldyn Beds ( Preca' m 
brian-Cambrian boundary beds), sample M4 1 9/ ! 2 (V. V. Missar
zhevsky) . Longitudinal section (perpendicular to plane of curvature ) ,
polished and etched . Position o f G indicated . x 1 60. SMNH No.
X2082. OG. Detail of F . X 1 400.
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paraconodonts only in the presenee of a thin hyaline crown
( Miller 1 980 : 3 1-32) . The new form may be very closely
related to ' Coelocerodontus ' rotundatus Druce & Jones 1 9 7 1
described from the Upper Cambrian ofQueensland (Druce &
Jones 1 9 7 1 ) ; the histology of these forms and of the paracono
donts associated with them is at present under detailed
investigation.

Protoconodonts
The term 'protoconodont' was introduced for slender Camb
ri an elements with only basal-intern al growth increments
(Bengtson 1 9 76) . This structure was demonstrated for Middle
Cam brian Gapparodus bisulcatus (Miiller 1 959) and was later
(Bengtson 1 9 7 7 ) shown to occur also in the widespread U pper
Cambrian 'Prooneotodus ' tenuis. The latter speeies is repre
sented by numerous apparatus-like assemblages ( bedding
plane associations or fused clusters) from severai continents
(e.g. Miller & Rushton 1 9 73; Miiller & Andres 1 9 76; Landing
1 9 7 7 ; Tipnis & Chatterton 1 9 79; Abaimova 1 980; Andres
1 98 1 ; Szaniawski 1 982) . Szaniawski ( 1 982) has shown that the
patent general similarities between the 'P. ' tenuis apparatus
and the grasping apparat us of modern chaetognaths are
complemented by detail ed morphological and his tological
similari ties .
Protoconodonts are among the earliest cases of bio
mineralized tissues known from the fossil record . The genus
Protohert::.ina is known from pre-Tommotian (i.e. uppermost
Precambrian according to current stratigraphical concepts)
deposits of the Siberian Platform, Kazakhstan, and Mongolia
( Missarzhevsky 1 9 7 3 , 1 982; Missarzhevsky & Mambetov
1 98 1 ) , and has also been reported from the base of the 'shelly'
succession in C hina (e.g. Qian 1 97 7 ; Qian, Chen & Chen
1 9 79; Chen 1 9 79, 1 982) and the C anadian Cordillera (Con
way Morris & Fritz 1 980) . The fine structure of Protohert::.ina is
thus ofparticular interest and will be examined in detail here.

Morphology and histology. Protoconodont elements are long (up
to severai millimetres) , slender, slightly curved, commonly
with one or more longitudinal keels (Figs . 1-2) . The internal
cavity reaches almost to the apex. Well-preserved speeimens
of Gapparodus bisulcatus, Amphigeisina daniea ( Poulsen 1 966) and
'Prooneotodus ' tenuis show a three-Iayered wall structure: a
thick, laminated midd le layer bounded by thin outer and inner
lamellae ( Bengtson 19 76, 1 9 7 7 ; Szaniawski 1 982, 1 983) .
Organic con tent was originally high, and there is evidence to
show that only the middle layer was to some degree
mineralized with
apatite
(Bengtson
1 976: 1 96- 1 9 7;
Szaniawski 1 982, 1 983) . This layer also demonstrates the
basal-intern al growth increments referred to above (not
observed in Amphigeisina, however) .
Three elements of Protohert::.ina unguliJormis Missarzhevsky
1 9 73 from the River Aldan, Yakutia, one of P. anabarica
Missarzhevsky 1 973 from the River Kotuj , Anabar Massif,
and one each of P. anabarica and P. cultrata Missarzhevsky 1 9 7 7
from Malyj Karatau, Kazakhstan, have been available for
his tological investigation . All are from Precambrian-C amb
ri an boundary deposits except for the P. cultrata, which is from
the Upper Atdabanian. Two thin sections and four polished
and etched sections were made. The observations indicate a
consistent structure in P. unguliJormis and P. anabarica: the
-

mam layer of the wall is composed of lamellae arranged
slightly obliquely to the wall in a manner indicating basal
internal accretion ( Fig. I D-G) . The lamellae have a fibrous
appearance, as they consist ofacicular apatite crystallites with
long axes parallei to the lamellae. This direction corresponds
to that of the c axes; the structure is highly birefringent. (The
fibrous structure can also be observed in an unsectioned
speeimen, Fig. I B; the fibres are here probably enlarged by
secondary apati te deposition.) The thin sections (one of each
speeies) show an impersistent dark-coloured outer portion of
the wall with no birefringence at all or with c axes perpendicu
lar to the lamellae. This may represent recrystallized or
originally less mineralized portions of the wall. There is no
persistent outer layer visible; the thin crust seen in Fig. I G is of
uncertain origin.
In the speeimen of P. cultrata the lamellae are non-fibrous
(Fig. 2 ) , as in Gapparodus bisulcatus and 'Prooneotodus ' tenuis.
There is also a secondary apati tie lining of the internal cavity
with surface-normal (i.e. perpendicular to the ou ter surface)
acicular crystallites ( Fig. 2C ) . A similar layer of surface
normal to spherulitic apati te has also been observed in the
internal cavity of elements of P. unguliJormis and P. anabarica .

Discussion.
Szaniawski ( 1 982) compared the structure of
grasping spines of modern Sagitta with that of Upper Camb
ri an 'Prooneotodus ' tenuis elements . He found a three-Iayered
structure in the wall around the pulp cavity of Sagitta spines
that is strikingly similar to the structure in protoconodonts .
Probable growth increments, reflected on the surface as well as
in the structure of the thick midd le layer, are present in Sagitta,
as in protoconodonts. The main differences are that Sagitta
spines are unmineralized, and the middle layer is fibrous.
These fibres consist of chains of highly crystalline a-chitin
(Atkins, Dlugosz & Foord 1 9 79) . It is interesting to note that a
fibrous structure is indeed present in the earliest protocono
donts, i.e. the Protohert::.ina unguliJormis and P. anabarica figured
here. (Although it is a protoconodont too, the younger P.
cultrata differs considerably from the two older speeies both
morphologically and histologically; it may in fact not be so
closely related to them that it deserves placement in the same
genus . ) Fibres consisting of acicular apati te crystallites and
chitin chains, respectively, are not likely to be strietly
homologous, but the fibrous structure as such may reflect
similarities in the organization of the tissues responsible for
formation of the spines.
Bone, Ryan & Pulsford (in press) , studying spines and teeth
of Sagitta setosa Miiller 1 847, discovered complex structures
(fibrils or lamellae, probably representing aggregated crystal
line sheets of a-chitin) traversing the middle layer and
connecting the outer and inner layers of the wall. They also
found high concentrations ofsilicon in the tip, and of zinc in the
tip and the outer and inner layers of the wall. Such features
have not yet been found in protoconodont elements. However,
their presenee need not be expected in apati tie elements even if
they are homologous to chaetognath spines, for in the latter
these features probably all serve to strengthen and hard en the
unmineralized spines ( Bone, Ryan & Pulsford , in press) .
Outer and inner layers are not clearly visible on the
Protohert::.ina speeimens investigated here. Thin organic layers,
if present, are generally not likely to be preserved, and one
-

FOSSILS AND STRATA 1 5 ( 1 983)

Early history of Conodonta

9

must be cautious when interpreting thin crusts on surfaces of
fossil speeimens - they may well be diagenetie, as is evident in
the case of the inner apatitie crusts seen in many speeimens of
Amphigeisina (Bengtson 1 976, Figs . I A-B and 3) and Protohert
zina ( Fig. 2C herein) . Such a crust is usually characterized by
growth of acicular crystallites normal to the encrusted surface,
with tell-tale spherulitic growth around irregularities on the
surface. The fused lamellae reported as primary tissue in
clusters of 'Prooneotodus ' tenuis by Tipnis & Chatterton ( 1 979)
are typical of such diagenetie structures ( cf. also Repetski &
Szaniawski 1 98 1 : I 70- 1 7 1 ) .
Although some paraconodonts (and euconodonts) have
slender shapes approaching those ofprotoconodonts, no ne of
the forms investigated so far could be interpreted as mor
phological-histological intermediates between proto- and
paraconodonts ( cf. Bengtson 1 9 7 7 :43) . For this reason the
evolutionary transition between these two groups is more
hypothetical than the transition from para- to euconodonts .

RHOMBOCORNICULUM
Rhombocomiculum Walliser 1 958 is a widely distributed fossil in
the upper Lower Cam brian, first reported from Shropshire,
England (Cobbold 1 92 1 ; Walliser 1 958). It is found as
phosphatic sclerites, narrowly conical or broadly triangular,
with a characteristic rhomboidal surface microsculpture ( Fig.
3) . The type species, R. cancellatum (Cobbold 1 92 1 ) , has been
interpreted as having two kinds of elements, slender and
broad, which occur in the same deposits (Walliser 1 958;
Landing, Nowlan & Fletcher 1 980) . (Mambetov 1 9 7 7 , how
ever, considered the broad element to represent a separate
speeies, R. walliseri Mambetov 1 97 7 . ) Missarzhevsky (in
Missarzhevsky & Mambetov 1 98 1 ) has described another
speeies, R. insolutum Missarzhevsky 1 98 1 , characterized by
slender elements with rounded cross-section and spinose
surface sculpture.
Morphology and histology. - Walliser ( 1 958) and Landing,
Nowlan & Fletcher ( 1 980) described the morphology and
histology of R. cancellatum in detail. The elements are up to a
couple ofmillimetres long, usually asymmetrical, more or less
twisted, with a narrow internal cavity. A slender element is
figured herein (Fig. 3A) showing the characteristic surface
ornament. The internal structure is coarsely fibrous (Walliser
1 958, Pl. 1 5:6-- 7 ; Landing, Nowlan & Fletcher 1 980, Figs . 3-4;
Fig. 3B-C herein) . The fibres are arranged obliquely to the
walls, those from opposing walls converging in the apical
direction, i.e. the inclination agrees with that of the fibrous
lamellae in Protohertzina unguliformis and P. anabarica. The
composition is apati tie (Walliser 1 958) , and observations
under a petrographie microscope show that the fibres are
composed of high ly birefringent crystals with c axes parallei to
the longitudinal direction of fibres . The presenee of ou ter
(Walliser 1 958) and inner ( Landing, Nowlan & Fletcher
1 980) organic lamellae has been reported, but information on
these structures is not sufficient to allow a more detailed
determination of their nature.
Discussion. - Apart from some apparently arbitrary assign
ments to groups such as the blatantly polyphyletic Cam bro-

Fig. 2. Element of Protohertzina cuLtrata, Aktugaj , river Shabakty, Malyj
Karatau, Shabakty Formation ( upper Atdabanian ) , sample M52 (A.
M . Mambetov) . SMNH No. X2083. DA. x 65 . D B . Longitudinal
section, polished and etched. Position orc indicated . x 65 . DC. Detail
of B. x 900.
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with this conclusion, except that the fibrous structure of
Protohert;:;ina described herein certainly allows for the interpre
tation that Rhombocomiculum was derived from an early
protoconodont. Thus a near relationship with conodonts is
conceivable, but the available characters do not allow a strict
assessment of this possibility. There are no known forms that
show any evidence of being descendants of Rhombocomiculum.

FOMITCHELLA
The phosphatic cones of Fomitchella infundibuliformis Missar
zhevsky 1 969 ( Fig. 4) were described by Missarzhevsky (in
Rozanov et al. 1 969) from the lower part of the Tommotian
Stage in Siberia, i.e. basal Cambrian beds as currently
understood. In 1 9 7 7 Missarzhevsky described a second
speeies, F. acinaciformis, from these beds, and similar forms are
now known also from approximately age-equivalent beds in
Malyj Karatau ( Missarzhevsky & Mambetov 1 98 1 ) , eastern
Massachusetts (Landing & Brett 1 982) and southeastern
Newfoundland (Bengtson & Fletcher 1 983) . [Other reports of
Fomitchella appear questionable on the evidence of published
illustrations, viz . the Fomitchella sp. of He (in Vin et al. 1 980, Pl.
1 9 : 7 ) , the F. rugosa and F. cf. infundibuliformis ofJiang (in Luo et
al. 1 982, Pl. 1 7 : 1 4- 1 5 and P l . 1 7 : 1 6, respectively) , and the F.
yankonensis of Yuan & Zhang ( 1 983, P l . 1 :6) ; also the
Paraformichella [sic!] orientalis of Qian & Zhang ( 1 983, P l .
2 : 1 5- 1 7 ) . ] Fomitchella infundibuliformis is very conodont-like
and has even been suggested as the stock from which all later
conodonts, including paraconodonts , arose (Dzik 1 976,
Fig. I ) .

Fig. 3. Slender elements of Rhombocorniculum cancellatum. DA. Fortupe
River, Burin Peninsula, Newfoundland, Brigus Formation, ca. 10 m
above base, sample Gan79-30-SB. x 1 00. SMNH No. X2084. DB.
Achchagyj-Kyyry-Taas, River Lena, Yakutia, Transitional 'Forma
tion', 2nd Member ( upper Atdabanian) , sample Sib73-2-SB. Trans
verse section, polished and etched. Position ofG indicated ( upper left) .
X SOO. SMNH No. X208S. OG. Detail of B. x 2000.

scleritida Meshkova 1 974 ( Meshkova 1 974; Mambetov 1 9 7 7 ; cf.
Bengtson 1 97 7 : 60-6 1 ) or the Halkieriidae Poulsen 1 96 7
( Missarzhevsky 1 9 7 7 ; Missarzhevsky & Mambetov 1 98 1 ) ,
Rhombocomiculum has generally been left without a sup
rageneric assignment. Miiller ( 1 962) originally assigned it to
his order Paraconodontida together with Problematoconites
Miiller 1 959 and Pygodus Lamont & Lindstrom 1 957, but
subsequent histological investigations led to a considerable
emendation of the Paraconodontida, to include a number of
Cambrian forms structurally similar to Problematoconites, and
to exclude Rhombocomiculum and the euconodont Pygodus
( Miiller & Nogami 19 7 1 ) . Landing, Nowlan & Fletcher
( 1 980) introduced the ( seemingly expletive) term 'pseudo
conodont' for Rhombocomiculum sclerites and diseussed
the general similarities with protoconodont and euconodont
apparatuses, concluding that the Rhombocomiculum elements
'may have served a similar function and had a broadly
comparable morphology in un unrelated organism ' . I agree

Morphology and histology. - Speeimens ofF. infundibuliformis have
als o been illustrated by Missarzhevsky ( in Rozanov et al. 1 969,
Pl. 6: 1 2, 1 5, 1 6 ) , Meshkova ( 1 969, P l . 56: 1-5, as 'Oneotodus?
sp. ' ; in Repina et al. 1 9 74, P l . 1 7 : 5 ) and Matthews &
Missarzhevsky ( 1 975, P l . 3 :8) . They are hollow cones, us ually
slightly flattened laterally, with widely flaring bases and
narrow, drawn-out tips . The internal cavity is large and the
walls consequently very thin (down to 5 �m) but the cavity
does not extend in to the narrow tip. Outer and inner surfaces
are practically smooth; a faint radial ornament is sometimes
visible on the outside.
In longitudinal section (Fig. 4B-D) the cones are seen to
consist of very fine (0.5-2 �m) lamellae paralleI to the outer
surface of the cones. These lamellae wedge out towards the
inner side, so that the innermost lamellae are restricted to the
apical part. The lamellae appear finely granular under the
SEM, and the substance shows very weak birefringence in
polarized light, suggesting that individual crys tallites are very
small with a c axis orientation which is only to a degree
preferen tial ( tangen tially in the cross-sectional pl ane ) . There
may be fine (about I �m in diameter) tubules piercing the
lamellae ( Fig. 4D, top) , but these may have been produced pos t
mortem by boring organisms.
Discussion. - l f the lamellae are taken to represent successive
growth increments, their arrangement shows that secretion
took place on the outside of the cone, i.e. that the outer side was
covered with secretory tissue. This is similar to the condition in
the euconodont crown (cf. Fig. 5 ) , but fundamentally different
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Fig. 4. Fomitchella infundibuliformis. River Fomich, Anabar Massif,
Zone of Aldanocyathus sunnaginicus - Tiksitheca licis; sample M3 1 4/4 (V.
V . Missarzhevsky) . DA. X 1 0Q. SMNH No. X2086. DB. Longitudinal
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thin section in transmitted, plane-polarized light. x 600. SMNH No.
X208 7 . OG. Longitudinal section, polished and etched . Position ofD
indicated. x 200. SMNH No. X2088. O D . Detail ofG. X 1 500.
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Fig. 5. Elements of Pseudooneotodus cf. mitratus (Moskalenko 1 973) , 'elf
caps' of Winder ( 1 9 76) . Colbourne Quarry, Ontario, upper Trenton
Group (Caradoc) , col! . C. G. Winder. DA-B . X 1 00. SMNH No.
X2089. DC. View from below showing basal body and thin crown.
Position of D indicated . X 1 00 . SMNH No. X2090. OD. Detail of
specimen in C , showing partly exfoliated crown on 9itsal body. x 800.
DE. Thin section in transJ;nitted, plane-polarized light, showing
crown (top and right) and basal body. x 400. SMNH No. X209 1 .

from that i n the Cam brian paraconodonts . I n fact, there seems
to be no possibility that the elements of, e.g., Furnishinafurnishi
Muller 1959 and Prooneotodus gallatini ( Muller 1959) could be
derived from the morphologically somewhat similar, but
histologically different, cones of Fomitchella infundibuliformis.
There is a radical difference in mode of secretion which hardly
permits the structures to be interpreted as homologous .
This similarity between Fomitchella and euconodonts pre
sents a challenge to the hypothesis that euconodonts evolved
from paraconodonts in the late Cambrian. There are four
possible interpretations :
( I ) Late C ambrian euconodonts did not evolve from
paraconodonts but from Fomitchella infundibuliformis or a close
ancestor in common with Fomitchella.
( 2 ) Euconodonts did in fact evolve from paraconodonts, but
considerably earlier than supposed, in the late Precambrian
rather than the late C ambrian. Fomitchella is an early eucono
dont. The stratigraphic order of appearance of the other forms
misrepresents their evolutionary order of appearance.
( 3 ) The euconodont grade of organization was attained
more than once and at different times, Fomitchella representing
an early such example. The euconodont animals are polyphy
letic and the crown not truly homologous between different
euconodonts .
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(4) Fomitchella is not a member of the conodont stock, and the
similarity to euconodonts is convergent or fortuitous.
The first interpretation would reduce the similarities
beween paraconodont elements and the basal bodies of
euconodonts documented by Muller & Nogami (.1 97 1, 1972;
cf. Bengtson 1 9 76) to convergenee or chance, and it would
negate the hypothesis that euconodonts evolved from para
conodonts by the acquisition of a crown. Against this interpre
tation there stands the orderly stratigraphic succession in the
Upper Cam brian of paraconodonts, euconodonts with thin
crown and prominent basal body (e.g. Proconodontus Miller
1 969) and euconodonts with thicker crown and smaller basal
body (e.g. Teridontus Miller 1 980, Eoconodontus Miller 1 980,
Camhroistodus Miller 1 980) as documented by, e.g., Miller
( 1 969, 1980; Miller et al. 1982) . The complete absenee of a
basal body in the well-preserved Tommotian Fomitchella
contrasts with the prominent basal bodies present in the
earliest appearing late Cambrian euconodonts (Proconodontus
and the n. gen . et sp. of Miller 1 980: 3 1-32 ) .
The second interpretation i s also a t variance with the
observed stratigraphical succession . Whereas such strati
graphical misrepresentations are theoretically possible, they
are not very likely in the present case of commonly abundant
microfossils whose distribution has been investigated in detail
in key sections in North Ameriea (e.g. J . F . Miller 1 969,
1 978, 1 980; Derby, Lane & Norford 1 9 72; R. H. Miller &
Paden 1 976; R. H . Miller et al . 1 98 1 ; Fåhraeus & Nowlan 1978;
Landing, Ludvigsen & von Bitter 1 980; J . F. Miller et al.
1 982) , northern Europe (Muller 1 959; Szaniawski 1 97 1 , 1 980b;
Bednarczyk 1 979) , Kazakhstan (Abaimova & Ergaliev 1 975;
Abaimova et al. 19 78; Abaimova 1978; Dubinina 1 982) , Iran
( Muller 1 97 3 ) , China ( Xiang et al. 1 98 1) , and Australia
(Druce & Jones 1 97 1 ; Druce, Shergold & Radke 1 982) . The
lack of a trace of a basal body in Fomitchella is also inconsistent
with this interpretation .
The third interpretation is somewhat strained, again
because of the lack of a basal body in Fomitchella.
The fourth interpretation fits the available data, but at the
price of an ad hoc assumption that Fomitchella has nothing to do
with conodonts . This assumption can be partly defend ed by
the fact that Fomitchella, apart from the anomalous strati
graphie position, differs in some respect from early eucono
donts. First, in spite of the good preservation (no sign of etching,
recrystallization, mechanical abrasion or heating) and the
deep internal cavity there is no trace of a basal body . Second ,
the lamellae consist of finely granular apatite without prefer
red crystallographic orientation, whereas euconodont crowns
typically show a strong preferred orientation of crystallo
graphie c axes, usually in connection with acicular crystallites .
None of these differences can be taken to prove that Fomitchella
is not a euconodont, but it must be remembered that the
remaining similarities to the euconodont crown are of a simple
and general nature, making convergenee or fortuitous resem
blance a not unlikely possibility.
In summary, Fomitchella is not a paracondont or a para
conodont ancestor, but its possible euconodont nature cannot
be ruled out by its characters alone. In view of the total
stratigraphical and histological evidence on the origin of
euconodonts, however, acceptance of Fomitchella as a conodont
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strains credulity much more than the alternative assumption
that it is no close relative of conodonts .
If not a conodont element, the phosphatic cone ofFomitchella
may be interpreted as a supporting cup for an organism having
secreting soft tissue extending over the outside of the
mineralized structure . This organism may have been a
colonial animal, the con es secreted by a coenenchyme, but
there is no direct comparison with the superficially similar
laminated phosphatic linings of some bryozoan zooecia
( Martinsson 1 965) because the lamination indicates that
these were secreted by the zooids themselves (Martinsson
1 965; Eisenack 1 964) .

LAPWORTHELLA
The phosphatic cones of Lapworthella Cobbold 1 9 2 1 are not
strietly conodont-like, but a case could be made for a
Lapworthella-like animal as an ancestor of paraconodonts; this
possibility and its implications will be dealt with here.
Speeies of Lapworthella are known from Lower Cambrian
(and some possibly Middle Cambrian) deposits in north
western Europe, eastern North Ameriea, the Siberian Plat
form, Mongolia, South C hina, and South Australia (speeies
list in Bengtson 1 980; new occurrences reported by Landing,
Nowlan & Fletcher 1 980; Vin et al. 1 980; Landing & Brett
1 982; Voronin et al. 1 982; Luo et al. 1 982; Bengtson & Fletcher
1 983; Qian & Zhang 1 983) . Sclerites typically show very large
morphological variation within samples ( this has led to some
taxonomic oversplitting) . Severai lines of evidence suggest
that the sclerites were parts of a composite exoske!eton similar
to that inferred for mitrosagophorans ( Bengtson 1 9 7 7 : 58-60) ;
Lapworthella is generally considered to be close!y related to the
mitrosagophorans and some other C ambrian animals with
composite phosphatic exoske!etons, such as Dailyatia Bischoff
1 976 and the Kelanellidae Missarzhevsky & Grigor'eva 1 98 ! .
The choice of Lapworthella for the present comparison with
paraconodonts is mostly for the sake ofillustrating a point; its
sclerites are most similar to paraconodonts, but because
detailed morphology may not be relevant at this leve! of
comparison, any of these other forms could have been chosen.

Morphology and histology. - Lapworthella sclerites ( Fig. 6A-B; see
also Matthews 1 973 for examples of morphological varia
bility) range from broadly pyramidal to narrowly conical. In
most speeies there are very pronounced annulations as well as
finer growth lines present ( Fig. 6C ) . A section through a
speeimen of L. dentata Missarzhevsky 1 969 ( Fig. 6D-E) shows
that the fine growth lines correspond to a fine lamination,
confirming that growth took place by basal-internal accre
tion. Under a petrographie microscope, the walls in this
speeies are seen to be made up of highly birefringent apatite
with c axes aligned parallei to the growth axis of the sclerite.
The etching pattern ( Fig. 6E) suggests very small (in the size
order of tenths of micrometres) isodiametric crystallites; there
is no sign of acicular structures .
Discussion. - In general terms, Lapworthella sclerites resemble
paraconodont elements in gross morphology, composition
and inferred external mode offormation. The main differences
are the p.ronounced surface sculpture and lack ofbasal growth

Fig. 6. Sclerites of Lapworthella dentata Missarzhevsky, Achchagyj
Kyyry-Taas, River Lena, Yakutia, Transitional ' Formation' , 3rd
Member (upper Atdabanian or lower Lenian ) . DA. Sample M49/ l 06
(V. V. Missarzhevsky) . x 60. SMNH No. X2092. D B. Same sample as
A. x 30. SMNH No. X2093 . D e . Detail of B. x 200. OD. S a mple
Sib73- I -SB. Longitudinal section, polish ed and etched. Position of E
indicated . X 200. SMNH No. X2094. D E. Detail of D. X I 500.
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increments deposited on the outside. None of the similarities
are necessarily indicative of close relationship ( they are
common features of external sclerites) , and the differences
indicate a significant difference in function at least: Lapwor
thelIa sclerites were probably passive protective devices ( the
sculpture would have interfered with an active function as
teeth or graspers) whereas paraconodont elements, judging
both from their morphology and their probable homology
with euconodont elements, most likely were mouth parts.
Nevertheless, at first an evolutionary transition between the
two does not seem entirely unlikely - it could be regarded as a
process analogous to the odontode-tooth transition in verte
brates ( cf. 0rvig 1 9 7 7 ) . In the absence ofplausible transitional
forms leading to paraconodonts (contrast the state of the
evidence bearing on the paraconodont-euconodont transi
tion) both the hypothesis ofa protoconodont ancestry and that
of a Lapworthella ancestry (as well as other alternative hypoth
eses) of paraconodonts must be evaluated along less direct
lines of evidence. Such indirect evidence, however, seems to
favour protoconodont rather than Lapworthella ancestry:
( 1 ) Although in terms of shift of growth loci the adj ustment
to the paraconodont mode is about the same from both
protoconodonts and Lapworthella, the derivation of a para
conodont apparatus from a protoconodont apparatus would
be considerably simpler in terms of arrangement and pro bable
function than its derivation from the sclerite armour of
Lapworthella.
(2) Various lines of evidence suggest that the euconodont
animal was an active nektic or planktic predator (e.g. Seddon
& Sweet 1 9 7 1 ; ] eppsson 1 979; Briggs, Clarkson & Aldridge
1 983) . This is much more in keeping with a derivation from the
chaetognath-like protoconodonts (Szaniawski 1 982) than
from Lapworthella, which with its heavy mai I of sclerites was
probably a sluggish or sessile benthic organism.
These considerations would not contradict a more distant
relationship between Lapworthella with relatives on one side
and the conodonts on the other, for example the sharing of a
close common ancestor. However, at the level of comparison
the similarities only amount to such general characters as the
presence of external phosphatic sclerites, and at present there
seems to be no practical possibility of testing any such
hypothesis.

Glher conodonl-like fossils
The remaining C ambrian conodont-like fossils to be discussed
here are too poorly known to play a role in the evaluation of the
proto-para-euconodont evolutionary mod el . They indicate
areas where more investigation is needed and also serve as a
reminder that more fossils with some bearing on the conodont
problem may yet turn up in the C ambrian.
Odontogriphus omalus Conway Morris 1 976 is represented by
a single specimen with preserved soft-tissue remains in the
Middle Cam brian Burgess Shale. The specimen has been
described in great detail by Conway Morris ( 1 976) who
interpreted it as a paraconodont animal in keeping with the
hypothesis advanced by Lindstriim ( 1 9 7 3 , 1 974) , that cono
dont elements were tentacle supports in a lophophorate-like
animal. The presumed conodont elements in the specimen
are, however, toa poorly preserved to be identified as
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paraconodonts or even conodont-like structures (composition
and histology are unknown, and the structures may owe their
apparent shape largely to their position between the lo bate
structures interpreted by Conway Morris as remains of
tentacles ) . The evidence for tentacles is also equivocal . Until
we can with some confidence refute or confirm the presence of
conodont elements, Odontogriphus is of very dubious relevance
to questions of the history and nature of the Conodonta . ( See
also discussions on the interpretation of Odontogriphus by
Landing 1 9 7 7 : 1 082- 1 083; Conway Morris 1 980; and ]epps
son 1 980. )
Mongolodus rostriformis Missarzhevsky 1 9 7 7 was described
from the base of the Lenian Stage of Western Mongolia
( Missarzhevsky 1 9 7 7 ) . It is represented by claw-shaped ,
curved, laterally compressed sclerites with a base strongly
expanded in the plane of curvature. The internal cavity is
large and the walls thin. There is a suggestion of' cone-in-cone'
lamellation indicating growth by basal-internal accretion,
but the histology is not known in detail. Mongolodus is possibly
related to the protoconodonts , but the available evidence does
not perrnit a firm evaluation of this possibility.
Yunnanodus doleres Wang & ]iang 1 980 was described (in
]iang 1 980) from phosphorite beds in the upper part of the
Meishucunian Stage in eastern Yunnan . The sclerites of this
species have a straight 'cusp' attached to a basal plate set with
irregularly arranged smaller denticles. The original composi
tion and histology are not known. ]iang ( 1 980) suggested
conodont affinity. Although Yunnanodus is vaguely conodont
like, it does not show any distinctive conodont features , and
certainly none that suggest any affinity with known Cam brian
conodonts . Some attention should be given to the possibility
that it is related instead to the Zhij initidae Qian 1 978
( = Cambroclavitidae Mambetov 1 979) , known from the
upper Atdabanian Stage of Kazakhstan ( Mambetov &
Repina 1 979; Missarzhevsky & Mambetov 1 98 1 ) and the
upper Meischucunian Stage of China ( Qian 1 9 78; Qian, C hen
& C hen 1 9 79; Luo et al. 1 982) . The sclerites of this enigmatic
group are composed ofa straight or curved 'cusp' attached to a
distinct basal plate. Finds of articulated sclerites show that
they united to form a complex palisade-like aggregate ( Mam
betov & Repina 1 979, Pl. 1 4:6, 8, 9) with no resemblance to a
conodont apparatus.
In a recent publication, C hen ( 1 982) described some new
presumed conodonts from the Meishucunian of Emei-shan,
Szechuan. Of these, Emeidus primitivus C hen 1 982 appears
morphologically similar to Protokertdna, whereas the two
serrate species of Paracanthodus Chen 1 982 are more difficult to
place in a high-level taxonomic group on the basis of the
published illustrations . The fragment of a curved rod with
three processes illustrated as 'Conodont Form A gen . et sp.
indet.' appears to have little claim to recognition as a
conodont.

A reassessment af the evalutianary madel
The search among Cambrian conodont-like fossils has not
yielded a more likely ancestor for the euconodonts than a
paraconodont, or a more likely ancestor for the paraconodonts
than a protoconodont. Rhombocomiculum may be envisaged as
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derived from a protoconodon t, but not itself as a paraconodon t
ancestor. Fomitchella cannot be envisaged as a protoconodont
or a paraconodont ancestor, and hardly even as an ancestor of
the simplest euconodonts (Proconodontus and Miller's new
genus) - and if it were an ancestor of other conodonts this
would falsify not only the evolutionary mode! under assess
ment, but also the identification of almost all Cambrian
conodonts, induding the earliest euconodonts. Lapworthella
(or another animal with external phosphatic protective
sderites) can be envisaged as a paraconodont ancestor, but
much less easily so than any protoconodont.
Thus the proto--para-euconodont model has passed the test
in good condition: any alternative interpretation of the
phylogenetic relationships of Cambrian conodont-like fossils
appears less probable than the one shown in Fig. 7. The
remaining possibilities that either euconodonts or paracono
donts (or both) evolved directly from other, perhaps unknown,
forms, are more difficult to assess . That euconodonts should
not be derived from paraconodonts seems very unlikely, but
the possibility will be further appraised in the current work on
the histology of the apparent transitional forms. Paraconodont
derivation from something other than a protoconodon t is more
of a possibility. At present it can on ly be assessed indirectly,
through the way in which the implications of the protocono
dont mod el are compatible with new evidence. these implica
tions can be made considerably more specific and testable by
reference to the proposed dose affinity between Cambrian
protoconodonts and modem chaetognaths (Szaniawski
1 982) .
It should be noted that a simple list of character similarities between
two groups does not suffice for systematie purposes. Comparisons
with other groups, both those closely related (to exclude similarities
due to symplesiomorphy) and those more distantly related (to rule out
similarities due to convergence) are required . In the case of grasping
spines it has not yet been shown whether structures similar to those
found in chaetognaths and protoconodonts may also occur by
convergenee in cuticular spines or teeth of other groups (e.g.
priapulids, acanthocephalans, gymnosomatous pteropods) . How
ever, the available evidence certainly supports Szaniawski's proposal,
and the fibrous structure of Protohertzina reported herein serves to
strengthen the case.

Chaetognath grasping spines sit laterally on the head of the
animal, weU outside the mouth. The action of the grasping
apparatus is weU integrated with the action of the whole head
in feeding (Kuhl 1 932) , and it is obvious that the morphologi
cally more complex conodonts could not have functioned in an
identical way. Neverthe!ess, the evolutionary model under
consideration postulates that no radical change in function is
necessary to explain the burgeoning of conodont element
morphology in the early Ordovician (Bengtson 1 9 76:202 ) .
J eppsson ( 1 979) has pointed t o a num ber o fanalogie s between
euconodont elements and teeth (sensu lato) in various groups of
animals (and induded reference to structures that had
previously been quoted as arguments against a tooth function
of conodont elements ) , which suggest similarities offunction .
( See Conway Morris 1 980; Jeppsson 1 980; Bengtson 1 980,
1 983; and Briggs, Clarkson & Aldridge 1 983 for a recent
discussion of the tooth mod el versus the tentade-support model
of conodont function.)
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Fig. 7. Proposed phylogenetic relationships of Cam brian conodont
like fossils diseussed in the text. Proto-, para- and euconodonts
informally grouped as taxa. Bars show known stratigraphic ranges of
'taxa'. Unbroken lines indicate proposed evolutionary lineages;
broken lines indicate possible but insufficiently corroborated lineages .
Fomitchella and Yunnanodus are thus shown as independently derived
from Vendian ancestors, whereas the possibility of a near common
ancestry for Lapworthella (and ;other related forms) and protocono
donts is indicated by the divergence of broken lines.

Three central predictions of the hypotheses in question
appear to have been verified by the recent discovery in the
Scottish C arboniferous of a conodont animal with preserved
soft parts (Briggs, Clarkson & Aldridge 1 983 ) :
( I ) Contrary to customary reconstructions (e.g. Rhodes &
Austin 1 98 1 ) , an apparatus with ramiform and pectiniform
elements should have the ramiform, not the pectiniform,
elements anteriormost Geppsson 1 97 1 : 1 0 1 , 1 20, Fig. 4) .
(2) The conodont apparatus, when not in function, should
be stored in a retracted resting position (Bengtson 1 9 76 : 203;
jeppsson 1 979: 1 67- 1 68) .
( 3 ) The euconodont animal should show chaetognath
affinities ( Repetski & Szaniawski 1 98 1 ) .
The first two predictions have been confirm ed by the
Scottish animal (Bengtson 1 983 ) . The suggestion of verifica
tion of the third one can be challenged, in that the chaeto
gnath-like characters seen in the Scottish animal are not
exclusive!y indicative of chaetognath affinity, and there is one
feature - the oblique (possibly V-shaped) regularly repeated
structures in the posterior part of the trunk - that cannot easily
be matched with any known chaetognath character. In a
chordate mode! they could represent myotomes ( Briggs ,
Clarkson & Aldridge 1 98 3 : 1 0 ) ; in a chaetognath model they
could possibly be cuticular bandings or gonad structures, but
both of these interpretations offer problems . Further finds are
not likely to solve this problem directly (although gonad
structures may be expected to show varying development in
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different individua1s depending on the stage of maturity) , but
might, one would hope, provide an answer to the important
question of the orientation of the animal . Ifthe Scottish animal
has a dorso-ventrally flattened chaetognath-type tail, further
finds should show the symmetry of the (lateral) fins; if it has a
late rally flattened chordate-type tail, the asymmetry of the
(sagittal) fins is likely to show up as a consistent pattern . It
should be kept in mind , however, that the conodont animals
may yet show significant deviations from the body plan oftheir
elosest living relative; thus fin morphology may not be
conelusive evidence against either chordate or chaetognath
affinity .
The question of conodont affinity is thus unresolved even by
the find in the C arboniferous of Scotland, but there are now
sufficient grounds for developing the proto-para-euconodont
model around the possibility of chaetognath affinity . The
mod el can then be reformulated as follows :
( 1 ) Predatory chaetognaths first appeared no later than at
the Vendian-Cambrian transition . They were equipped with
a grasping apparatus of essentially modern aspect. Individual
spines, the protoconodont elements, were at least in some
cases mineralized with calcium phosphate.
(2) No later than early middle C ambrian a branch of the
chaetognath stock evolved, characterized by a robust denticu
lation around the mouth or in the pharynx. The individual
dentieles, the paraconodont elements, were derived either
from the lateral spines or from a weaker denticulation around
the mouth of the ancestor (cf. the teeth of modern chaeto
gnaths ) . The dentieles were deeply invested in the epithelium
of the mouth-pharynx, and grew during the course of the
animal's ontogeny by secretion ofmineralized tissue from this
epithelium. They were partly or wholly enveloped in epithelial
folds when the animal was not feeding and the pharynx was in
a constricted resting position.
(3) In the middle late C ambrian there appeared forms in
which the secretionary activity of the pharyngeal epithelium
in the folds around the dentieles created favourable conditions
for deposition of a thin apatite crust on the free surface of the
den ti eie during periods when the pharynx was not expanded
for feeding. Dentieles so invested were the first euconodont
elements .
(4) Soon after the first appearance of this new tissue - the
crown - it began to be utilized for more complex constructional
needs. Initially it forrned cutting edges (keels) , then it took
over more and more of the construction of the cusp. This
involved increasing biological control of the formation of the
tissue, probably through an increasingly structured organic
matrix. As the plastic potential of this new mode of growth
began to be realized ( Bengtson 1 9 76 : 202 ) , the euconodont
elements grew more complicated, and the enfold ing of the
pharynx into the rest position became increasingly complex.
This change was accompanied by a diversification of feeding
habits and life modes, but the dentieles, the euconodont
elements, continued to function as teeth (sensu lata; Jeppsson
1 979) .
In regard to the systematic position of the Conodonta, the model
outlined allies them dosely to the Phylum Chaetognatha, but as
formulated here it does not touch on the interesting possibility of a

dose relationship between chaetognaths and chordates. Ifone accepts
that taxonomic groups may be paraphyletic (i.e. if one is not an ardent
cf�dist) it is possible to argu e for a separate paraconodont-eucono
dont Phylum Conodonta, derived from the protoconodont Phylum
Chaetognatha. But with regard to the total phenotype, the presence or
absence of pharyngeal denticulation is only a detail, and if further
finds of well-preserved conodont animals were to confirm dose
adherence to a chaetognath body plan, the Conodonta would be better
placed as a subphylum or dass within the Phylum Chaetognatha.

This mod el is sufficiently specific to be both informative and
testable. Unfortunately for the latter aspect, however, it
suggests that there may be an evolutionary discontinuity
between the protoconodont and paraconodont elements, in
that the latter may not have evolved from the former, but from
histologically similar but morphologically different structures
nearer to the mouth. Thus there may be no prospect offinding
an evolutionary series between these two types of elements
(and there is no evidence that any speeies was provided with
both protoconodont grasping spines and paraconodont denti
eles) . Nevertheless, in other respects the model allows elear
inferences on the early evolution of conodont elements and
their histogenesis. It preeludes the possibility that the primary
mineralized tissue of conodont elements was forrned by cells
homologous to vertebrate osteogenic cells; any mesodermally
deri ved mineralized tissue would have had to be secondarily
added to the primarily ectodermal elements. (The recent
suggestion by Barskov, Moskalenko & Starostina 1 982 that
vertebrate bony tissue is present in Ordovician conodonts
would ne ed to be strengthened - with regard to the conodont
nature of their speeimens of Coleodus as well as to the
morphology and identity of the alleged cavities after osteo
cytes, osteoblasts and osteoelasts - before it would offer any
threat to the idea that conodont elements were derived from an
ectodermal epithelium.) It further suggests that element
morphology in euconodonts may be analyzed specifically in
terms of ( l ) function in the manipulation of prey, (2) storage
within a collapsed pharynx, and ( 3 ) growth within epithelial
folds.
Questions concerning the origin and early evolution of
conodonts can thus be seen to be in continuous association
with the wide spectrum of problems of euconodont biology .
Many answers to the current problems of the early history of
conodonts, ineluding the further testing of the evolutionary
mod el presented here, are likely to come from improved
insights into the nature of post-Cambrian conodonts.
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Patterns and proeesses in conodont evolution :
a prospectus
THOMAS W. BROADHEAD

Since their discovery, conodonts have become highly regarded as
useful biostratigraphic tools, and correlation may always be the
principal raison d'etre of conodont work. More recently, multielement
taxonomic concepts and examinations of paleoecologic controls seem
to have lent tru ly organismal status to conodonts, now dimaxed by the
discovery of the new conod6ht animal (Briggs, Clarks on & Aldridge
1 983) . E� aminations of conodont evolution have been largely
restricted to the determination of phylogenetic relationships, usually as
a codominant or subordinate theme to biostratigraphy (e.g. Sweet &
Bergstrom 1 98 1 ; Bergstriim 1 982; Fåhraeus 1 982) .
Abundant stratigraphic and geographie distributional data are
available for conodonts in many parts of the geologic column. These
data lend themselves to a doser examination of conodont evolution,
namely recognition of patterns and proeesses of morphologic change.

Such recognition, however, is heavily dependent on severai kinds of
data, including ( I ) precise stratigraphic limits ofrange, (2) ontogene
tie development and (3) range and kind of intraspecific variation.
Stratigraphic data must be precise to document the extent of local
teilzones and show physical stratigraphic relations between supposed
ancestor and descendant speeies. The answerable questions become:
I s there stratigraphic overlap? At all occurrences? The answers
suggest patterns of lineage branching, if present, and possible
dispersal gradients of newly developed morphotypes (see, e.g.,
Fåhraeus 1 982) . Single collections 'ch.aracteristic' ofentire formations
or large intervals ( 'bag biostratigraphy' of W. C. Sweet, 1 982,
personal communication) are grossly inadequate.
Detailed knowledge of ontogenetic development of discrete cono
dont elements is vital to the recognition, not on ly of ancestor-
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descendant relationships, but also of the timing of natural selection
favoring morphologic change. Heterochrony (see Gould 1 97 7 for an
historical review and examples) is the temporaI displacement (in
terms of ontogeny) of morphologjc features recognized at other stages
of development in ancestors or descendants. Recapitulation com
monly produces an increase in morphologic complexity by selection
for features developing in later ontogenetic stages (e.g., serration
denticulation in Histiodelta, McHargue 1 982; the fourth row ofnodes in
Pygodus anserinus) . A high degree of resemblance may mark the two
taxa related in this manner.
Larger-scale morphologic 'shifts' more likely may be due to
paedomorphosis, heterochrony that tends to preserve j uvenile mor
phologic features throughout ontogeny. The derivation of Icriodus
from Pedavis (Broadhead & McComb 1 983) presents a striking
example of paedomorphosis, also possibly shown in the origin of
Rhachistognathus minutus from R. muricatus in the Carboniferous ( Lane &
Baesemann 1 982) . Another possible paedomorphic development, but
one which evolved severai times in on ly distantly related lineages, is
the development of widely spaced discrete denticles of ram iform
elements from ancestors with more closely spaced or even confluent
denticles. Because selection can become vigorous beginning at early
ontogenetic stages to sele et against adult elaborative features, success
ful paedomorphs may develop within only one or a few generations,
presenting a virtual instantaneous 'j ump' in morphology definitive of
a generic or higher-Ievel taxon.
Even without an abundance of ontogenetic data, we can still
propose phylogenetic relationships between speeies, genera and so on,
but to be confident we must ask the answerable: When does
morphologic change originate during ontogeny?
Much has been said about the manner in which speeies originate
and by which evolutionary change proceeds. Such topics can be
approached from studies of conodonts, but not without a firm
knowledge of the kinds of intraspecific variation (subspecies as
utilized by most biostratigraphers mostly fall outside biologic defini
tions of the term ) . Morphologic variation may be considered to be
either discrete or continuous, both of which lend themselves to
measurement and thus statistical manipulation.
Morphologic characteristics that exhibit continuous intraspecific
variation will tend to be the only features observed to evolve
phyletically. Even in extremely closely stratigraphically spaced
samples, statistical means may show a continuous directional change.
Continuously varying features include amount of lateral ex pans ion
and depths of basal cavities, lengths of proeesses, lateral and
longitudinal dimensions of all elements (e.g., platform length in
Gondolelta mombergensis, Dzik & Trammer 1 980; height/length ratio in
Histiodelta elements, McHargue 1 982) and heights of cusps and
denticles .
Although features that exhibit continuous variation may evolve
continuously (phyletically) , they may also evolve in a punctuational
mode (sensu Eldredge & Gould 1 972) . Determination of evolutionary
made for aspects of a character's continuous variation demands
extreme precision and close spacing in stratigraphic sampling in
ad dition to thorough documentation of geographie distribution.
The discrete or discontinuous variation exhibited by conodont
elements is best express ed in terms ofpresence and absenee offeatures.
Denticle number might at first appear to be part of the range of
continuous variation because variation within a sample may show a
complete and continuous range ofintegral values for denticle num ber
(e.g. in Gondolelta mombergensis, Dzik & Trammer 1 980) . The discon
tinuous nature of this variation, however, commonly involves the
presenee or absenee of one or more denticles but may exhibit
continuous change where changes in denticle num ber are associated

with increasing/decreasing height at added/removed denticle posi
tions . Additionally, other features that may more commonly vary
continuously (e.g. process length) may also be observed to vary
discontinuously.
Evolution of discretely varying features will manifest itself as step
like morphologic shifts of various magnitudes that are of different
significanee to the taxonomist. Although these changes are essentially
punctuated, those that represent a change in the mean of widely
varying populations may exhibit a shift through a large num ber of
successive generations that appears to be essentially phyletic. In
contrast, larger-scale change that occurs in o ne or a small nu mber of
generations has a larger apparent punctuated component. Successful
modifications (e.g. Icriodus woschmidti) may then have achieved
virtually instantaneous dispersal enhancing even their biostrati
graphi c utility.
Conodonts have the potential to provide examples of evolutionary
patterns and processes that may surpass all other fossil metazoans.
Benefits accruing from careful examination of evolutionary patterns
and proeesses extend not only to understand ing why so many spe eies
are useful in biostratigraphy but also to interpretations of the effects of
recognized environmental changes on morphology.
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Szaniawski, Hubert 1 983 1 2 1 5 : Structure of protoconodont elements . Fossils and Strata, No. 1 5,
pp. 2 1 -2 7 . Oslo. ISSN 0300--9 49 1 . ISBN 82-0006737-8.
T h e internal structure of t h e elements of 'Prooneotodus ' tenuis ( Miiller 1 959) a n d o f some other
protoconodont elements has been investigated under the optical microscope, scanning electron
microscope and transmission electron microscope. The elements are constructed of three layers :
thin outer organic cover, thick laminated organo-phosphatic middle layer and thin, faintly
laminated organic inner layer. The original structure of the organic matrix is not well preserved .
The outer layer is interpreted as a cuticle and the inner as a secreting layer of epidermis.
Comparison of structural details of protoconodont elements with grasping spines of Recent
C haetognatha shows their great similarity although there is no definite evidence oftheir identity.
I t is suggested that it is not the whole element of protoconodonts but only their inner or/and
middle layer that should be homologized with the basal plate of euconodonts. D Conodonta,
protoconodonts, Chaetognatha, structure, Upper Cambrian.
Hubert Szaniawski, Department ofPaleobiology, Polish Academy ofSciences, Al. Zwirki i Wigury 93, 02-089
Warszawa, Poland; 10th November, 1982.

Protoconodonts are an informal group of marine animals of
which only the organo-phosphatic, spinose elements are
known as microfossils, commonly occurring from the Upper
Precambrian to the Lower Ordovician. Protoconodonts are
usually assigned to Paraconodontida Muller but their
elements differ from typical elements of paraconodonts in the
mode of growth ( Bengtson 1 9 76) . Because the group is
distinguished on the base of structural features , only those
speeies can be regarded as protoconodonts in which such
features have been checked by means of special structural
investigations. Therefore at present on ly Amphigeisina daniea
( Poulsen 1 966) , Gapparodus bisulcatus ( Muller 1 959) ,
'Prooneotodus ' tenuis ( M uller 1 959) , Gapparodus heckeri
(Abaimova 1 9 7 8 ) , 'Prooneotodus ' savitzkyi (Abaimova 1 978) ,
Protohertzina anabarica Missarzhevsky 1 9 7 3 , P. unguliformis
Missarzhevsky 1 9 7 3 , and P. cultrata Missarzhevsky 1 9 7 7 can
be referred to the group. However, it is most probable that
many more species belong to it.
The probable relations hi P of protoconodonts to Recent
C haetognatha ( Szaniawski 1 980a, 1 982; Repetski &
Szaniawski 1 98 1 ; Bengtson 1 98 3 ) and also their possible
affinity with paraconodonts and euconodonts ( Bengtson
1 9 76, 1 97 7 ) makes this group of microfossils very interes-ting.
A better understanding of its systematic position may possi
bly be reached by structural and comparative-anatomical
studies.
Published information on the s tructure of protoconodont
elements is based on optical microscope and SEM investiga
tions ( Muller 1 959; Muller & Nogami 1 9 7 1 , 1 9 7 2 ; Bengtson
1 9 76, 1 9 7 7 , 1 983; Landing 1 9 7 7 ; Repetski 1 980; Szaniawski
1 980a, 1 982; Andres 1 98 1 ) . In the present study TEM has also
been applied in order to produce more information on the
organic matrix. TEM investigations of protoconodont ele
ments are technically very difficult, but nevertheless easier
than in the case of conodont elements because they contain

much more organic material . The results ofthe new investiga
tions have helped to provide for more detailed comparison of
protoconodont elements and the grasping spines of modem
chaetognaths.

Material and methods
The studies were made mostly on 'Prooneotodus ' tenuis ( M uller)
material obtained from the U pper C am brian in borehole cores
from northern Poland. Some speeimens of Gapparodus sp. from
the same locality and specimens of Gapparodus heckeri
Abaimova and 'Prooneotodus ' savitzkyi (Abaimova) from the
Upper C ambrian of C entral Kazakhstan ( material kindly
made available for study by Galina P. Abaimova, Novo
sibirsk) were also examined.
Most of the specimens from Poland are black in colour.
They were processed from black or dark bituminous lime
stones forrned in an anoxic environment. The specimens
possess well-preserved organic material and retain their shape
even after complete demineralization in mineral acids. In
lighter-coloured rocks one usually finds lighter-coloured
elements containing much less organic matter. Such elements
are much more easily destroyed in acid. The investigated
specimens are comparatively well preserved, although their
original structure is somewhat changed by recrystallization
and secondary mineralization .
The following preparation procedures have been applied :
For optical microscope observations : a - thin sections of
specimens embedded in original limes tone matrix, b - thin
sections of orientated specimens embedded in an epoxy resin .
For SEM studies : a - fractured untreated specimens, b fractured and etched specimens, c - etched sections of
specimens embedded in epoxy resin, d - etched sections made
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Fig. 1. Schematic longitudinal (A) and cross (B) sections of an element of 'Prooneotodus ' tenuis (Miiller) with secondary mineralization as usually
preserved in the Upper Cambrian limestones of the Baltic region; il - inner layer, ism - intern al secondary mineralization, ml - midd le layer,
ol - outer layer, orz - organic-rich zone of the midd le layer, smz - secondarily mineralized zone of the middle layer.

with an ultramicrotome. For etching, different methods were
used depending on the state of preservation.
For TEM studies : oriented ultramicrotome sections of
demineralized specimens, prepared with a diamond knife and
not stained . Different methods of staining were tried but none
gave good results . Demineralization was done with strong
HN03 and H F .
The collection investigated is housed in t h e Institute of
Paleobiology of the Polish Academy of Sciences (abbreviated
as ZPAL ) .

Description o f the pres erved s tructure
Earlier investigations have shown that protoconodont ele
ments were made of phosphate and organic material, possess a
three-Iayered structure, grew by basal-internal accretion and
have their main, midd le layer laminated ( Bengtson 1 976,
1 9 7 7 ; Szaniawski 1 982) . New s tudies make it possible to
present more detailed structural descriptions, especially of the
relationship between the organic and mineral components.
However, the original structure of the organic matrix is still
not well known because of diagenetic changes . The
generalized structure of 'Prooneotodus ' tenuis elements as pre
served in the Upper Cam brian limestone of the Baltic region is
illustrated in Fig. l .
The outer layer is composed of compact structureless
organic matter. It is comparatively thin and its thickness
seems to be approximately constant along the entire length of
the element. The outer organic layer is rarely well preserved
because it is less resistant than the rest of the specimen and
thus detaches from the underlying layer easily ( Figs. 3A, 5 ) . In
some specimens the ou ter layer is secondarily mineralized

with phosphate or pyrite. Often it is covered or replaced by a
secondary phosphatic overgrowth ( Fig. 2 B ) .
The midd le layer is constructed of phosphatic crystallites
and organic matrix ( Figs . 5 , 6, 7) . The thickness of the layer
rapidly decreases in the basal part ofthe specimens . The layer
is faintly laminated . This lamination is clearly visible in thin
sections studied under the optical microscope and in etched
sections observed with SEM ( Fig. 4B) but it can hardly be
noticed in ultra-thin sections studied in TEM. This is because
the interlamellar spaces known in the elemen ts of euconodonts
do not exist here. Also the lamination is not caused by
alternation of pure organic and phosphatic laminae but rather
only by laminae more and less rich in organic matter ( Fig. 6B) .
The new laminae are added at the basal-internal surface
(Bengtson 1 976, 1 97 7 ) . Phosphatic crystallites are very fine,
usually irregular in shape, and irregularly distributed in the
organic matrix (Figs . 5, 7 ) . However, in some specimens the
crystallites are more regularly elongated ( Fig. 4A) and are
arranged sub-parallel to the layer surface ( Fig. 6C ) . The
organic matrix toa is more regular in some specimens and
forms thin sheets and enveloping individual crystallites . In
most of the studied elements from the Baltic region the midd le
layer can be divided into two zones ( Figs . 2C, 5A, 6A) . The
outer zone is usually the better preserved, contains much more
organic material, and is more clearly laminated. The inner
zone is strongly secondarily mineralized with calcite, phos
phate and pyrite. In some specimens grains of amorphous
matter also occur there. C rystallites developed during the
mineralization are comparatively coarse ( Fig. 6A) . The
transition from the outer to the inner zone is usually gradual.
Development of the inner zone depends very much on the
preservation of the particular specimen involved .
The inner layer is very thin but nevertheless thicker than the
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Fig. 2. Broken and etched elements of 'Prooneotodus' tenuis; explanations
as for Fig. I ; SEM. DA. Cross section of the element; ZPAL C . IV / 1 53 ;
X 480. D B . Fragment of a cross section o f a n element with secondary
phosphatic overgrowth; ZPAL C. IV / 1 593; X 1 000. DC. Fragment of
a cross section showing lamination of the inner layer and secondary
mineralization on both sides; ZPAL C . I 1 1 562; x 2000.
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Fig. 3. Etched sections of 'Prooneotodus ' tenuis elements; explanations as
for Fig. I ; SEM. DA. Fragment of a longitudinal section of a broken
and etched element; ZPAL C . IV/ 1 59 7 . x 900. D B . Fragment of an
oblique section of a polished and etched element in its original
limes tone matrix; ZPAL C . IV/ 1 558; X 450. DC. Fragment of an
element embedded in epoxy resin, longitudinally sectioned and
etched; part of the inner layer removed to show structure of the middle
layer; ZPAL C . IV / 1 6 1 5; X 1 000.
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Fig. 4. Different preparations of 'Prooneolodus ' lenuis elements; explana
tions as for Fig. l ; SEM. DA. Incomplete cross section through distal
part of an element embedded in epoxy resin. The element was
sectioned with an ultramicrotome and etched . Note elongate apatite
crystallites pulled out of the organic matrix; ZPAL C . IV/ l 607;
x 1 500. DB. Fragment ofan etched internal surface ofthe middle l �yer
showing its lamination and porosity. Inner layer removed; ZPAL C .
IV / 1 6 1 6; x 1 000. D C . Cross section o fa n element polished and etched
in its original limestone matrix. Middle layer dissolved; ZPAL C . IV /
1 560; x 300.

outer one ( Figs. 2 , 3A, 5 ) . I ts thickness decreases slightly
toward the base. This layer also is composed of organic matter
and phosphate crystallites, but organic matter predominates
( Figs . SA, 6A) and most probably the layer was originally
exclusively organic. The layer is laminated but has only a few
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Fig. 5. Ultramicrotome cross sections through distal part of a
demineralized element of 'Prooneolodus ' lenuis; white - empty space,
dark - undissolved amorphous material ( mainly organic) , black spots
- undissolved mineral crystals (pyrite?) ; explanations as for Fig. I ;
TEM. DA. Almost complete cross section of the element . Internal
cavity partly filled with amorphous material; X 1 200. DB. Detail of A,
X 7000. D C. Fragment of another cross section of the same element,
X 1 8,000.

laminae which are so faint that usually they cannot be
recognized under the optical microscope . They are best seen in
etched sections observed under SEM ( Figs . 2A, C, 3B) . On
both the inn er and the outer side the inner layer is usually
covered with secondary mineralization, which is often pyritic
( Fig. 2C ) . It is probably because ofthis mineralization that the
inner layer is the most resistant part of the whole element. It is
often the only remnant of a specimen.
The internal cavity extends almost all the way to the tip ofan
element. Usually it is filled with sediment and often with pyrite
and secondary phosphate.
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Fig. 7. Ultramicrotome sections of 'Prooneotodus ' tenuis elements;
explanations as for Fig. I; TEM. DA. Fragment of a longitudinal
section showing irregular shape and arrangement of apati te crystal
lites in the midd le layer. Outer layer not completely preserved;
X 1 3 ,SOO. D B. Fragment of the middle layer in cross section showing
distribution of apatite crystallites and their outline in seciion;
x 4S,000.

their midd le layer usually dissolves (Fig. 4C ) . At many
localities where 'P. ' tenuis elements occur, only the secondarily
phosphatized inner and outer layers, separated by a gap filled
with sediment, are preserved. Such a mode of preservation is
seen in the clusters described by Tipnis & C hatterton ( 1 9 79) .

Comparisons and interpretations

Fig. 6. Ultramicrotome sections of 'Prooneotodus ' tenuis elements;
explanations as for Fig. I ; TEM. DA. Fragment of a cross section.
Outer layer not preserved . Middle and inner layers secondarily
mineralized; x 4000. DB. Fragment ofa longitudinal section showing
lamination of the middle layer. Outer layer not completely preserved;
X 1 3,SOO. De. Fragment of a longitudinal section showing elongation
of apatite crystallites in an organic-rich zone of the middle layer and
undissolved mineral crystals (pyrite?) in the secondarily mineralized
zone of the midd le layer; x 1 4,000.

The described state of preservation of the structure of 'P. '
tenuis elements refers to speeimens preserved having black
colour. Lighter-coloured speeimens contain much less organic
matter. After brief etching of such specimens in 2-3 % HCI

I t is now possible to make a somewhat more detailed
comparison of protoconodont elements with on the one hand,
grasping spines of Recent Chaetognatha and, on the other,
elements of para- and euconodonts .
It has previously been thought that the main difference
between protoconodont elements and chaetognath spines is in
their chemical compositions, because the modem spines are
chitinous and the fossil forms are phosphatic. Although Clark
& Miller ( 1 969) established by means of electron-probe
analyses that elements of Gapparodus contain an admixture of
organic material, and Bengtson ( 1 976) suggested that the
admixture in primitive protoconodont elements is high, it has
not been demonstrated until now that the organic matter was
originally the main constituent of protoconodont elements .
However, the original relation.s hip of organic material to
phosphate is still not well known.
Chaetognath spines consist of three layers : a thin cuticular
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Fig. 8. Microtome cross section of a grasping spine of the Recent
chaetognath Sagitta maxima Conant; explanations as for Fig. I ; light
microscope photograph ( the same specimen was illustrated in
Szaniawski 1 982:809) ; ZPAL C . IV/ 1 700; x 1 000.

outer layer, a thick, fibrous, laminated middle layer and an
again thin epidermal layer (Fig. 8) . The chemical composi
tions of the layers are most probably distinct because the outer
cuticle is comparatively easily damaged with KOH solution
whereas the fibrous layer is not. The cuticular layer, as far as it
is known, is structureless, as is the outer layer of protocono
dont elements. Homology of the layers seems very probable.
The midd le layer of chaetognath grasping spines has fibrous
structure but the fibrils are arranged in fine lamellae. Definite
fibrils have not been found in 'P. ' tenuis elements, although
some preparations suggest their possible presence (Fig. 3e ) .
According to Bengtson ( 1 983) the elements of early pro
toconodonts, Protohertzina unguliformis and P. anabarica, have a
fibrous structure, but the fibrils consist of acicular apatite
crystallites . It is possible that the middle layer of 'P. ' tenuis
elements originally possessed fibrous structure which has
be en damaged during the diagenesis. The secondarily
mineralized zone of the middle layer probably developed as a
result of contraction of the organic inner layer and filling of the
empty space with mineral solutions which later impregnated
also the inner part of the middle layer.
The inner layer of chaetognath grasping spines is formed of
a stratified secreting layer of epidermis . This layer is probably
homologous with the inner layer of protoconodont elements.
The pyritic mineralization of protoconodont elements and
especially of their inner layer is understandable when one
takes into account the fact that the pyrite usually forms as
organic material decays in anoxic conditions.
A possible structural difference between chaetognath
spines and protoconodont elements lies in the fact that the
middle layer in chaetognath spines is interrupted along their
edge (Fig. 8 ) , whereas in cross sections of the maj ority of the
'P. ' tenuis elements investigated the middle layer appears as a
complete ring. However, some sections of 'P. ' lenuis elements
suggest that their middle layer ori �inally had interruptions of
the same kind as seen in modem forms (Fig. 2A) . Some early
protoconodonts, e.g. Amphigeisina daniea, have all three layers
interrupted in the basal part of the element (Bengtson 1 976) .
Structural investigations completed at present . do not
provide definite proof of a protoconodont-chaetognath rela
tionship, however, they do supply some arguments supporting
this hypothesis and, what is also important, they have
produced nothing that would contradict such a hypothesis .
A thorough comparison ofprotoconodont elements with the
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elements of para- and euconodonts was made by Bengtson
( 1 976) . Here only some questions of possible homologies will
be discussed. All euconodont elements are composed of two
parts, the element proper and a basal plate. Both parts grew by
buter accretion of continuously developed laminae (Miiller &
Nogami 1 97 1 ) . The basal plate, which contains much more
organic matter, usually has been considered as a probable
homologue of the complete protoconodont and paraconodont
elements (Bengtson 1 976; Szaniawski 1 980b: 1 1 6; Andres
1 98 1 ; Miiller 1 98 1 ) . Now, know'ing that the protoconodont
elements are constructed of three different layers, it seems
doubtful that the entire elements can be strictly homologous to
the one-Iayered basal plate of the euconodont elements. If any
homology between proto- para- and euconodont element
exists, it seems more probable that it is between euconodont
basal plates, paraconodont elements without their outer
organic cover, and the inner or/and middle layer of pro
toconodont elements .
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A preliminary conodont sequence from Cambrian to Triassic has been recognized in China in
recent years, totalling 1 04 conodont lon es or Assemblage lones (Cambrian-9, Ordovician-22,
Silurian-9, Devonian-26, Carboniferous-I I , Permian-8, Triassic- 1 9 ) . Primitive Lower and
Middle Cam brian conodonts have been found. Monocostodus sevierensis or Cordylodus intermedius may
be selected as a marker for the beginning of the Ordovician. Two endemie conodont lon es in the
Lower Silurian have been established. Devonian conodont lones are exactly the same as those in
Europe. Polygnathus costatus partitus and Palmatolepis disparilis have been proposed as defining the
beginning of the Middle and U pper Devonian, respectively. There are still many gaps in our
knowledge of the Carboniferous conodont sequence. The Changhsing Limestone is considered to
be the highest horizon of the Permian. Anchignathodus parvus may be a marker for the beginning of
the Triassic. D Conodonta, biostratigraphy, Cambrian, Ordovician, Silurian, Devonian, Carboniferous,
China.
Wang Cheng-yuan & Wang Zhi-hao, Nanjing Institute of Geology and Palaeontology, Academia Siniea,
Nanjing, China; 11th April 1982 (revised 1983 03 01) .

The serious study of conodonts in C hina has begun only in the
last decade. However, the geological significanee of conodonts
has been fully realized by geologists and palaeontologists
throughout C hina, who pay more attention to these microfos
sils than ever before. At present, there are more than a
hundred conodont workers in C hina, most of whom work on
geological surveying teams and in oil exploration, using
conodonts for dating strata. Some encouraging achievements,
especially in conodont biostratigraphy, have been made, and a
preliminary conodont sequence of the Cambrian to Triassic in
China has be en established. The recognition of the sequence
lays a foundation for further research. At present, a com
prehensive study of conodonts, including conodont classifica
tion, palaeoecology, palaeobiogeography and the application
of the CAI (Conodont C olor Alteration Index) etc . , is lfeing
carried out. Based on the data available, this paper outlines
the con odont sequence of the Cambrian-Triassic in China
(including 1 04 conodont zones ) . The present authors sum
marized the conodont sequence in China and published it in
Chinese ( 1 98 1 a) . Some new information has been added in
this paper as some achievements in conodont study in China
have be en made in the past two years.

C ambrian
The first report on Cambrian conodonts in China was that of
Nogami ( 1 966, 1 967) , who described the conodonts recovered
from the Kushan formation (Iower Upper Cambrian) in
Shandong and the Fengshan Formation in Liaoning. Recently
our knowledge of C ambrian conodonts in China has been
rapidly advanced . In the Lower Cambrian some protocono
donts, such as Protolurtzina anabarica and P. robustus, have been
found in the Meishucun Formation in Central and Southwest
C hina by Qian ( 1 97 7 ) and Cnen ( 1 982) . Middle and Upper

Cam brian conodont zones have been established by An
( 1 982) , Yao ( 1 982) and Wang Z . -h . ( 1 983, MS) :
Upper Cambrian
Fengshan Formation
9 Cordylodus proavus lone
8 Proconodontus lone
(c) Cambrooistodus minutus Subzone
(b) Eoconodontus notchpeakensis Subzone
(a) Proconodontus muell�ri Subzone
7 Proconodontus muelleri lone
Changshan Formation
6 Westergaardodina alT. fossa - Prooneotodus rotundatus Assemblage
lone
5 Muellerodus? erectus lone
Gushan Formation
4 Westergaardodina matsushitai lone
3 Westergaardodina orygma lo ne
Middle Cam brian
lhangxia Formation
2 Shandongodus priscus lone
l Laiwugnathus laiwuensis lone

The problem concerning the C ambrian-Ordovician bound
ary remains a dispute in China. There are two alternative
suggestions that the Cambrian-Ordovician boundary should
be drawn either at the first appearence of Monocostodus
sevierensis ( Miller) or the first appearance of Cordylodus inter
medius Furnish. These questions have been diseussed by, inter
alia, An & Vang ( 1 980) , An ( 1 98 1 ) , and Wang Z.-h. & Luo
( 1 982) .

Ordovician
A review of the Ordovician System of C hina was published by
Lai et al. ( 1 979) . Ordovician conodonts are extremely abun
dant and diversified both in North and South C hina. In South
China the following conodont zones have been found by An et
al. ( 1 98 1 ) , An & Ding ( 1 982) and Ni ( 1 98 1 ) :
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Upper Ordavician
Mufeng Farmatian (na canadant zone erected)
Linxiang Farmatian (na canadant zane erected)
Baata Farmatian
22 Protopanderodus injlectus Zane
21 lcriodella baotaensis Zane
20 Hamarodus europaeus Zane
Middle Ordavician
Miaapa Farmatian
19 Amorphognathus cf. tvaerensis Zane
18 Pygodus anserinus Zane
1 7 Pygodus serra Zane
Guniutan Farmatian
16 Eoplacognathus reelinatus Zane
15 Eoplacognathus foliaceus Zane
14 Eoplacognathus suecicus Zane
13 Eoplacognathus variabilis Zane
12 Eoplacognathus pseudopianus Zane
Lawer part af Guniutan Farmatian and Upper part af Dawan
Farmatian
I I Amorphognathus antivariabilis Zane
Lawer Ordavician
Dawan Farmatian
10 Baltoniodus alT. navis Zane
9 Paroistodus originalis Zane
8 Periodonjlabellum - Oistodus alT. cornutiformis Assemblage Zane
·
7 Oepikodus evae Zane
Hunghuayuan Farmatian
6 Serratognathus diversus Zane
Fenxiang Farmatian
5 Drepanodus deltifer Zane
Nanjinguan Farmatian
4 Scolopodus paucicostatus Zane
3 Scolopodus quadraplicatus Zane
2 Acanthodus costatus Zane
Upper part af Sanyaudang Farmatian and lawer part af Nanjin
guan Farmatian
I Monocostodus sevierensis Zane

According to An ( 1 983) , Zhou Z. -y. et al. ( 1 983) and Wang Z . 
h. ( 1 983, MS ) , the Ordovician conodont zones in North China
can be recognized as follows :
U pper Ordavician
Taaqupa Farmatian
1 7 Yaoxianognathus yaoxianensis Zane
Yaaxian Farmatian
16 Tashmanognathus shichuanheensis Zane
15 Tashmanognathus borealis - T. gracilis Assemblage Zane
Middle Ordavician
Fenfeng Farmatian
14 Tashmanognathus sishuiensis - Microcoelodus Assemblage Zane
Majiagau Farmatian
13 Aurilobodus serratus Zane
1 2 Plectodina onychodonta Zane
I I Eoplacognathus suecicus - Acontiodus? linxiensis Assemblage Zane
10 unnarned canadant zone
Lawer Ordavician
Beianzhuang Farmatian
9 Tangshanodus tangshanensis Zane
8 Aurilobodus leptosomatus - Loxodus discectus Assemblage Zane
Liangjiashan Farmatian
7 Paraserratognathus paltodiformis Zane
6 Serratognathus extensus Zane
5 Serratognathus bilobatus Zane
4 Scalpellodus tersus Zane
Yehli Farmatian
3 Chosonodina herfurthi - Scolopodus quadraplicatus Assemblage
Zane
2 Cordylodus angulatus - C. rotundatus Assem blage Zane
I Cordylodus intermedius Zane

Silurian
A review of the Silurian System of C hina was published by
Lin ( 1 979) . Zhou X . -y. , Zhai & Xi an ( 1 98 1 ) have published
an article on Lower Silurian conodonts from Guizhou Pro
vince. They have established three conodont assemblage
zones and two interval zones . Some Middle to Upper Silurian
conodonts were recovered from Gansu, Yunnan and Tibet by
Wang C .-y . ( 1 980, 1 982) and Wang C. -y. & Ziegler ( 1 983a) .
The Silurian conodont zonation in China can be summarized
as follows :
Upper Silurian
9 Ozarkodina remseheidensis eosteinhornensis Zane
8 Ozarkodina crispa Zane
Middle Silurian
7 Kockelella variabilis Zane
6 Kockelella ranuliformis Zane
5 Pterosphathodus amorphognathoides Zane ( Interval Zane B af
Zhau, Zhai & Xi an 1 98 1 )
Lawer Silurian
4 Pterosphathodus cello ni Zane
3 'Spathognathodus ' parahassi - 'S' quizhouensis Assemblage Zane
2 Interval Zane A
I 'Spathognathodus ' obesus Zane
=

Devonian
The Devonian conodont sequence of C hina has been investi
gated by Wang C .-y. & Wang Z . -h. ( l 978a, b, 1 98 1 a) , Bai et al.
( 1 980) and Wang. C . -y. & Ziegler ( 1 983b) . All conodont
zones, except the Icriodus woschmidti Zone which was found in
Sichuan and Yunnan ( Qin & Gan 1 976; Wang C . -y. 1 98 1 a, b . ;
Tan, Dong & Qin 1 982) , were recognized in Guangxi. Many
problems con cerning the subdivision and correlation of
different facies of Devonian strata in South China have been
solved by means of conodonts (Wang C .-y. et al. 1 9 79) .
Recently, in the geosynclinal region of North C hina, Devonian
conodonts have been found (Wang C .-y. & Ziegler 1 98 1 ) ,
providing reliable evidence for correlation of Devonian strata
in North and South China. The Devonian conodont zonation
in China can be summarized in the following table (Wang C . 
y. & Ziegler 1 983b: Wang C . -y. 1 983, MS) . I t is exactly the
same as in Europe and in North America. Because of the
absence of upper Gedinnian to lower Siegenian marine
deposits in Guangxi, conodonts from this interval have not
been found . Polygnathus costatus partitus and Palmatolepis dis
parilis have be en proposed as index fossils for the Lower Middle and Middle - Upper Devonian boundaries, resp ec
tively (Wang C .-y. & Ziegler 1 983b) . A review of the Devonian
System of China was given by Hou ( 1 979) .
Upper Devanian
Famennian
26 Protognathodus Fauna
25 Bispathodus costatus Zane
24 Polygnathus sryriacus Zane
23 Scaphignathus ve/ifer Zane
22 Palmatolepis marginifera Zane
21 Palmatolepis rhomboidea Zane
20 Palmatolepis crepida Zane
Frasnian
19 Palmatolepis triangularis Zane
18 Palmatolepis gigas Zane
1 7� Ancyrognathus triangularis Zane
16 Polygnathus asymmetrieus Zane
1 5 Palmatolepis disparilis Zane
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Middle Devanian
Givetian
14 Schmidtognathus hermanni - P. cristatus Zane
1 3 Polygnathus varcus Zane
1 2b Polygnathus xylus ensensis Zane ( upper part)
Eifelian
1 2a Polygnathus xylus ensensis Zane (Iawer part)
I I Tortodus kockelianus kockelianus Zane
10 Tortodus kockelianus australis Zane
9 Polygnathus costatus costatus Zane
8 Polygnathus costatus partitus Zane
Lawer Devanian
Emsian
7 Polygnathus costatus patulus Zane
6 Polygnathus serotinus Zane
5 Polygnathus inversus Zane
5 Polygnathus inversus Zane
4 Polygnathus perbonus Zane
3 Polygnathus dehiscens Zane
Siegenian
2 Eognathodus sulcatus Zane
Gedinnian
I lcriodus woschmidti woschmidti Zane

C arboniferous
The first report on Carboniferous conodonts in C hina was
written by Wang C . -y. ( 1 974) . Afterwards, Wang C . -y. &
Wang Z.-h. ( 1 978b) , Wang C .-y. ( 1 979) , Zhao Z . -x. ( 1 979,
MS) , Zhao S . -y. ( 1 98 1 ) , Wang Z.-h. & Li ( 1 982, MS) , Wang
Z.-h. & Wang C .-y. ( 1 98 3 ) , Wang Z . -h . & Zhang ( 1 983, MS) .
Wang C . -y. & Ziegler ( 1 983a) and Vang ( 1 983, MS) have
done research on Carboniferous conodonts from Guizhou,
Shanxi, Henan, Guangxi and Tibet. On the basis of somewhat
limited data, the following conodont Zones or Assemblage
Zones can be recognized:
Upper Carbaniferous
I I Streptognathodus elongatus Zane
10 Streptognathodus oppletus - S. elegantulus Assemblage Zane
9 Streptognathodus parvus - S. suberectus Assemblage Zane
8 ldiognathodus delicatus - Neognathodus bassleri Assemblage Zane
7 ldiognathoides corrugatus - Polygnathodella? ouachitensis Assemb-

lage Zane
6 ldiognathoides noduliferus Zane
Lawer Carbaniferaus
5 Gnathodus bilineatus - G. nodosus Assemblage Zane
4 Gnathodus cuneiformis - Gnathodus typicus Assem blage Zane
3 Polygnathus bischoffi Zane
2 Siphonodella duplicata Zane
I Siphonodella sulcata Zane

Permian
Ching ( 1 960) made the first important report on Lower
Permian conodonts in C hina. In 1 9 74, Wang C .-y described
and figured some Permian conodonts from the C hihsia and
Maokou Formations ofSichuan. Wang Z.-h. ( 1 978) published
an article on Per mi an conodonts from the Maokou and
Wuchiaping Formations of Shaanxi Province, providing the
first report on Sweetognathus han;:;hongensis, NeogondolelIa liang
shanensis, N. aserrata and other important Permian conodont
species. Later, Wang C .-y. & Wang Z.-h. ( 1 98 I a, b) published
on the conodonts from the C hanghsing Formation of Zhe
j iang Province; the Changhsing Limestone is considered to be
the highest horizon of the Permian . As a res ult of this work, a
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preliminary Permian conodont succession has been estab
lished, though it is rather incomplete (Wang C. -y. & Wang
Z.-h. 1 98 I c) .
U pper Permian
Changhsing Stage
8 NeogondolelIa dejlecta - N. subcarinata changxingensis Assem bl age
Zane
7 NeogondolelIa subcarinata subcarinata - N. s. elongata Assemblage
Zane
Wuchiaping S tage
6 NeogondolelIa orientalis Zane
5 NeogondolelIa liangshanensis - N. bitteri Assemblage Zane
Lawer Permian
Maakau Stage
4 Sweetognathus han;;:hongensis - N. aserrata Assemblage Zane
Chihsia stage
3 NeogondolelIa idahoensis - N. serrata Assemblage Zane
2 Neostreptognathodus pequopensis - N. sulcaplicatus Assem blage
Zane
I Neogondol�lla bisselli - Sweetognathus whitei Assem blage Zane

Triassic
The first report on Triassic conodonts in China was made by
Wang C . -y. & Wang Z . -h . ( 1 976) . Later, Wang Z . -h. ( 1 978,
1 980, 1 982) , Wang Z . -h . & Dai ( 1 98 1 ) , Wang Z.-h. & Cao
( 1 98 1 ) published a,rticles on the Triassic conodonts from
Sichuan, Hubei, Shaanxi, and Guizhou Provinces . Recently,
some Upper Triassic conodonts have been found in West
Yunnan by Wang Z . -h . & Dong ( 1 983, MS) . On the basis of
present information, the Triassic conodont sequence in China
can be summarized briefly as follows :
Upper Triassic
Rhaetian
Na canadants have been faund
Narian
19 Epigondolella postera Zane
1 8 Epigondolella abneptis Zane
1 7 Epigondolella cf. primitia Zane
Carnian
16 NeogondolelIa polygnathiformis Zane
Middle Triassic
Ladinian
15 NeogondolelIa excelsa Fauna
Anisian
14 NeogondolelIa constricta Zane
1 3 Neospathodus germanicus c.N. kockeli Assemblage Zane
12 NeogondolelIa regale Zane
Lawer Triassic
Olenikian
I l Neospathodus timorensis Zane
10 Pachycladina - Neospathodus homeri Assemblage Zane
9 NeogondolelIa jubata Zane
8 Neospathodus? collinsoni Zane
7 Platyvillosus costatus Zane
6 Neospathodus waageni Zane
5 Neospathodus pakistanensis Zane
Indusian
4 Neospathodus cristagalli Zane
3 Neospathodus dieneri Zane
2 Isarcicella isarcica Zane
I Anchignathodus parvus Zane

Anchignathodus parvus has been found at the base of the
Feihsienkuan Formation of the Lower Triassic in Sichuan and
Yuannan Provinces. It may be a good marker for defining the
Permian-Triassic boundary.
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Bergstr6m, Stig M . 1 983 1 2 1 5 : Biogeography, evolutionary relationships, and biostratigraphic
significance of Ordovician platform conodonts. Fossils and Strata, No. 1 5, pp. 35-58. Oslo.
ISSN 0300-949 1 . ISBN 82-000673 7-8.
Fewer than 1 5 of the nearly 1 00 currently recognized Ordovician conodont genera have platform
elements in the apparatus, but these are ofspecial interest because they represent the oldest such
types known and they include some types ofplatform developments not known in younger strata.
Eight ofthese genera have their origin and main occurrence in the North Atlantic Province, three
in the Midcontinent Province, and three are present in both provinces . The data at hand suggest
that es peci all y during Middle Ordovician time, some North Atlantic Province platform taxa
invaded parts of the Midcontinent Province, but there is much less evidence ofsuch migrations in
the opposite direction. Five evolutionary lineages are recognized and discussed (those of
Amorphognathus, Cahabagnathus nom. nov . , Eoplaeognathus, Ieriodella, and Pygodus) and other genera
( Complexodus, Nerieodus, Polonodus, Prattognathus n. gen . , Rhodesognathus, Sagittodontina, Scyphiodus,
and Serratognathus) are dealt with in less detail. Species of Amorphognathus, Cahabagnathus,
Eoplaeognathus, and Pygodus are of major biostratigraphic significance but most other taxa are
either toa long-ranging or toa restricted in their distribution to be useful biostratigraphically.
Two new generic designations ( Cahabagnathus, Prattognathus) and three new species ( Cahaba
gnathus eha;;,yensis, C. eamesi, Pygodus anitae) are proposed. D Conodonta, platform eonodonts,
biostratigraphy, biogeography, euolution, Ordouieian.
Stig M. Bergstrom, Department of Geology & Mineralogy, The Ohio State Uniuersiry, 125 S. Oual Mali,
Columbus, Ohio 43210, USA; 20th Oetober, 1982.

A decade ago, at the 1 9 7 1 Marburg Symposium on Conodont
Taxonomy, I reviewed some new data bearing on the morphol
ogy and phylogenetic relationships of Middle and Upper
Ordovician platform conodonts ( Bergstrom 1 9 7 1 c) . For vari
ous reasons, especially the need to get additional supportive
materials, most of that information has remained unpub
lished, and on the basis ofadditional collections and other data
now at hand, some of my 1 9 7 1 interpretations have been
modified . The purpose of the present study is to summarize
data that bear on the biogeography, evolution, mutual
relationships, and biostratigraphic significanee ofOrdovician
platform conodonts . It may be particularly appropriate to
attempt such a summary at this time because the recently
published revised conodont volume of the Treatise on Inverte
brate Paleontolog) (Clark et al. 1 98 1 ) does not address most of the
matters to be diseussed below.
Different authors have given a somewhat different scope to
the admittedly somewhat vague term 'platform conodont' .
' Platform' was recently ( Sweet 1 98 1 ) defined as a 'laterally
produced shelflike structure flanking a proeess . . . ', and in the
present contribution, I use the term 'platform conodont' in a
rather broad sense for conodonts having platformlike ele
ments; thus I include both Nericodus Lindstrom 1 955 (which
has no distinct processes) and Serratognathus Lee 1 970 (which is
bas ed on alate ramiform elements with platformlike lateral
proeesses) among the platform conodonts. On the other hand,
I do not regard Prioniodus (Baltoniodus) Lindstrom 1 97 1 as a

platform conodont genus although it includes some species
(e.g. P. (B.) gerdae Bergstrom 1 97 1 ) in which one element has a
platformlike posterior process. All in all, I here recognize 1 2
previously named genera of Ordovician platform conodonts,
namely Amorphognathus Branson & Mehl 1 93 3 , Complexodus
Dzik 1 976, Eoplacognathus Hamar 1 966, Icriodella Rhodes 1 953,
Nericodus Lindstrom 1 955, Polonodus Dzik 1 976, Polyplaco
gnathus Stauffer 1 935, Pygodus Lamont & Lindstrom 1 95 7 ,
Rhodesognathus Bergstrom & Sweet 1 966, Sagittodontina
Knupfer 1 967, Scyphiodus Stauffer 1 935, and Serratognathus Lee
1 970. In addition, I am aware of the existence ofseveral other
types ofplatform conodonts that appear distinctive enough to
merit generic recognition, and two of these, Cahabagnathus
nom. nov. and Prattognathus n. gen. , are named III this
contribution .
One problem confronting everyone who is carrying out
studies related to the vertical distribution ofOrdovician fossils
on a world-wide scale is the current uncertainty of the precise
chronostratigraphic relations between units in the successions
on different continents. Although considerable progress has
been made in recent years in establishing long-distance
correlations ofOrdovician rocks, alternate interpretations are
still being proposed, especially in the case of the lower half of
the system, and it may take years before conclusive evidence
becomes available to settle some of these problems . In the
present contribution, I have followed the graptolite-conodont
biostratigraphy set forth in a re cent paper (Bergstrom 1 983) ,
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and I use the terms Lower, Middle, and Upper Ordovician in
the sense of the Bal toscandic Oelandian, Viruan, and Harj uan
Series . For convenience, the British series designations have
been employed; the base of the Middle Ordovician is taken to
be in the middle Llanvirnian, and that of the Upper Ordovi
cian in the upper C aradocian.

Scope of study
Extensive studies during the last three decades have made
Ordovician conodonts reasonably well known in North
America and northwestern Europe, but Asian, Australian,
and South American forms have received far less study.
However, the data at hand do not suggest that there are
numerous undescribed Ordovician platform conodonts. The
interpretations and descriptions presented below are based
largely on specimens in my own collections, which have been
assembled since 1 958 from a considerable number of Iocali
ties in Europe and North America, and a few in North Africa
and The People's Republic ofC hina. I have also had full access
to large COllections of Ordovician conodonts from North
America kept at the Department of Geology and Mineralogy
at the Ohio State University, and I have examined most type
collections containing Ordovician platform conodonts in
Europe and North America. U nfortunately, I have not had the
opportunity to study specimens of a few Siberian platform
conodonts dealt with by Moskalenko ( 1 970, 1 9 7 7 ) as well as
those in other collections in the USSR, and the currently
available descriptions and illustrations are insufficient for a
proper evaluation ofsome ofthese forms, most ofwhich appear
to be unrelated to the taxa dealt with herein. Although the
oldest platform conodonts known are from strata as old as the
Tremadocian ( Lindstriim 1 955, 1 964) , this type of conodont
became common and diversified only in the Llanvirnian and
younger parts of the Ordovician. Because of this, and the fact
that the available collections of Tremadocian and Arenigian
platform conodonts are small and not very informative, my
discussion will center on post-Arenigian forms.

Provincial differen tia ti on
The vast maj ority ofthe currently known Ordovician platform
conodonts were originally described from Europe, particu
larly from the Baltoscandic-Polish region, and this area
appears to have a greater diversity ofsuch conodonts than any
other region with Ordovician deposits. In terms of the two
commonly recognized Ordovician conodont faunal provinces
( Sweet & Bergstriim 1 9 74) , North American Midcontinent
Province and the North Atlantic Province, the Ordovician
platform conodont genera are strikingly unequally dis tri
buted. That is, Cahabagnathus, Complexodus, Eoplacognathus,
Nericodus, Polonodus, Prattognathus, Pygodus, and Sagittodontina
are virtually restricted to the North Atlantic Province,
whereas only Scyphiodus, Serratognathus, and Polyplacognathus are
Midcontinent Province genera. A morphognathus, Icriodella, and
Rhodesognathus are known from numerous localities in both
provinces, and are almost cosmopolitan in their distribution;
however, A morphognathus and Icriodella are most diversified,
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and have their evolutionary onglll, III the North Atlantic
Province and may be considered more typical of the latter
province than of the Midcontinent Province. Thus, there is no
question that at the generic level, the North Atlantic Province
has the greatest diversity of platform conodonts . That this
diversity trend is even more evident at the species level is
illustrated by the fact that more than 30 platform conodont
species are known from the North Atlantic Province and fewer
than five are restricted to the other province. The reasons for
this difference are obscure and may be very complex. The
Midcontinent Province appears to have included primarily,
but not exclusively, shallow-water environments in the tropi
cal zone whereas the North Atlantic Province seems to have
occupied mainly temperate and arctic latitudes where its
conodont biotas became preserved in rocks representing a
very wide range of depth environments . Interestingly, the
greatest diversity ofplatform conodonts in the latter province
was in off-shore subtidal environments, in many cases on
continental-shelf margins, and these environments are also
characterized by a high diversity of platform conodonts in
some other geologic periods, for instance, the Devonian. Quite
clearly, the data at hand support the idea that the Ordovician
platform-condont distribution pattern is a conspicuous excep
tion to the well-known rule that tropical faunas generally are
characterized by a considerably higher species diversity than
the temperate--arctic ones .

Migration patterns
A discussion of the distribution of Ordovician platform
conodonts in time and space should clearly address the
question of distribution cen ters and patterns of migration at
both the species and genus levels . Regrettably, the current lack
ofa reliable base map of the Ordovician regional paleogeogra
phy prevents proper illustration ofthese matters but pertinent
data are discussed below .
As noted below, the stratigraphically oldest known pl at
form conodont, Ambalodus n. sp. ofLindstriim ( 1 955) from the
upper Tremadocian of Sweden, is similar to an element of
Eoplacognathus and it may well be interpreted as an ancestor of
the latter genus. Be this as it may, the data at hand suggest that
the center of diversification of Eoplacognathus was in the
Baltoscandic area, where at least seven species appeared
during Llanvirnian through Llandeilian time, and represen
tatives of these are regularly, and in many cases quite
commonly, represented in most lower Middle Ordovician
samples . The only known other area with an early (Arenigian
Llanvirnian) diversification of Eoplacognathus comparable to
that of the Baltoscandic region is Hubei Province in The
People's Republic of C hina ( Sheng 1 980; An 1 98 1 ) . Unfortu
nately, the Chinese taxa are not yet known in enough detail to
perrnit firm conclusions regarding their precise relations to the
Baltoscandic forms. Clearly, however, they are very similar to
and occur with many other conodont species characteristic of
Baltoscandic faunas . Outside these areas, occurrences of
representatives of Eoplacognathus are far more scattered but
some species exhibit a very wide, in some cases almost
cosmopolitan, distribution. For instance, E. suecicus is known
from Nevada ( Harris et al. 1 979) and forms similar to both E.
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foliaceus and E. reclinatus have been found, however in most
cases only rarely, in Tennessee ( Bergstrom 1 9 7 1 a; Bergstrom
& Carnes 1 976) , central Nevada, eastern New York and
Oklahoma (Harris et al. 1 979) , and Alabama ( Bergstrom
1 9 7 1 a; listed as E.Joliaceus) . Similar forms are also known from
south-central China ( Sheng 1 980; An 1 98 1 ; Ni 1 98 1 ) and the
C anning Basin of Western Australia (McTavish & Legg
1 976) . In contrast, representatives of E. robustus, although
found locally in Tennessee (Bergstrom 1 97 3 ) and possibly in
northeastern Newfoundland (Bergstrom et al. 1 974; Fåhraeus
& Hunter 1 98 1 ) , are very rare outside the Baltoscandic-Polish
region . A far wider distribution is exhibited by E. lindstroemi,
and especially by E. elongatus; in addition to its many
occurrences in Baltoscandia, the latter species is known from
Wales (Bergstrom 1 98 I a) , many localities in the Appalachians
( Bergstrom 1 97 1 a; Bergstrom & Carnes 1 976; Nowlan 1 98 1 ) ,
Oklahoma, Arkansas ( Repetski & Ethington 1 9 7 7 ) , central
Nevada (Harris et al. 1 9 79) , Pol and (Dzik 1 9 78) , and western
USSR (Drygant 1 974) . This species may possibly be the most
widespread of all those currently referred to Eoplacognathus
suggesting a maximum dispersal of the genus j ust before its
extinction.
Although the ancestor of Cahabagnathus has not been
identified with certainty, it appears that the genus had a center
of evolution in southeastern and southern USA, where it is
com mon in the lower Middle Ordovician and all known forms
are present. Representatives of the stratigraphically next
oldest species, C. friendsvillensis, occur also outside this area in
North America, for instance in New York and Quebec (Roscoe
1 9 7 3 ) , Northwest Territories in western Canada (Tipnis et al.
1 978) , and central Nevada (Harris et al. 1 979) . As far as I
know, this form is still unknown in Europe but a dosely similar
speeies was recently reported from The People's Republic of
C hina (An 1 98 1 ) . The geographically most widespread
speeies of Cahabagnathus is likely to be C. sweeti, which is known
not only from localities in much of the Appalachians but also
from Texas (Bergstrom 1 9 78) , Arkansas ( Repetski & Ething
ton 1 9 7 7 ) , southwestern Scotland (Bergstrom 1 97 1 a) , and,
from rare specimens in a very limited interval, in Norway and
Sweden (Bergstrom 1 9 7 1 a) as well as in Volyn in western
USSR (Drygant 1 974) , and Siberia (Moskalenko 1 9 7 7 ) . This
distribution pattern dearly shows a considerable expansion of
the range of the genus in Llandeilian time. The stratigraphi
cally youngest species of the Cahabagnathus lineage ( C. camesi)
has not as yet been found outside Tennessee, and the genus
might have had a very restricted geographie range before
becoming extinct.
The presence in the Baltoseandie region of not only its
apparent ancestors but also primitive species of Pygodus may
be taken as an indication that this area was a center of
diversification of that important genus. The virtually cos
mopolitan distribution of P. serra and P. anserinus, especially in
geosyndinal regions in North America ( Sweet & Bergstrom
1 974) , Scotland ( Bergstrom 1 9 7 I a) , Wales (Bergstrom
1 9 8 1 a) , the Urals ( Nasedkina & Pushkov 1 9 79) , The People's
Republic of China (Sheng 1 980; An 1 98 1 ; Ni 1 98 1 ) , New
Zealand (Sirnes 1 980) , and Australia ( Nicoll 1 980) shows
power of dispersal over huge regions . In view of this dis tri bu
tion, and the common occurrence of forms of Pygodus als o in
black shale facies, the suggestion recently put forward by
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Fåhraeus & Hunter ( 1 98 1 ) that these conodonts were benthic,
seems rather improbable. Interestingly, it appears that the
stratigraphically youngest speeies of the Pygodus lineage had a
wider geographic distribution than any other speeies of the
genus.
Another area of origin is apparently represented by
lcriodella, the oldest representatives of which are known from
the British Isles and Brittany in strata oflatest Llandeilian to
earliest Caradocian age ( Lindstrom et al. 1 974) . This genus is
not known from the Baltoseandie region in strata older than
the late Caradocian, and the genus is only rarely represented
in the Ashgillian there. In North Ameriea, the stratigraphi
cally oldest species is l. superba, which appears in Rocklandian
strata (Schopf 1 966; Roscoe 1 97 3 ) , that is, in beds co eva I with
a portion of the lower Caradocian . This speeies migrated into
the North American Midcontinent, where it is quite wide
spread, during middle to late C aradocian time and it persisted
there to the late Ashgillian ( Richmondian) . I am aware of only
one re p orted occurrence of Ordovician representatives of
lcriodella outside Europe and North Ameriea, namely in The
People's Republic of China ( Sheng 1 980) , but it would not be
surprising if occurrences were also found in other parts of Asia
and in Australia.
From available evidence (see pp. 38-40) , it appears that the
evolutionary origin of A morphognathus was in the Baltoscandic
area, where there are some Arenigian-Llanvirnian speeies not
known with certainty elsewhere. However, An ( 1 98 1 ) has
recently reported primitive forms from the People's Republic
of China that are associated with conodonts of Baltoseandie
type. Unfortunately, those platform conodonts are still not
known in enough detail to perrnit dose comparison with
Baltoseandie forms. The same applies to some forms from the
Urals described by Nasedkina & Pushkov ( 1 979) . The
Llandeilian species A. inaequalis is currently best known from
Wales (Rhodes 1 953; Bergstrom 1 964) and Brittany ( Lind
strom et al. 1 9 74) but has also been recorded from Poland (Dzik
1 976) . It may als o be present in Baltoseandia but most midd le
Middle Ordovician speeimens there are dearly A. tvaerensis.
The Siberian form referred to as A . cf. inaequalis by Moskalenko
( 1 97 7 , Pl. 8: 1 4, 1 5 ) is dearly not conspecific, and may not even
be congeneric, with Rhodes' speeies. Unlike A. inaequalis,
representatives of A . tvaerensis are widely distributed also in
North Ameriea where the speeies has been recorded in the
Appalachians ( Bergstrom 1 9 7 1 a; Bergstriim & Carnes 1 976;
Nowlan 1 98 1 ) , Oklahoma, central Nevada ( Harris et al. 1 979) ,
New York State and the Midcontinent ( Sweet & Bergstriim
1 97 1 ) . The stratigraphically younger speeies A . superbus and A .
ordovicicus have a n even wider distribution i n North Ameriea
and Europe, and the latter speeies may be regarded as
essentially cosmopolitan . From distribution data now avail
able, it seems that Amorphognathus gradually expanded its
geographie range during late Middle and Late Ordovician
time.
Most of the other Ordovician platform genera have a very
limited geographie range and exhibit no very dear migration
patterns. Yet, representatives of Complexodus are known from
Wales (Bergstrom 1 98 1 a) , the Baltoscandic-Polish-Volyn
region (Dzik 1 976) , and The People's Republic of China (An
1 98 1 ) but all these occurrences are in a narrow stratigraphic
interval in the Pygodus anserinus to lower Amorphognathus
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tvaerensis Zone. Representatives of Rhodesognathus first appear
in the lower Caradocian of the British Isles (Bergstriim 1 9 7 1 a)
and in equivalent strata in New York State and Vermont
( Schopf l 966; Roscoe 1 9 7 3 ) , and the genus expanded its range
in to much of the North American Midcontinent and the
Baltoscandic region ( Bergstriim, J. et al. 1 968) during middle
to late Caradocian time. At least in North America, it exhibits
a distribution pattern similar to that of lcriodella superba. AIso,
representatives of Rhodesognathus almost invariably occur with
specimens of Amorphognathus, which is far more widespread
than Rhodesognathus but also exhibits a striking progressive
evolution in severai features that has no counterpart in the
morphologically stable and conservative representatives of
Rhodesognathus.
Summarizing the above observations , it appears that
Amorphognathus, Eoplacognathus, and Pygodus had their evolutio
nary origin in Baltoscandia in Early and early Middle
Ordovician time, and subsequently spread from that region
into particularly the British Isles and marginal areas of North
America. Whereas the last two genera became extinct in the
early Caradocian, A morphognathus later expanded its range and
in the Late Ordovician became essentially cosmopolitan. The
distribution of these three genera in time and space also
suggests dose faunal interchange between Baltoscandia and
The People's Republic of China and, possibly, New Zealand
and the Canning Basin of Western Australia. lcriodella and
Rhodesognathus may have originated in the British Isles Brittany region, and representatives of these genera subse
quently migrated into large areas of the North American plate .
These genera are comparatively poorly represented in Balto
scandia where most occurrences are in a limited interval in the
middle to upper Caradocian. Interestingly, many of these
occurrences are associated with the invasion of North Ameri
can megafossils discussed by Jaanusson & Bergstriim
( 1 980: 92-93) , and it seems appropriate to regard both
Icriodella and Rhodesognathus as exotic elemen ts in the Baltic
conodont faunas. Cahabagnathus seems to have had a center of
evolution in eastern North America and it never became
com mon or widespread outside the North American plate
although rare specimens of one species ( C. sweeti) have been
found in Scotland, Baltoscandia, Volyn in western USSR, and
Siberia. Again, it is ofinterest to note that in Baltoscandia this
species occurs in an interval that also has representatives of the
unusual but widespread genus Complexodus and the Midconti
nent Province genus Phragmodus (Bergstriim 1 9 7 I a: 1 06 ) ,
which suggests a brief period o f long-distance faunal
exchange. Another, and marked ly stronger contemporaneous
expression ofthis may be the 'flood ' ofNorth Atlantic Province
elements, induding Pygodus and Prioniodus (Baltoniodus) , which
in early Middle Ordovician time invaded the continental
plate margins in severai parts of the world, especially around
North America.

Evolutionary lineages
Based on their vertical occurrence and evolutionary relation
ships, one can distinguish three groups of Ordovician
platform-conodont genera. One indudes Nericodus, Prattogna
thus, and Serratognathus, each ofwhich appears suddenly in the
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successlOn without any obvious ancestrai forms . Another,
which comprises Complexodus, lcriodella, Polyplacognathus, Rho
desognathus, Sagittodontina, and Scyphiodus, differs from the first
in that its genera show at least some similarity to other forms
and an evolutionary origin can be proposed. With the
exception of Icriodella, and possibly Polyplacognathus, these
genera currently indude on ly one species each. A third group
of genera indudes Amorphognathus, Cahabagnathus, Eoplacogna
thus, Polonodus, and Pygodus. Each of these genera contains more
than one species, and these species are parts of rap id ly
evolving evolutionary lineages, the ancestor of which is known
in at least some cases. Compared to the two other groups
mentioned, this group has a far wider geographic distribution
that in some cases is virtually cosmopolitan, and the genera of
this group indude many biostratigraphically important spe
cies . I t is the evolution and evolutionary relationships ofthese
taxa that are of maj or concern in the present study. For
convenience, I will first discuss each of these lineages and will
then deal with the other platform conodont genera in a
separate section.

The A MORPHOGNA THUS lineage (Fig. 1)
The upper Middle and U pper Ordovician part of this lineage,
which indudes A . tvaerensis Bergs triim 1 962, A. superbus Rhodes
1 953, and A . ordovicicus Branson & Meh1 1 933, was discussed in
some detail by Bergstriim ( 1 9 7 1 a) , who described the compo
sition of the Amorphognathus apparatus and used the species
mentioned as zonal indices in the North Atlantic Province
conodont-zone succession. Subsequent work has confirm ed
the apparatus reconstruction and the biostratigraphic signifi
cance ofthese species, but it has also added important data on
the early phylogeny of A morphognathus ( Sweet & Bergstriim
1 9 7 2 ; Lindstriim 1 9 7 7 ; Dzik 1 976) .
The idea that A morphognathus tvaerensis evolved from A .
inaequalis Rhodes 1 953 ( Bergstriim 1 97 1 a) i s supported b y new
data from Pol and (Dzik 1 976) and Great Britain ( Bergstriim
col\. ) and the ancestor of the latter species is now also dear.
Forms with an array of elements similar to that ofA . ordovicicus
are known from rocks as old as Early Ordovician. HoIodonti
form (M) elements, which are very characteristic of the
Amorphognathus apparatus, are represented by the types of
Lenodus Sergeeva from the Arenigian of the Baltic region, and
this genus has generally been interpreted as aj unior synonym
ofAmorphognathus ( Bergstriim 1 9 7 1 a, 1 98 1 b; Dzik 1 976; Lind
striim 1 9 7 7 ) . The occurrence of this type of element in the
Lower Ordovician is important because it gives a due to the
origin of A morphognathus; that is, this evidence suggests
(Lindstriim 1 964, 1 9 70, 1 97 7 ; Bergstriim 1 97 1 a; Dzik 1 976)
that A morphognathus evolved from the Prioniodus (Baltoniodus)
stock in the middle Arenigian ( Fig. 5 ) . Lindstriim ( 1 97 7 )
indicated that the non-holodontiform elements o f primitive
species of Amorphognathus such as A. falodiformis (Sergeeva)
may be dosely similar to those of Prioniodus (Baltoniodus) navis
Lindstriim but the morphological differences, if any, have not
yet been described. At any rate, only minor morphological
modification is needed to derive the holodontiform (M)
element of the former species from the oistodontiform element
of the latter, and there is iittle doubt that the ancestor of
Amorphognathus is in the Prioniodus (Baltoniodus) stock.
Although known in its main features, the pattern of
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Fig. 1. Suggested evolutionary relationships and known stratigraphic
ranges of taxa of the A morphognathus and lcriodella lineages and of
Sagittodontina, Complexodus, Rhodesognathus, Scyphiodus, and Polyplaco
gnathus. Only key elements in the apparatuses are illustrated . The

LINEAGE

boxes mark the approximate stratigraphic position of the illustrated
specimen (s) . Abbreviations of subzonal designations are as follows :

zonal framework is that ofBergstriim ( 1 9 7 1 a) and Liifgren ( i 978) with
minor modifications. As in the other diagrams, horizontal lines from

va-jl, A . variabilis-M.jlabellum; va-o.:;, A . variabilis-M. o.:;arkodella; su-gr,
E. suecicus-S. gracilis; su-su, E. suecicus-P. sulcatus; fo, E. foliaceus; re, E.
reclinatus; TO, E. robustus; li, E. lindstroemi; ki, A . kieleensis; in, A .
inaequalis; va, P . (B.) variabilis; ge, P . (B.) gerdae; al, P . (B.) alobatus.

evolution exhibited by A morphognathus in the Llanvirnian and
Llandeilian is still not safely established in all details . For
instance, Liifgren ( 1 978) records observations in support of
the interpretation that a Swedish form identified as A . variabilis
Sergeeva has an apparatus composed of only two types of

platform elements and, accordingly, is closely similar to that of
Eoplacognathus (cf. p. 4 1 ) . A different opinion is express ed
by Dzik ( 1 976) and Lindstriim ( 1 9 7 7 ) who include seven types
of elements in the apparatus of A. variabilis and , with
j ustification, regard this as a typical A morphognathus ap para-

40

Stig M. Bergstrom

tus. This view is supported by the fact that platform conodont
elements strikingly similar to the types of Sergeeva's A .
variabilis occur with holodontiform (M) elements in Hubei
Province, The People's Republic of China ( Bergstriim coll . ) .
However, it appears that the only way to definitely establish
the nature of the A. variabilis apparatus is to reinvestigate
Sergeeva's type collection and, preferably, also topotype
material. Nevertheless, it is ofinterest to note that regardless of
the outcome ofsuch a study, there is evidence that there was at
least one platform conodont species, that referred to as A .
variabilis b y Dzik ( 1 976) , i n the late Arenigian - early
Llanvirnian that had an array of elements similar to that in
advanced species of Amorphognathus.
From this form Dzik ( 1 978, Fig. I ) derived a stratigraphical
ly slightly younger species, A. kielcensis Dzik 1 976, which differs
from the former species in minor details in the pastiniscaphate
(P) and holodontiform (M) elements. This species, which is
widely distributed geographically in the Baltic area but
somewhat erratic in its occurrence, ranges from strata at least
as old as about the base of the E.foliaceus Subzone in Sweden.
With its ancestor, it shares the character of having a postero
lateral process nearly as long as the posterior process and also
the tendency of developing, in mature amorphognathiform
elements, lateral expansions of especially the posterolateral
process, which bear an irregular ornamentation of small
ridges, nodes, and denticles .
An extreme case of the latter tendency, in the same position
on the pastiniscaphate element, is exhibited by Complexodus
pugionifer (Drygant 1 9 74) , type species of Complexodus Dzik
1 976. This species has a distinct anterior lo be on the postero
lateral process that in adult specimens tends to have an
irregular denticulation ( Dzik 1 978, Fig. l : 20, Pl. 1 3 :6) . In
other respects, the pastiniscaphate element of C. pugionifer, the
only type of element currently known in its apparatus, is so
reminiscent of that of A. kielcensis that it seems j ustified to
suggest that the latter species is the ancestor of Complexodus
(Fig. I ) .
A group of closely related species, including Amorphognathus
inaequalis, A . tvaerensis, A. superbus, and A . ordovicicus, forms a
lineage that extends from the upper Middle Ordovician to
near the top of the Upper Ordovician. To this group belong
also A. complicatus Rhodes 1 953 and some other, but still
incompletely known, forms such as A. lindstroemi (Serpagli
1 967) . As noted by Bergstriim ( 1 97 I a) and Dzik ( 1 976, 1 9 78) ,
the oldest species of this group, A . inaequalis, apparently
evolved into the stratigraphically next younger species, A .
tvaerensis. Morphological differences between these species are
minor but recognizable in the platform as well as the
holodontiform (M) elements ( Lindstriim 1 97 7 ; Dzik 1 976) . I
share the opinion of Dzik ( 1 976, 1 978) that A . inaequalis is
closely related to the A . variabilis of Dzik - A . kielcensis stock
and there seems to be evidence supporting the view that it
evolved directly from the latter species. Likewise, there is very
little doubt that A . tvaerensis evolved from A . inaequalis as
suggested by Bergstriim ( 1 97 1 a) .
Representatives of Amorphognathus tvaerensis, A . superbus, and
A. ordovicicus show considerable intraspecific variation and the
currently used morphologic concept of these species is rela
tively broad. Both A. tvaerensis and A. superb us, and A. superb us
and A. ordovicicus, are connected by morphological transitions,

FOSSILS AND STRATA 15 ( 1 983)

and relations between these species appear to be rather clear.
The characteristic species A. complicatus is interpreted as an
offshoot from A. superbus; apart from the simple posterolateral
process in the pastiniscaphate elements of the former species
these species are closely similar to each other. Contrary to a
recent statement by me (Bergstriim 1 98 1 b) , Amorphognathus
seems to be restricted to the Ordovician because a recent
taxonomic and stratigraphic reevaluation of some reported
Silurian occurrences of the genus failed to establish a single
reliable record in that system. AIso, among the Silurian
platform-conodont genera, none has been identified as a likely
descendant of Amorphognathus and the lineage might have
become extinct in latest Ordovician time.

The ICRIODELLA lineage (Fig. 1)
The type, and probably most com mon species, of lcriodella is l.
superba Rhodes 1 953. Since this species, and the genus, were
defined in terms of multielement taxonomy (Bergstriim &
Sweet 1 966; Webers 1 966) , only a rather limited amount of
basic new data has been published on Ordovician forms
whereas Silurian species have been discussed much more
extensively. Although l. superb a is widespread geographically
in North America and Europe and shows a certain degree of
morphological variation that has led to taxonomic splitting
(Rhodes 1 953; Orchard 1 980) , the collections studied have not
permitted the recognition of distinct evolving morphological
trends in this species.
The stratigraphically oldest representatives of lcriodella
superba known are from the Harnagian of the Welsh Border
land (Bergstriim 1 97 1 a) and Rocklandian strata in New York
State (Schopf 1 966) and Vermont (Roscoe 1 973) . Slightly
older (Costonian and possibly latest Llandeilian) strata in the
Welsh Borderland contain a distinct species (Fig. 6 A-H) that
may be conspecific with l. praecox Lindstriim, Racheboeuf &
Henry 1 9 74, which was originally described from the Middle
Ordovician ofBrittany. This form is characterized particular
ly by the fact that it has a single, rather than double row of
denticles on the anterior process of the platform element
although the other elements ofits apparatus are quite similar
to those ofl. superba . The suggestion ofLindstriim, Racheboeuf
& Henry ( 1 974) that l. praecox is the ancestor of l. superba
appears to be fully supported by the evidence at hand, and the
latter species is likely to have evolved from the former in late
Costonian or early Harnagian time in northwestern Europe
(Fig. I ) .
The ancestor of Icriodella praecox has not yet been identified .
However, the platform element of this species shows some
similarity in the development of its anterolateral process to
Amorphognathus and Prioniodus (Baltoniodus) although its rami
form elements differ from those of the latter genera not only in
the denticulation and other morphological details but also,
and probably more significantly, in the absence ofa tetraprio
niodontiform element. Bearing in mind the very close similari
ty between the two lcriodella species, I rej ect Dzik's ( 1 976:4 1 1 )
proposal that l. praecox should be referred to Prioniodus rather
than to lcriodella because ofits lack ofa double denticle row. In
m y opinion, following that suggestion would lead t o a highly
artificial taxonomy. Nevertheless, the suggestion that Icriodel
la initially evolved from a prioniodontidean ancestor appears
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as likely today as when it was proposed more than ten years ago
( Lindstrom 1 970; Sweet & Bergstrom 1 972, Fig. 3 ) .
Because the younges t reported occurrence o f lcriodella
superba is in the U pper Ordovician ( Richmondian) of the
North American Midcontinent ( Sweet & Bergstrom 1 976) , it
is evident that the speeies has a rather long vertical range.
However, as noted above, the speeies exhibits no very obvious
morphological trends through its range although it cannot be
ruled out that such trends may be masked by the considerable
intraspecific variation and by the fact that the platform
elements are suseeptible to breakage and com pl ete specimens
are uncommon. Orehard ( 1 980) described l. prominens from
the lower to middle Ashgillian of Great Britain . Although the
morphological features of that species are not entirely clear
from the original description and illustrations, it may be
conspecific with a previously unreported, but quite distinc
tive, speeies from strata of the same age in Sweden ( Bergstrom
coll . ) .
No representative of lcriodella is currently known from the
uppermost Ordovician and it is unclear if the lowermost
Silurian ( Lower Llandoverian) speeies of the genus reported
from North Ameriea ( Pollock, Rexroad , & Nicoll 1 970;
McCracken & Barnes 1 98 1 ; Nowlan 1 98 1 ) , as well as possibly
slightly stratigraphically younger forms from Great Britain
(Aldridge 1 9 72) , were derived from l. superba, l. prominens, or
both. At any rate, the Early Silurian speeies are so si mil ar to
the Ordovician ones that there can be no doubt that they
belong in the same genus. Aldridge ( 1 972) described the
vertical distribution and phylogenetic relationships of the
lcriodella speeies in the British Llandoverian and a closely
similar stratigraphic distribution pattern has recently been
found in eastern C anada (Nowlan 1 98 1 ) .
As currently known, lcriodella does not range above the
Wenlockian and the later history of the lcriodella lineage is
somewhat unclear because of the poor record of this type of
conodonts in much of the Wenlockian and the Ludlovian.
However, the Upper Silurian Pedavis Klapper & Philip 1 9 7 1 ,
Pelekysgnathus Thomas 1 949, and lcriodus Branson & Mehl
1 938 exhibit so many morphological similarities to lcriodella
that it seems j ustified to assume that these three genera are
descendants of the lcriodella lineage. Particularly striking are
the morphological changes in the ramiform elements, which
by loss of the proeesses have attained a coniform shape. It is
also of interest to note that /criodus in the Devonian exhibits a
taxonomic diversity far greater than that of any portion of the
lcriodella lineage.

The CA HABA GNA THUS lineage (Fig. 2)
The platform conodonts herein referred to Cahabagnathus nom.
nov. have been included in Polyplacognathus Stauffer 1 935 by all
previous authors except Drygant ( 1 974) , who proposed the
preoccupied generic designation Petalognathus for this group of
conodonts. Petalognathus bergstroemi Drygant 1 974, type speeies
of Drygant' s genus, is clearly a j unior synonym of Cahabagna
thus sweeti (Bergstrom 1 97 1 ) , here designated type species of
Cahabagnathus. The Middle Ordovician conodonts referred to
this genus are interpreted to represent a lineage separate from
those of other genera, and the introduction of a generic
designation appears j ustified, especially as these conodont
elements have a characteristic appearance and a wide dis tri-
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bution . For a generic diagnosis o f Cahabagnathus, see p 5 1 .
Although reported from Scotland ( Bergstrom 1 9 7 1 a) , Scandi
navia (Hamar 1 966; Bergstrom 1 9 7 I a) , the USSR (Drygant
1 974; Moskalenko 1 9 7 7 ) , and The People's Republic of China
(An 1 98 1 ) , representatives of Cahabagnathus are currently
known primarily from North Ameriea, where they are wide
spread in the lower Middle Ordovician, especially in the
Appalachians .
As shown by collections from eastern Tennessee, Virginia,
and Oklahoma, five dis tinet speeies of Cahabagnathus occur in
stratigraphic order and form an evolutionary lineage of
intergrading succes sive morphotypes (Fig. 2 ) . Illustrations of
the four youngest of these speeies and their ranges were given
by Bergstrom ( 1 973, Fig. 4) and Bergstrom & Carnes ( 1 976,
Fig. 2) but the oldest species in the lineage, Cahabagnathus n. sp.
A ( Fig. 6 Q, R) , which is currently known only from Oklaho
ma, has not been illustrated previously. Two of these speeies,
C. jriendsvillensis and C. sweeti, were named by Bergstrom
( 1 97 1 a) , and for two others, C. cha<,yensis ( Polyplacognathus
friendsvillensis-sweeti transition ofBergstrom 1 978; Fig. 6 M-P)
and C. camesi ( = P. sweeti, late form of Bergstrom & Carnes
1 9 76; Fig. 6 K-L ) , specific names are formally proposed in the
present paper.
The apparatus of Cahabagnathus n. sp. A and other speeies of
the genus is composed oftwo types ofpaired platform elements
which are stelliplanate and pastiniplanate, respectively. As
described in the systematie part of the present paper, morpho
logic evolution in the Cahabagnathus lineage can be recognized
in both ofthese element types, and is expressed primarily in the
following features ( Fig. 2) : ( I ) Gradually decreasing size, and
ultimate disappearance, of the anterior lobe of the anterolate
ral proeess in the stelliplanate element; ( 2 ) widening of the
posterior proeess of the pastiniplanate elements in adult
speeimens, which is well displayed in the transition of C.
friendsvillensis into C. cha<,yensis; and (3) a progressive change in
the appearance of the main denticle row at the j unction of the
posterior and anterior proeesses in the pastiniplanate element
as illustrated in Fig. 2. It is ofinterest to note that three of the
Cahabagnathus speeies exhibiting these changes have been
found in successive order in the same formation at three
localities, and the development of the most advanced speeies,
C. camesi, from its ancestor, C. sweeti, is documented in two
sections . Furthermore, where representatives of the Cahaba
gnathus lineage have been found at other localities in North
Ameriea and elsewhere, the order of succession of speeies is
always the same.
When searching for an ancestor of the Cahabagnathus
lineage, it is perhaps naturai to turn first to the Eoplacognathus
lineage, the other common and widespread group of early
Middle Ordovician platform conodonts . In basic morpholo
gy , the two types of elements of the oldest known speeies of
Cahabagnathus, C. n. sp. A, are not very unlike two of the four
types of elements in the apparatus of species of Eoplacognathus
such as E.foliaceus and E. reclinatus ( Fig. 2) . The Cahabagnathus
elements differ, however, in occurring in mirror-image pairs
and in having a distinet node and ridge ornamentation lateral
to the central denticle row on the upper surface of the
proeesses. It is my conclusion that these differences are more
significant than they may appear at first sight and they occur in
all growth stages . Although it cannot be ruled out completely
=
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the present state of our knowledge that the ancestor of
Cahabagnathus may belong to the Eoplacognathus lineage, no
truly intermediate form has been found to support this idea. A
potential ancestor is the E.foliaceus - E. reclinatus transition of
Harris et al. ( 1 979, Fig. 1 6 ) , which occurs with, as well as
stratigraphically below, primitive forms of the Cahabagnathus
lineage in severaI North American sections. However, even
though elements of this speeies are reminiscent in some
respeets of those of a speeies of Cahabagnathus, its apparatus has
four types of platform elements that do not occur in mirror
images, and thus, this form is referable to Eoplacognathus. I t
should also be noted that early speeies o f Cahabagnathus are
unknown in Europe, which appears to have been a center of

gnathus, only one of the paired symmetry variants of each element is

illustrated . For explanation of subzonal abbreviations, see Fig. l .

morphological diversification of Eoplacognathus. Furthermore,
there are undescribed, and still poorly known, platform
conodont elements with a surface ornamentation quite similar
to that of representatives of Cahabagnathus in the early Middle
Ordovician of North Ameriea, for instance, Gen. et sp. nov. of
Bergstriim ( 1 978, Pl. 79: 1 7) . It is quite conceivable that the
ancestor of Cahabagnathus, although not identified at the
present time, may be found among that complex of speeies ,
which oceurs lower stratigraphically than Cahabagnathus n. sp.
A. Clearly, additional studies are needed to clarify the origin of
the Cahabagnathus lineage .
In the successions studied so far, the younges t speeies of the
Cahabagnathus lineage, C. carnesi, disappears without any
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obvious descendant. Representatives of Polyplacognathus ramo
sus Stauffer 1 935 have two types of platform elements that
occur in mirror-images, and have a surface ornamentation
similar to that in species of Cahabagnathus. However, P. ramosus
has a different, and more complex, process arrangement in the
stelliplanate element, and the pastiniplanate element also
differs conspicuously from that of Cahabagnathus. Further, in
view of the fact that evolutionary trends in the Cahabagnathus
lineage are in some respects opposite to what one would expect
if it were the progenitor of Polyplacognathus, I consider it
unlikely that the latter genus has its roots in the Cahabagnathus
lineage. Other interpretations are discussed below (p. 45) .

The EOPLA COGNA THUS lineage (Fig. 2)
This lineage, which includes more species than any other
Ordovician platform conodont lineage, was recognized by
Bergstriim ( 1 97 I a) , who described six of its species on a
multielement basis, namely Eoplacognathus suecicus Bergstriim
1 9 7 1 , E. foliaceus ( Fåhraeus 1 966) , E. reclinatus ( Fåhraeus
1 966) , E. robustus Bergstriim 1 9 7 1 , E. lindstroemi (Hamar 1 962) ,
and E. elongatus ( Bergstriim 1 962) . Viira ( 1 972) discussed the
symmetry of elements of this type, and Bergstriim ( 1 973)
illustrated the range, and the four types of elements in the
apparatus, of each of five species in this lineage. Good
schematic illustrations of some element types were given by
Dzik ( 1 976, 1 9 78) who also discussed the evolutionary trends
briefly. He included E. pseudoplanus (Viira 1 974) and E.
zgierzensis Dzik 1 976, which occur in strata older than those
dealt with by Bergstriim ( 1 9 7 1 a) , in the lineage and agreed
with Bergstriim ( 1 9 7 I a) that the ancestor of the primitive
Eoplacognathus species is likely to be Amorphognathus variabilis
Sergeeva 1 963 or a closely related form. Liifgren ( 1 9 78) , in a
detailed discussion, considered E. pseudoplanus a questionable
junior synonym of E. suecicus, and expressed the opinion that
true A. variabilis is likely to have lacked ramiform elements in
the apparatus, and also in other respects to have been more
similar to Eoplacognathus than to Amorphognathus. In accordance
with this, she referred the latter species with question to
Eoplacognathus and considered it to be the oldest species in the
Eoplacognathus lineage.
A review of collections at hand and of available data from
the literature suggests that it is possible to recognize two
groups of species within the Eoplacognathus lineage. The oldest
of these, which includes E. suecicus, E. pseudoplanus, and related
forms and which is here referred to as the E. suecicus - E.
pseudoplanus species complex, is characterized by the fact that
processes of pastiniplanate elements are of subequal length
and the dextral and sinistral stelliplanate elements are in
many cases closely similar to each other. The various species
within this complex have been separated mainly on the basis of
minor differences in the mutual length of the processes and
their angles with each other.
As noted by Liifgren ( 1 9 78) , there is considerable intraspe
cific variation in both fully developed elements and between
growth stages in this species complex, and there appears to be
a virtually continuous series of transitional forms between its
morphological end members . This makes separation into well
defined taxa difficult, and the introduction of severai species
on the basis of very small collections with little, if any,
consideration of intraspecific variation has led to taxonomic
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problems, some of which have been discussed by Liifgren
( 1 978) .
Bergstriim ( 1 97 1 a) and Dzik ( 1 976) suggested that the
ancestor of early speeies of Eoplacognathus may be Amorphogna
thus variabilis or a closely similar form. As noted above, there is
still some uncertainty regarding the apparatus of the latter
species although now-available data appear to indicate that it
has a full set of ramiform elements and is a true A morphognathus.
Evolution of a typical Eoplacognathus from A . variabilis would
have involved loss of the ramiform elements but otherwise no
dras tie morphological changes, and this ancestry for Eoplaco
gnathus remains a dis tinet possibility. Alternatively, Eoplaco
gnathus might have evolved from an as-yet-unknown ancestor
without ramiform elements in the apparatus .
In discussing the origin of Eoplacognathus, it is also appropri
ate to draw attention to the fact that Linds triim ( 1 955, 1 964,
Fig. 35D) described a platform conodont quite similar to the
pastiniplanate element of Eoplacognathus from lowermost
Ordovician (upper Tremadocian) strata in south-central
Sweden ( Fig. 2 ) . Unfortunately, only a few speeimens are
known and most of them are incomplete. Although there are
undescribed platform conodonts in early and middle Arenigi
an strata in Europe and North America (Bergstriim coll . ) ,
none ofthose collected thus far represents this particular type,
and relations between the Tremadocian form and Eoplacogna
thus remain obscure. Lindstriim ( 1 964) interpreted it as a
homeomorph of Eoplacognathus, but in the present state of our
knowledge it cannot be ruled out that it may be the evolutiona
ry ancestor of the Eoplacognathus lineage.
The post-Eoplacognathus suecicus portion of the Eoplacognathus
lineage includes a series of species connected by morphologi
cal intermediates . I refer to this group of species as the E.
foliaceus - E. elongatus speeies complex. Morphological evolu
tion within this complex is expressed mainly in changes in the
mutual length , direction, and number of processes of the
platform elements (for illustrations, see Bergstriim 1 9 7 1 a,
1 9 7 3 ; Bergstriim & C arnes 1 9 76; Dzik 1 976, 1 978) . All ofthese
species have four types of morhologically different platform
elements that do not occur in mirror-images, and they are also
characterized by the very long anterior process of the pastini
planate elements (Fig. 2) .
Typical specimens of Eoplacognathusfoliaceus appear abrupt
ly in my sections and I have not seen any actual specimens, or
illus trations, of elements truly transitional between this
species and E. suecicus. Although there is a distinct morphologi
cal gap between the species mentioned, E. foliaceus can be
derived rather readily from E. suecicus, which is likely to be its
ancestor. An interesting separate lineage in the E.foliaceus - E.
elongatus species complex is represented by the still incomplete
ly known Eoplacognathus n. sp. A of Bergstriim ( 1 9 7 1 a) which
occurs in strata close to the Pygodus seTra - P. anserinus zonal
boundary in Baltoscandia ( Bergstriim 1 97 1 a) , Poland (Dzik
1 978, Fig. I : 1 3 - listed as E. l. robustus) and The People's
Republic of C hina ( Bergstriim coll.; Ni 1 98 1 ) . I interpret this
form as a descendant of E.foliaceus, or a closely related species,
and it seems to have considerable stratigraphic significance.
The youngest known species of the Eoplacognathus foliaceus 
E. elongatus complex, E. elongatus, disappeared in the early
C aradocian without leaving any obvious descendants . The
idea that Polyplacognathus Stauffer evolved from Eoplacognathus,
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Fig. 3. Suggested evolutionary relationships and known stratigraphic
ranges of taxa in the Pygodus lineage. For explanation of subzonal

abbreviations, see Fig. l . On ly one of the paired symmetry variants of
each element is illustrated .

put forward without supporting evidence by Barnes &
Fåhraeus ( 1 9 75) , is not unreasonable on morphological
grounds but as noted below (p. 45) , there are also other
possible ancestors of Polyplacognathus. It is interesting that
elements of some post-Ordovician platform conodonts have
the basic morphology of elements of Eoplacognathus. This
applies to the Early Silurian Astropentagnathus Mostler 1 967
and the Late Silurian Ancoradella Walliser 1 964 which are
similar to stelliplanate elements of Eoplacognathus in terms of
proeess organization and other morphological features . AI
though different in surface ornamentation, the Devonian
Ancyrognathus Branson & Mehl 1 934 and the Mississippian
Doliognathus Branson & Mehl 1 94 1 are reminiscent in basic
morphological plan to the pastiniplanate elements of Eoplaco
gnathus. The appearance of the apparatus is still incompletely
known in some of these genera but information currently
available (Schonlaub 1 97 1 ; Klapper & Philip 1 97 1 ) suggests

that in each case, it differs marked ly from that of Eoplacogna
thus. Accordingly, it seems very likely that the similarities
mentioned are cases of homeomorphy rather than characters
implying phylogenetic relationship, and that the Eoplacogna
thus lineage became extinct in Middle Ordovician time.

The PYGODUS lineage (Fig. 3)
One of the morphologically most distinct, and biostratigra
phically most useful, of the Ordovician platform genera is
Pygodus Lamont & Lindstrom 1 9 5 7 . Representatives of P. serra
(Hadding 1 9 1 3 ) and P. anserinus Lamont & Lindstrom 1 95 7
are present not only i n a n unusually wide range of facies but
they are also among the most widespread geographically of all
compound Ordovician conodonts.
Pygodus was discussed in some detail, and defined in terms of
multielement taxonomy, by Bergstrom ( I 9 7 I a) . Shortly after
ward, at the Marburg Symposium on Conodont Taxonomy in 1 97 1 , I
described the morphological evolution of the Pygodus lineage
and discussed its origin but my conclusions and illustrations
have not been published . On the basis of Swedish collections
very similar to mine, Lofgren ( 1 978) arrived at conclusions
that agree closely with those I presented orally in Marburg.
Some additional data supporting this interpretation have
become available subsequently but, as noted below, some
points are still unclear even ifthe general evolutionary scherne
appears rather safely established .
Information now at hand strongly suggests that the origin of
the stratigraphically oldest well-known species of Pygodus, P.
serra, can be traced back via two primitive species , here
referred to as P. anitae n. sp. and P. ? n. sp. ( Fig. 3 ) , to forms
that have been referred to Polonodus Dzik 1 9 76 in the recent
literature. The origin ofPolonodus is still uncertain but it should
be noted that fragments of primitive platform conodont
elements similar in surface sculpture and in development of
the basal cavity are not uncommon in Baltic strata as old as the
Megistaspis pianilimbata Limestone (early Arenigian) (Berg
strom coll . ) . Unfortunately, afIinities of these fragments are
obscure because no speeimen complete enough to reveal the
architecture of the platform elements of this species has been
fou n d thus far. At any rate, in cannot be ruled out that the
Polonodus lineage might extend far down in the Lower Ordovi
cian.
As presently understood , Polonodus includes a group of early
Llanvirnian platform conodonts of complex architecture
among which only one speeies, P. clivosus (Viira 1 974) , has
be en named formally . Although specimens of Polonodus have
be en collected in Estonia, Sweden, Poland, Newfoundland,
New York State, and Nevada, the total number of elements
recovered to date is small, and most of the specimens are
fragmentary . This has made it difIicult to evaluate the
intraspecific variation in species of the genus, and the
taxonomy of Polonodus is s till poorly understood . Nevertheless,
the evolution of Polonodus into Pygodus can readily be traced in
the pygodontiform elements, although there are also rather
striking morphological changes in the other elements of the
apparatus. As noted by Lofgren ( I 978) , perhaps the most
characteristic feature in this evolution is the gradual reduction
and, ultimately, the virtual disappearance of the posterior
processes in the pygodontiform element. This morphological
change is associated with a simplification in the branching of
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the anterior processes, which ultimately merge into a subtri
angular platform.
Early forms of Polonodus, such as those illustrated as P.
clivosus (Viira) by Lofgren ( 1 978, PI. 1 6 : 1 2A, 1 2B ) , have two
posterior processes that are platform-like and distinctly
shorter than the lateral and anterior on es ( Fig. 3 ) . Stratigra
phically slightly younger forms have relatively shorter poste
rior processes and two anterior processes with double denticle
rows ( Fig. 3 ) . Such elements have been referred to as Pygodus?
sp. B by LOfgren ( 1 9 78, PI. 1 6 : 2 , 3 ) and they are herein referred
to as Pygodus? n. sp. Still higher stratigraphically, there are
specimens with the posterior processes reduced to j ust a short
simple lo be pos terior to the cusp. The anterior part of these
elements consists of two confluent lobes that bear, in most
specimens, double rows of denticles ( Fig. 3 ) . I regard these
specimens as representatives of the earliest known typical
species of Pygodus, herein named Pygodus anitae n. sp. ( Fig. 6V
Z ) . Specimens of this type were illustrated as Pygodus sp. C by
Lofgren ( 1 978, PI. 1 6 : 5 , 6) . Representatives of the next
younger well-defined form, P. serra, have only three denticle
rows on the anterior platform, and this species is connected
wi th P. anitae via morphological intermediates [P. serra (early)
in Fig. 3] . As noted by Bergstrom ( 1 9 7 l a) , P. serra evolved into
P. anserinus. The latter two species, as well as P. anitae, and,
probably, the Polonodus species have at least three types of
elements in the apparatus in addition to the pygodontiform
elements ( Fig. 3 ) . These elements also underwent a rather
conspicuous evolution in the early Middle Ordovician but it
was not as rapid , and is not as easily defined morphologically,
as that of the pygodontiform elements. Evolutionary changes
in elements of these types are illustrated schematically in Fig.
3.
Pygodus anserinus, the youngest known species o f the Pygodus
lineage, apparently became extinct in the early C aradocian in
view of the fact that the stratigraphically youngest specimens
found (Bergstrom 1 97 1 a) are from the Prioniodus (B. ) gerdae
Subzone of the Amorphognathus tvaerensis Zone. There are no
other conodonts even remotely similar to Pygodus in younger
Ordovician strata, and it appears that this lineage left no
descenc;lants. The two species from the Llandoverian of the
Carnic Alps described by Walliser ( 1 964) as P. ? lenticularis and
P. lyra in all probabihty are not related to Pygodus at even the
family level. The latter species was based on elements now
interpreted (Walliser 1 972) as part of the apparatus of
Apsidognathus tuberculatus Walliser 1 964, the type species of
Apsidognathus, the apparatus of which is very different from
that of Pygodus ( Klapper 1 98 1 ) . Pygodus? lenticularis is based on
a single specimen that is morphologically rather different from
Pygodus and it can clearly be rej ected as a representative of the
latter genus. Accordingly, it appears fully j ustified to consider
these Silurian elements as, at the most, on ly homeomorphs of
the pygodontiform element of Pygodus.

Other platJorm conodonts
Severai Ordovician platform conodont genera are monospeci
fic and show httle, if any, phylogenetic evolution through the
stratigraphical intervals where they are present. Such genera
include Prattognathus, Rhodesognathus, and Scyphiodus. To this
gro u p should probably also be added Nericodus and Sagittodonti
na but, � s indicated below, these genera are currently so poorly
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known in terms of their morphology, and they have such a
restricted distribution, that there is httle basis for an evalua
tion of possible morphological trends. It is also possible that
Polyplacognathus and Serratognathus should be included in this
group although severai species have been referred to each of
these genera; however, the information at hand is insufficient
to evaluate the evolution within these genera, and in the case of
Polyplacognathus, the generic reference of some species is
questionable ( cf. p. 4 1 ) .
Species of some of the genera mentioned have a relatively
wide geographic and stratigraphic range; such species are
Rhodesognathus elegans ( Rhodes 1 953) and Polyplacognathus
ramosus Stauffer 1 935. The other genera are represented by
species with far more restricted ranges. Clearly, this decreases
the possibilities of postulating evolutionary relationships at
the generic level .
Nericodus is one of the oldes t platform conodonts known in
the geologic record but on ly a few specimens ofits type species,
N. capillamentum Lindstrom 1 955, have been found thus far and
the genus is very poorly understood . The specimens available
are all fragmentary and even basic features of their morpholo
gy and morphological variation are uncertain. Miller ( 1 980,
1 98 1 ) has recently restudied the type and other specimens,
and his suggestion that the earl y Arenigian (Paroistodus proteus
Zone) Nericodus is related at the family level to the Tremadoci
an Clavohamulus Furnish 1 938 and Hirsutodontus Miller 1 969 is
not unreasonable on morphologica I grounds . Likewise, it is
possible that Nericodus may be related to the Tremadocian
A mbalodus n. sp. Linds trom 1 95 5 . Indeed, it cannot now be
ruled out that one, or both, of the latter taxa may represent a
lineage leading to Polonodus, but supporting evidence through
much of the Arenigian is needed to prove the correctness ofthis
idea.
By contrast, rich collections have been assembled of
Polyplacognathus ramosus ( Fig. I ) , the type of Polyplacognathus,
and this species is widespread in faunas of North American
Midcontinent type through much of the upper Middle
Ordovician [Faunas 6 through 10 of Sweet et al. ( 1 9 7 1 ) ; cf.
Sweet & Bergstrom 1 9 76] . Compared to many other Ordovi
cian platform conodonts, this species exhibits a great morpho
logical stability throughout its range, and evolving morpholo
gical features suitable for further taxonomic discrimination
have not be en recognized. Characteristically, the apparatus
includes ane type of paired stelliplanate elements and dextral
and sinistral pastiniplanate elements that are closely similar to
each other. Apparently, the apparat us lacked ramiform
elements .
In terms of element types and surface ornamentation,
Polyplacognathus is similar to Cahabagnathus. However, data at
hand do not support the idea that the former evolved from the
latter. It is also possible to derive Polyplacognathus ramosus
morphologically from advanced representatives of Eoplaco
gnathus such as E. elongatus by modification of the processes and
development of a complex and irregular surface ornamenta
tion. Yet, no transitional forms are known and I consider a
direct ancestor-descendant relationship between these gene
ra as unlikely even if it cannot be completely ruled out at the
present time ( Fig. 5 ) . Another, and perhaps more likely,
ancestor of Polyplacognathus ramosus might be present in the
complex of early Middle Ordovician platform conodonts from
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Siberia described as P. petaloides, P. sp. , and P. lingualis by
Moskalenko ( 1 970, Pl. 1 4: 2 , 3a, 3b, 4, 5) . Although her
illustrated specimens are all fragmentary and not easily
interpreted in terms of, for instance, num ber and mutual
length of the processes, it is clear that the type of basal cavity
and the general appearance and arrangement ofthe processes
are reminiscent ofthose ofP. ramosus. Furthermore, Moskalen
ko's specimens are associated with typical North American
Midcontinent Province conodonts and occur in strata that
have been correlated with the Llandeilian (Chugaeva
1 976: 286-287 ) , that is, an interval older than the earliest
known occurrences of P. ramosus, which are likely to be of early
C aradocian age. The stratigraphically youngest occurrences
of P. ramosus reported thus far are in the lower part of the
Amorphognathus superbus Zone ( Sweet & Bergstrom 1 97 1 , 1 9 76)
and the species apparently became extinct in the late Middle
Ordovician without leaving any descendants .
Representatives of Prattognathus are currently known only
from Alabama, Tennessee, and Nevada, and all occurrences
are in a rather narrow stratigraphic interval, namely the upper
part of the Pygodus serra Zone and the lower part of the P.
anserinus Zone. As interpreted herein, the apparatus of Pratto
gnathus includes two types of paired platform elements ( Figs . 2,
6S-U ) , and no additional elements are recognized as proba
ble, or possible, parts of its apparatus. Although different in
details, one of the two types of platform elements, up to now
known as Polyplacognathus stelliformis Sweet & Bergstrom 1 962
is so similar in overall appearance to the stelliplanate element
in the apparatuses of Eoplacognathus, Polyplacognathus and, in
particular, Cahabagnathus that it is quite naturai to regard it as
corresponding to that type of element in the apparatus. The
other type of platform element in the apparatus of Prattogna
thus, originally described as Polyplacognathus ru triformis Sweet &
Bergstrom 1 962 is also a stelliplanate element but it is here
interpreted as corresponding to the pastiniplanate element in
species of Cahabagnathus. Although specimens of the multiele
ment species P. rutriformis have been found in association with
representatives of Cahabagnathus friendsvillensis, the type of
stelliplanate element j ust mentioned is more similar to that of
advanced species of Cahabagnathus, such as the specimen of C.
cha;:;yensis illustrated by Bergstrom ( 1 978, Pl. 79: 1 5) , than to
that of C. friendsvillensis.
Available specimens of Prattognathus rutriformis are all quite
distinct morphologically, and no forms have been found that
are transitional with a species of Cahabagnathus or any other
early Middle Ordovician platform genus. Accordingly, the
origin of Prattognathus is enigmatic. However, based on
morphology, and its stratigraphic and geographic occurrence,
one may perhaps suggest that the ancestor of Prattognathus may
be present among some poorly known platform taxa in the
Whiterockian of North America, for instance, 'Polyplaco
gnathus' n. sp. A of Fåhraeus ( 1 970) (cf. Bergstrom 1 980, Fig.
2M) and/or Polonodus? newfoundlandensis of Stouge ( 1 980, Pl.
1 3 : 1 4- 1 6) . Both these species occur in an interval that is
considerably older than that in which P. rutriformis occurs .
The peculiar appearance of the second type of stelliplanate
element in Prattognathus rutriformis is not at all what one would
expect in the ancestor of Polyplacognathus ramosus, and the
relationships between Prattognathus and Polyplacognathus are
unclear. However, regardless of the precise nature of their
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relationship, it seems both naturai and j ustified to group these
two genera, along with Cahabagnathus and Eoplacognathus, in
Polyplacognathidae Bergstrom 1 98 1 .
The type of Rhodesognathus, R . elegans, has been recorded
from upper Middle Ordovician strata at many localities in the
North American Midcontinent and from a few in the Appala
chians and northwestern Europe. As noted by Roscoe ( 1 97 3 )
and Bergstrom ( 1 98 1 b) , i t s apparatus contains a s e t of
ramiform elements that are currently indistinguishable from
corresponding elements of the apparatus of Amorphognathus
species, which commonly occur together with representatives
of R. elegans. The form described by Dzik ( 1 976) as R. elegans
polonicus apparently lacks ramiform elements and it differs also
in other respects from typical R. elegans to the extent that it
seems j ustified to regard it as a separate species; indeed, I
hesitate to refer this form without question to Rhodesognathus.
Likewise, the form described from the Middle Ordovician of
Brittany by Lindstrom, Racheboef & Henry ( 1 974) as 'Prionio
dus' (Rhodesognathus?) n. sp. aff. Prioniodus variabilis Bergstrom
1 962 and Prioniodus gerdae Bergstrom 1 9 7 1 seems more similar
to Prioniodus (Baltoniodus) than to Rhodesognathus, particularly
in that the edge of the lateral process continues into the
anterior edge of the cusp rather than into the denticle anterior
to the cusp as is characteristic of Rhodesognathus (Bergstrom &
Sweet 1 966:392 ) .
A s currently known, Rhodesognathus ranges from the lower
Caradocian to a level well up in the Ashgillian ( Sweet &
Bergstrom 1 976) . The striking similarity between the rami
form elements of Rhodesognathus and Amorphognathus suggests
close relationship, but no transitional specimens have been
described . However, based on the admittedly incomplete data
at hand it seems reasonable to suggest that Rhodesognathus
evolved from Amorphognathus in the early Middle Ordovician
(Fig. I ) . The genus apparently became extinct in Late
Ordovician time without leaving any descendants .
Up to now, the concept of Sagittodontina has been based
solely on the fragmentary original specimens from the Upper
Ordovician of Thuringia described by Knupfer ( 1 96 7 ) . As
shown by Bergstrom & Massa (in preparation) , the type
species of Sagittodontina, S. bifurcata Kniipfer 1 96 7 , has an
apparatus of paired pastiniscaphate and pastinate elements
and an array oframiform elements of the same general types as
in species ofA morphognathus ( Fig. 4) . In the appearance ofboth
the platform and the ramiform elements, Sagittodontina is
clearly different from A morphognathus and other Ordovician
platform genera, and its relations hi ps are not clear. The
architecture ofits apparatus suggests that Sagittodontina might
have its origin in the A morphognathus lineage ( Figs . 1 , 5) but
there is no direct evidence to support this idea. An alternative
interpretation is that Sagittodontina represents a separate
evolutionary lineage from a prioniodontacean ancestor paraI
lei to that of Amorphognathus. Additional material is clearly
needed to show, which, if either, of these interpretations is
correct.
Representatives of Scyphiodus ( Figs . 1 , 5 ) , the only Middle
Ordovician platform conodont genus that appears to be
indigenous to the North American Midcontinent, are relative
ly common in severai formations there (see, for instance,
Webers 1 966 and Sweet 1 982) but attempts to reconstruct the
apparatus of S. primus Stauffer 1 935, the type and only known
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Fig. 4. Comparisan between elements in the apparatus of Sagittodontina bifurcata Knupfer 1 967 (A-G) and those ofA morphognathus tvaerensis Bergstrom

1 962 (H-P) .

species of the genus, have thus far be en unsuccessful. The fact
that no ramiform elements have been identified as regular
associates of the platform elements led Webers ( 1 966) , Sweet
& Bergstrom ( 1 97 2 ) , Sweet ( 1 982) , and Bergstrom ( 1 98 I b) to
suggest that the apparatus might have been unimembrate and
might have included only paired platform elements . These
authors also noted that apart from the platform-development
of the anterior process, Scyphiodus elements are remarkably
similar to blade-like elements in the apparatus of Bryantodina
and Plectodina, which are present in the same stratigraphic
interval.
If Scyphiodus is closely related to one, or both, ofthese genera,
it is, of course, to be expected that its ramiform elements, if
present, would be similar to those of the genera mentioned,
and there is a possibility that their true relationship has not
been recognized. This possibility should be kept in mind in
future studies of Scyphiodus-bearing samples as an alternative
to the interpretation of Scyphiodus as having a unimembrate
apparatus . Regardless of whether or not Scyphiodus had a more
complex apparatus than is apparent now, it appears likely that
this genus evolved in the Middle Ordovician from a s tock such
as Plectodina rather than from another platform conodont
lineage such as Amorphognathus, Icriodella, or Polyplacognathus to
which Scyphiodus is probably not closely related.

Patterns of evolution
It is beyond the scope of the present paper to discuss in detail
the speciation processes in Ordovician platform conodonts.
However, some of the taxa studied appear to show an
interesting pattern of evolution that warrants some brief
comments.
As shown by the summary diagram of my interpretation of
the relations between Ordovician platform conodont taxa
( Fig. 5 ) , at least five lineages can be recognized, each
apparently quite independent of the others, namely those of

Amorphognathus, Cahabagnathus, Eoplacognathus, Icriodella, and
Pygodus . In terms of evolutionary processes, these long
ranging lineages are ofparticular interest. Each includes series
of successive species showing little overlap in their individual
vertical ranges ( Fig. 1-3) . In most cases, these species are
distinguished from each other on characters in the platform
elements showing rapid evolution. Also the nonplatform
elements in the apparatuses of A morphognathus and Pygodus
exhibit evolutionary changes, and such changes in the holo
dontiform (M) elements of Amorphognathus have been used for
separating taxa at the species level . The rate of evolution
va ri ed greatly between different types of elements; some
morphologically conservative elements, such as the ramiform
S elements, may be so similar in severai species that they are
virtually indistinguishable whereas the platform and M
elements show rapid morphological change.
These conodont species lineages have a low speeies diversity
at virtually every level in the Middle and Upper Ordovician;
indeed, as shown in Fig. 5, each lineage is, as a rule,
represented by only a single species at a particular time plane.
It could perhaps be argued that this low diversity is a
taxonomic artifact caused by the use of a very broad speeies
concept. However, the concept employed does not differ
appreciably from that used in the classification of other
conodonts, and study of collections from areas widely separa
ted geographically suggests that representatives of a particu
lar genus show surprisingly little regional variation . For
instance, platform elements of the genera listed above from
East Asia and North America are, as a rule, indistinguishable
from those of Baltoscandia.
In these lineages, the common type of speciation, as
express ed by changes in morphology of the skeIetal elements,
is characterized by periods ofrather slow to almost impercep
tible morphological change, which are interrupted by relative
ly short episodes of accelerated evolution that is, in some cases,
almost explosive. In a series of samples through a section
representing such an episode, it is in many instances possible
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(for instance, the transition from Pygodus serra to P. anserinus) to
trace the gradual, but rapid, development of one species into
another through transitional morphotypes. Such a speciation
event appears to be of the same type as those described recently
in Permian and Triassic conodonts (Carr 1 982; Wardlaw
1 982 ) . Because it seems to have occurred in the same time
interval over a large region, and its geological record is
preserved in a very narrow stratigraphic interval, such an
event represents an excellent datum for regional biostrati
graphic correlation. In fact, such levels have been used as
zonal boundaries in the North Atlantic Province Middle and
Upper Ordovician conodont zone succession since its intro
duction (Bergstr6m 1 9 7 I a) .
O bviously, we have no way of knowing if the conodont
'species' we recognize in these lineages on the basis of
combinations of certain morphological characters in the
skeietal elements correspond to 'biologic' species but this is a
problem conodonts share with other fossil groups. Assuming
that our conodont taxonomy at the species level is indeed
comparable to that in extant organisms, it appears that the
much-publicized mod el involving a tree- or bushlike pattern of
evolution does not describe the evolutionary scherne I envision
for Ordovician platform conodonts very well. This scherne
seems to combine features of both of the two contras ting
concepts of speciation, phyletic gradualism and punctuated
equilibria, as they were described by Eldredge & Gould
( 1 972) . However, further studies are needed to establish the
detailed nature ofthis scherne as well as its occurrence among
other types of conodonts . Because they show rapid evolution
and can be obtained in large numbers from closely spaced
samples, conodonts are well suited for studies of speciation
processes, and further investigations ofthese matters are likely
to yield results applicable not only to conodonts but also to
other types of organisms .

Biostratigraphical remarks
The zonal scherne introduced by Bergstr6m ( 1 97 1 a) for the
Middle and Upper Ordovician of the North Atlantic Province
was based largely on taxa ofAmorphognathus, Eoplacognathus and
Pygodus, and has proved to be applicable widely in Europe and
North America as well as to successions in Asia and Australia.
Since 1 9 7 1 , many new data have become available that bear
on the biostratigraphic use ofOrdovician platform conodonts,
and some of this information is briefly discussed below.

Tremadocian and A renigian
Although An ( 1 98 1 ) recognized a Serratognathus diversus Zone
and a S. bilobatus Zone in the upper Tremadocian-Iower
Arenigian of the People's Republic of China, platform cono
donts have thus far been used very ]jttle in the Lower
Ordovician conodon t biostratigraphy . Some of the reasons for
this are that they are uncommon, not very diversified morpho
logically, and still poorly known. The appearance in the upper
Fig. 5. Summary diagram showing suggested interpretation of

evolutionary relationships ofMiddle and Upper Ordovician platform
conodon ts. Only key elemen ts of some appara tuses are ill us tra ted . For
explanation of subzonal abbreviations, see Fig. l .
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Arenigian of the first major platform conodont lineage, that of
A morphognathus, is of major biostratigraphic significance. Taxa
in the oldest part of this lineage (A . falodiformis, etc.) clearly
have potential as zonal indices but they are still toa poorly
known both in terms ofmorphology and stratigraphic range to
be useful biostratigraphically. Until recently, the oldest unit
based on Amorphognathus was the A. variabilis Zone. However,
on the basis of a new species said to be present in an interval
j ust below that of A . variabilis, An ( 1 98 1 ) introduced an A .
antivariabilis Zone. An's zonal index i s incompletely known
and the characteristics he used to separate it from A. variabilis
need further evaluation. However, if this speeies proves to be
dis tinet, it may be the direct ancestor of A. variabilis. Although
A . antivariabilis was said to be present below the interval of A .
variabilis, An ( 1 98 1 , Fig. 3 ) correlated the base of his A .
antivariabilis Zone with a level well above the base of the North
Atlantic A. variabilis Zone. No reason was given for this
somewhat surprising correlation.

Llanvirnian
SeveraI different schernes ofLlanvirnian conodont zones have
been proposed ( Sergeeva 1 966 a, b; Lindstr6m 1 97 1 ; Berg
str6m 1 9 7 1 a; Viira 1 9 74; Dzik 1 976, 1 9 78; L6fgren 1 9 78) but
because ofboth taxonomic and biostratigraphic problems, the
zonal classification has not yet been stabilized, especially in
the lower Llanvirnian where the problems cen ter round the A .
variabilis Zone. Lindstr6m ( 1 97 1 ) , Dzik ( 1 9 78) , and L6fgren
( 1 978) have each given a different scope to this unit, and even
identification of the zonal index remains problematic (for
discussion, see L6fgren 1 978:58) . In Dzik's ( 1 978) scherne, the
A . variabilis Zone is overlain by the Eoplacognathus pseudopIanus
Zone and the zonal boundary is placed at the level oftransition
of E. zgierzensis Dzik into E. pseudoplanus. Regrettably, there is
some uncertainty regarding the morphological characteristics
of E. zgierzensis because Dzik's one-sentence original descrip
tion is toa vague to perrnit definite assessment of the differen
ces in morphology between it and E. pseudoplanus, and the
illustrated holotype, which is from an erratic boulder of
indeterminable stratigraphic origin, is j ust a fragment that is
unworthy to serve as a morphological reference for the speeies
(cf. L6fgren 1 978) . Potential confusion is also introduced by
the fact that Dzik's ( 1 976, Fig. 7) drawing of reconstructed
complete specimens of E. pseudopIanus is mislabeled and
should instead be E. zgierzensis (Dzik pers . comm. 1 982) .
L6fgren ( 1 978) discussed in some detail severaI of the
problems related to the conodont biostratigraphy of this
interval . She recognized an A. variabilis (Eoplacognathus?
variabilis in L6fgren 1 978) Zone and an E. suecicus Zone, each of
which was subdivided into two subzones . My Swedish
collections suggest that the top ofDzik's ( 1 9 78) E. pseudopianus
Zone corresponds to a level in the midd le part of the E. suecicus
P. sulcatus Subzone ofL6fgren ( 1 9 78) . Because the top of the E.
suecicus Zone was defined in the same way by L6fgren ( 1 978)
and Dzik ( 1 978) , the scope of Dzik's ( 1 978) E. suecicus Zone is
markedly smaller than that employed by L6fgren ( 1 9 78) . As
noted by Dzik ( 1 978: 52-5 3 ) , the precise scope of his A.
variabilis and E. pseudopianus zones is uncertain in terms of
Baltoseandie standard units, and my attempts to pin down the
boundary between these zones in the Swedish sections studied
have be en unsuccessful. Accordingly, for the purpose of the
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present paper, I prefer to follow Lafgren's ( 1 978) zonal
scheme, which is firmly based on the faunal succession in
specific Swedish successions .
The upper L1anvirnian E.Joliaceus and E. reclinatus subzones
are well established and noncontroversial. As noted by
Bergstram ( 1 97 1 bl , a primitive form of Pygodus serra ( Fig. 3)
appears very near the base of the E. foliaceus Subzone in
Baltoscandia, and it seems j ustified to follow Lafgren ( 1 978) in
defining the base ofthe P. seTra Zone as coinciding with the base
of the E.foliaceus Subzone. Interestingly, the stratigraphically
oldest specimens of Amorphognathus kielcensis Dzik 1 9 76 known
to me are from strata very dose to the base of the P. seTra Zone,
so the appearance of that characteristic species may also be a
useful guide to the zonal boundary leve! in the absence of
specimens of Pygodus or Eoplacognathus.
In a detail ed study of the very condensed Middle Ordovici
an M6j cza sequence in the Holy Cross Mountains, Poland,
Dzik ( 1 978) dropped the Pygodus serra Zone and e!evated its
subzones to zones . He has subsequently used the same
terminology when dealing with collections from other areas
(Dzik 1 980, 1 98 1 ) . Because the subzonal indices are far less
widespread geographically than P. serra, abandonment of the
P. seTra Zone seems unj ustified and may be considered a step
backward in the process of deve!oping a regionally useful
Middle Ordovician conodont biostratigraphy .

Llandeilian
The base of the succeeding Pygodus anserinus Zone was
originally defined ( Bergstram 1 9 7 1 a:97) as the leve! of
appearance of P. anserinus. The latter species dearly deve!oped
from P. seTra, which is present locally in the lowermost part of
the P. anserinus Zone as pointed out long ago (Bergstram
1 9 7 I a: 1 50) . This fact was apparently overlooked or misun
derstood by Fåhraeus & Hunter ( 1 98 1 ) in their recent study of
a Newfoundland succession that ranges across the zonal
boundary. Ifthose authors had followed the original definition
of the P. anserinus Zone, they would have had no difficulty to
pick its base and that leve! would have been very dose to the
one established by Bergstram et al. ( 1 974) in the same sections,
but based on much small er collections .
Bergstram ( 1 9 7 1 a) subdivided the P. anserinus Zone into a
Lower and Upper Subzone with the subzonal boundary
marked by the evolutionary transition of Prioniodus (B.)
prevariabilis into P. (B.) variabilis. Dzik ( 1 978) suggested that
the evolutionary transition of Amorphognathus kielcensis into A .
inaequalis also takes place near that level. I know o f no
confirmed record of the latter species in the Baltoscandic
region, but support for Dzik's suggestion is given by the
succession in the Smedsby gård drilling core, south-central
Sweden ( Bergstram unpubl . ) in which specimens of A .
kielcensis occur u p to a leve! less than l m below the base of the
Upper Subzone. Also the distribution of other conodont taxa
(expecially Complexodus) in that core and in other sections in
Sweden suggests that the subzonal boundary and the leve! of
the A. kielcensis - A. inaequalis transition are likely to be so dose
to each other stratigraphically that for all practical purposes,
these levels can be considered to represent the same horizon.
These subzones are in need offormal designations and I here
propose that the Upper Subzone be renamed the A. inaequalis
Subzone. It indudes the interval of co-occurrence of P.

anserinus and A. inaequalis up to the leve! of appearance of A .
tvaerensis, a direct descendant of A . inaequalis. Likewise, the
Lower Subzone is renamed the A . kielcensis Subzone and
defined as the interval of co-occurrence of P. anserinus and A .
kielcensis u p to the leve! of appearance of A . inaequalis, which is
apparently a direct descendant of A. kieleensis. Because the
latter species ranges through the P. seTra Zone, presence of
both P. anserinus and the subzonal index is needed for certain
identification of the A. kielcensis Subzone. In the absence of
these species, the subzonal boundary can be recognized, as
previously, as the leve! oftransition ofPrioniodus (B.) prevariabi
lis into P. (B.) variabilis. Because Dzik ( 1 978) elected to use the
leve! of appearance of A. inaequalis as the top ofhis P. anserinus
Zone, his scope of the latter zone is the same as the A . kielcensis
Subzone as defined herein.
In this connection it is ofinterest to note that specimens ofA .
inaequalis are now known ( Bergs tram coll. ) from the conglom
erate unit in the very uppermost part of the Ffairfach Group
be!ow the base of the key section of the L1andeilian near Afon
Cennen at L1andilo. This proves that the base of the type
L1andeilian is coeval with a level somewhere within the A .
inaequalis Subzone and not with the base of the P . anserinus Zone
as was tentatively suggested by Bergstram ( 1 9 7 I a) . This new
evidence is in excellent agreement with that from the megafos
sils (Addison in Williams et al. 1 9 72) and confirms that the
much cited correlation of the L1andeilian with the Glyptograp
tus teretiusculus Zone is erroneous. As noted by Bergstram et al.
( 1 974: 1 653) and ] aanusson ( 1 979:A I 44-A I 45 ) , if one follows
the traditional practise of defining the top of the L1anvirnian as
the top of the Didymograptus murchisoni Zone, and if one accepts
the conodont evidence of the age of the strata immediately
below the base of the L1andeilian in its type area, then one will
have to condude that there is a post-L1anvirnian, pre
L1andeilian interval which has no series designation in the
British succession and which corresponds to most of, if not the
entire, Glyptograptus teretiusculus Zone. Obviously, the new
conodont data presented above increase the magnitude of this
interval in terms of biostratigraphic units, and it would be
most welcome if the proper authorities soon addressed the
problems of the L1anvirnian-L1andeilian boundary and pro
posed a workable solution .
Although additional work is needed to establish their
precise ranges in terms of the North Atlantic conodont zonal
succession, species of Cahabagnathus are dearly useful index
fossils in the upper L1anvirnian and the L1andeilian . As shown
in Fig. 2, the known range of C. friendsvillensis approximates
that of the P. seTra Zone; C. cha<,yensis and C. sweeti occur in the
P. anserinus Zone; and C. carnesi in the latter zone and in the
lowermost A. tvaerensis Zone.

Caradocian
The next younger conodont zone, the A morphognathus tvaerensis
Zone, has been recognized widely in Europe and North
America, as have the lower two of its three subzones, the
Prioniodus (B.) variabilis and P. (B. ) gerdae subzones . The
uppermost subzone, the P. (B.) alobatus Subzone, although
widely recognized in Baltoscandia, has been recorded from
on ly a single locality in North America ( Kennedy et al. 1 9 79) .
Bergstram ( 1 97 I a) , Dzik ( 1 9 78) , and Kennedy et al. ( 1 979)
have all commented on the similarity between P. (B. ) variabilis

FOSSILS AND STRATA 1 5 ( 1 983)

and P. (B.) alobatus, and it may well be that these species have
an ancestor-descendant relationship. This is supported by the
fact that a few specimens approaching the appearance of P.
(B. ) alobatus have been found in the P. (B.) variabilis Subzone in
Sweden (Bergstram unpubl . ) . Nevertheless, the three sub
zones are readily distinguishable in the Baltoscandic sections
studied .
The precise position ofthe Llandeilian-Caradocian bound
ary in the North Atlantic conodont zone succession remains
somewhat uncertain. The occurrence of specimens resemb
ling A. tvaerensis in the upper Llandeilian of the type area
(Bergstram 1 9 7 1 b: 1 84) , and of A. tvaerensis and Eoplacognathus
elongatus in basalmost C aradocian (Costonian) strata in the
Narberth area to the west of Liandilo (cf. Addison in Williams
et al. 1 97 2 : 3 6 ) , together with the fact that the type Llandeilian
is directly overlain by graptolitic shales of the Nemagraptus
gracilis Zone (Williams 1 95 3 ) , suggest that the top of the type
Llandeilian in all probability is coeval with a level in the
Prioniodus (B. ) variabilis Subzone (Fig. 5 ) .
Also the next younger zone, the Amorphognathus superbus
Zone, has been recognized at many localities in Europe and
North America. The zonal index is a direct descendant of A .
tvaerensis, and the principal difference between these species
has be en taken to be the appearance of the dextral pastini
scaphate element (Bergstram 1 962, 1 97 1 a : 1 36 ) . Dzik
( 1 978:55) proposed a different circumscription of A. tvaerensis
and A . superbus based on the holodontiform element and in
accordance with this , a downward adj ustment of the base of
the A . superbus Zone. However, from my experience with large
collections of A . tvaerensis and A . superbus, it is my definite
impression that the gradual reduction and ultimate dis ap
pearance of the 'extra' posterolateral process in the dextral
pastiniscaphate element is a more useful fea ture for separating
these taxa within the interval ofmorphological intergradation
than minor changes in the morphologically rather variable
holodontiform element, which, furthermore, is on ly sparsely
represented in most collections . Accordingly, I prefer to retain
the traditional morphological scope of these species.
No formal subzones have been proposed within the A.
superbus Zone. At least in the Baltoscandic region, the upper
part of the zone is characterized by the appearance of A .
complicatus and Hamarodus europaeus. It i s still not known if this
distribution pattern also pertains to other regions, so it is
probably premature to introduee a subzonal subdivision for
this zone at the present time.

Ashgillian
The base of the next younger zone, the A . ordovicicus Zone, is
marked by the evolutionary transition of A. superb us into A .
ordovicicus (Bergstram 1 9 7 1 a) , and this level has been recog
nized both in Europe and North America in strata of early
Ashgillian age. Based on his investigation of severai Ashgillian
faunas from Great Britain, Orchard ( 1 980) suggested that the
zonal boundary is in the lower Cautleyan Stage of the
Ashgillian. I have had the opportunity to examine his
collections at Cambridge University and in my opinion, the
conodont evidence for a Cautleyan age of this zonal boundary
is inconclusive. It appears that this boundary could as well be
in the (upper) Pusgillian. Clearly, additional work is needed in
the British sections to solve this problem. No formally defined
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subzones have a s yet been proposed within the A . ordovicicus
Zone but as noted by Bergstram ( 1 9 7 1 a) and Orchard ( 1 980) ,
there are indications that subdivision of the zone may
ultimately be possible although the appreciable differences in
the local ranges ofseveral potentially useful taxa have thus far
prevented the establishment of regionally useful subzones .

Systema tie paleontology
Lack of space prevents a full description of the many platform
conodont taxa dealt with above. However, in order to validate
new generic and specific names, I furnish descriptions ofa few
selected taxa. The morphologic terminology follows, where
appropriate, that employed in the recent conodont volurne of
the Treatise on Invertebrate Paleontology (Clark et al. 1 98 1 ) .

CA HABA GNA THUS nom. nov.
Synorrym. - Petalognathus Drygant 1 9 74 (preoccupied, cf. Berg
stram 1 98 I b: W I 29) .
Derivation of name. - Referring to C ahaba Valley, Alabama,
where representatives of the genus were first found in North
America.
Type speeies. - Polyplacognathus sweeti Bergstram 1 9 7 1 .
Diagnosis ofthe genus. - A genus of conodonts with an apparatus
having one type of stelliplanate and one type of pastiniplanate
elements, both occurring in mirror-images; no ramiform
elements are known to belong to this apparatus . Stelliplanate
elements with unbranched platformed posterior and postero
lateral processes, an unbranched or bifid platformed antero
lateral process, and a platformed or bladelike unbranched
anterior process. Pastiniplanate elements with a broad,
unbranched platformed posterior process, a short platformed
lateral process, and a considerably longer, almost bladelike to
platformed, anterior process that makes an angle of about 90°
with the posterior process. All elements with a central denticle
row on all processes, and lateral to this row a conspicuous but
irregular ornamentation of transverse ridges and nodes; there
is no distinct cusp in either type of element. Basal cavity
shallow, restricted, with central pit, and wide recessive
margin.
Remarks. - In order to conform with the orientation used in
Eoplacognathus, and at the sugges tion of Dr. ] . Dzik, orientation
of the pas tiniplanate element is changed 90° from that adopted
previously (Bergstram 1 97 1 a, Fig. 1 4, 1 97 3 , Fig. I , 1 9 78, P l .
79: 1 3, 1 5; Bergstram & Carnes 1 9 76, Fig. 2 ) but the process
designations are the same. In this new orientation, the anterior
process is directed downward and the posterior one horizon
tally.
Only two other Ordovician conodont genera exhibit an
even superficial similarity to Cahabagnathus, namely Eoplaco
gnathus and Polyplacognathus. Cahabagnathus is distinguished
from Eoplacognathus by having two types of elements, both of
which are present in mirror-image pairs , rather than four
types of elements that do not occur in mirror-image pairs, and
by having a well-developed ornamentation over the entire
upper platform surface rather than only a central denticle row.
It differs from Polyplacognathus in the outline of both types of
elements, especially the pastiniplanate one. As noted above
(p. 4 1 ) , it is possible that Cahabagnathus might have its
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ancestor in the Eoplacognathus lineage ( Fig. 2) but other
evolutionary relationships are also conceivable. It seems
unlikely that Poryplacognathus evolved from the Cahabagnathus
lineage.
Detailed descriptions of two ( C. jriendsvillensis, C. sweeti) of
the five species currently included in the genus were given by
Bergstrom ( 1 97 1 a: 1 42-1 44) and there is no need to redescribe
these species here, especially as I plan to deal with the
morphology and ontogenetic development ofthese species in a
separate study . Below, I describe two stratigraphically impor
tant, but previous1y unnarned, species .

CAHABA GNA THUS CA RNES!
Fig. 6K, L

n.

sp.

Synonymy. - 0 1 97 5 . Poryplacognathus sweeti Bergstriim (late
form) - C arnes, p. 1 97-202, PI. 8 : 1 0, 1 3, 15 (only) . 0 1 9 76
Poryplacognathus sweeti Bergstrom (late form) - Bergstrom &
C arnes, Fig. 2 : 6 .
Derivation of name. - In honor o f D r . John B. C arnes, the
discoverer of the present speeies.
Type locality. - C uba, Hawkins C ounty, Tennessee (C arnes
1 9 75:62-69 ) .
Type stratum. - Hoiston Formation, sample 73CC2- 1 6 of
C arnes ( 1 975) ; Prioniodus (B.) variabilis Subzone.
Holotype. - OSU 3 7 1 86 ( Fig. 6K) .
Diagnosis. - A Cahabagnathus species similar to C. sweeti
( Bergstrom 1 9 7 1 ) but distinguished from the latter by the faet
that in the pastinip1anate element the main denticle row is not
straight but makes a distinct bend toward the anterior proeess
at the j unction of the posterior and anterior proeesses .
Description . - In all essential features, the s tellip1anate element
of the present species is c10sely similar to that of C. sweeti.
Although there may be some minor differenees in the outline of
the processes (Fig. 2) , they are hardly distinetive enough to
separate these elements from the corresponding on es of C.
sweeti, partieularly in view ofthe rather considerable variation
ofthese features in the collections at hand. Also the pastinipla
nate elements are similar to those of C. sweeti but they can be
readily distinguished by the differenee in the appearance of the
main denticle row mentioned in the diagnosis.
Remarks . - The morphological features used to separate this
species from C. sweeti may appear to be rather insignificant at
first sight but they seem to be quite constant in colleetions of
hundreds of specimens from a limited stratigraphic interval at
several localities. As described by C arnes ( 1 975 ) , speeimens of
C. camesi first appear rarely in large populations of C. sweeti but
in stratigraphically slightly younger samples, the former
species becomes completely dominant and only very rare
elements of C. sweeti are present. Some morphological inter
mediates connect C. camesi with C. sweeti, and there is no doubt
that the latter species is its ancestor. Being characteristie of a
narrow stratigraphic interval above that characterized by rich
occurrences of C. sweeti, the present species has the potential to

be a useful guide fossil. The vertical ranges of these species
show some overlap ( Fig. 2) but also this overlap has potential
correlative usefulness.

Known occurrences. - Tennessee, Hawkins County, Cuba,
Holston Formation (Carnes 1 9 7 5 ) ; and Grainger County,
Thorn Hill, Hoiston Formation ( C arnes 1 975) . In addition,
aceording to Dr. T. W. Broadhead ( personal communieation,

Fig. 6. Elements of important platform conodont speeies diseussed in
the text. DA. lcriodella cf. I. praecox Lindstrom et al. 1 9 74, pastinate

pectiniform Pa element, OSU 3 7 1 80, lateral view, x 84. 'Narberth
Group' , L1andeilian-Costonian transition beds, Bryn-bane quarries,
3 km E ofNarberth, Wales, sample 79B40- 1 . DB. Same speeimen as A,
upper view (note single row of denticles on anterior proeess) . DC.
Same speeies as A, pastinate pectiniform Pa element, OSU 38 1 8 1 ,
lateral view, x 22. Costonian beds, Evenwood quarry (Bergstrom
1 97 I a) , 1 3 km SE ofShrewsbury, Welsh Borderland, sample W66- 1 3 .
O D . Same speeimen a s C , upper view, x 22 . D E . Same speeies,
locality, and sample as A, one of two types of tertiopedate S elements,
OSU 3 7 1 82, lateral view, x 84. OF. Same speeies, locality, and sample
as A, bipennate element, OSU 3 7 1 83 , lateral view, x 84. OG. Same
speeies, locality, and sample as A, tertiopedate Pb element, OSU
3 7 1 84, lateral view, x 70. OH. Same speeies, locality, and sample as A,
one of two types of tertiopedate S elements, OSU 3 7 1 85, posterior
view, x 84. D l . Cahabagnathus sweeti (Bergstrom 1 9 7 1 ) , pastiniplanate
element, VPIL 4597 , upper view, X 35. 6 m above base of EfTna
Limestone in section along railroad at Montgomery Lime Production
Company, Ellett Valley, Montgomery County, Virginia. Coll. J. M .
Wilson . DJ . Same species, locality, and sample a s I , stelliplanate
element, VPIL 4597 , upper view, x 35 . Coll. J. M . Wilson. DK.
Cahabagnathus carnesi n . sp. (holotype ) , pastiniplanate element, OSU
3 7 1 86, upper view, x 78. Hoiston Formation, sample 73CC2- 1 6 of
Carnes ( 1 9 7 5 ) , Cuba, Hawkins County, Tennessee. D L. Same
speeies, locality, and sample as K, stelliplanate element, OSU 3 7 1 8 7,
upper view, x 78. D M . Cahabagnathus chaz,yensis n. sp. (syntype) ,
pastiniplanate element, VPIL 4578A, upper view, x 68. 8.6 m above
base of Lincolnshire Limestone, section at Montgomery Lime
Production Company quarry, Ellett Valley, Montgomery County,
Virginia. CoII . J . M . Wilson . ON. Same speeimen as M, lower view,
x 68 . DO. Same speeies, locality, and sample as M (syntype ) ,
stelliplanate element, V P I L 4578A, upper view, X 62. Coll. J . M .
Wilson. D P . Same speeimen a s O, upper-Iateral view, x 62 . D Q .
Cahabagnathus n . s p . A, pastiniplanate element, O S U 3 7 1 88, upper
view, X 48 . 1 06 m above base of McLish Formation in section on west
side of U . S . highway 7 7 , north of Ardmore, Carter County, Oklaho
ma, sample 72SE-4 1 6 of Sweet & Bergstrom. DR. Same speeies,
locality, and sample as Q, stelliplanate element, OSU 3 7 1 89, upper
view, X 48 . DS. Prattognathus rutriformis (Sweet & Bergstrom 1 962) , one
oftwo types ofstelliplanate element, OSU 36373, upper view, x 5 3 . 36
m above base ofsection of Littie Oak Limestone at quarry 3 km north
of Peiham, Shelby County, Alabama (sample 80MS7-22 of Schmidt
1 982 ) . DT. Same speeimen as S, under side (note appearance ofbasal
cavity ) , x 53 . D U . Same speeies, locality, and formation as S, other
type of stelliplanate element, OSU 3 7 1 90, upper view, x 53 . 32 m
above base of section (sample 80MS7-20 of Schmidt 1 982 ) . DV.
Pygodus anitae n. sp. , quadriramate element, LO 562 1 , lateral view,
X 84. Top 0 . 5 m of Segerstad Limestone ( sample J65- 1 1 ) , Lunne
quarry, Brunflo, Jemtiand, Sweden. DW. Same speeies, locality, and
sample as V, tertiopedate element, LO 5622, lateral view, x 84. DX.
Same speeies, locality, and sample as V, stelliscaphate element, LO
5623T (holotype) , lateral view, x 84. DY. Same speeimen as X, upper
view, x 84. DZ. Same speeies, locality and sample as V, tertiopedate
element, LO 5624, lateral view, x 84. Abbreviations of repositories of
figured speeimens are as follows: OSU, Department of Geology &
Mineralogy, Orton Geological Museum, The Ohio State University,
Columbus, Ohio, USA; VPIL, Department of Geological Sciences,
Virginia Polytechnic Institute and State University, Blacksburg,
Virginia, USA; and LO, I nstitute of Palaeontology, University of
Lund, Sweden.
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1 982) , elements of the present species have been found at other
localities in the western thrust beits of eastern Tennessee.

Material. - More than 500 elements . I t appears as if the ratio
between pastiniplanate and stelliplanate elements is I : l .

CA HABA GNA THUS CHAZYENSIS n . sp .

Fig. 6M-P

Synonymy. - 0 1 972 Polyplacognathus sweeti Bergstrom - Raring,
p. 1 1 6-1 1 7, P l . 2 : 1 5, 1 8 , 1 9 . 0 1 9 73 Polyplacognathusfriendsvil
lensis-P. sweeti Bergstrom transition - Bergstrom, Fig.
2: 1 2 . 0 1 9 7 6 Polyplacognathus friendsvillensis-P. sweeti transition
- Bergstrom & Carnes, Fig. 2:4. 0 1 9 7 7 Polyplacognathus
friendsvillensis - Read & Tillman, p. 1 60, Fig. 4. 0 1 978
Polyplacognathusfriendsvillensis-P. sweeti transition - Bergstrom,
P I . 79: 1 2, 1 3 , Figs. 5, 6 . 0 1 979 Polyplacognathusfriendsvillensis
Markello, Tillman, & Read, p. 64-67, Figs . I l , 1 8.
Comments to the �no1!)'my list. - The references ofRe ad & Tillman
( 1 9 7 7 ) and Markello, Tillman, & Read ( 1 979) indude no
formal descriptions or illustrations of the present species and
the synonymy is based on my own study of their collections.
Indusion in the synonymy list was deemed appropriate
because of the biostratigraphic importance of their papers, as
well as the fact that the late C . G. Tillman assembled the finest
collection of this species in existence.
Derivation of name.
From the Middle Ordovician Chazy
Group, Champlain Valley, New York and Vermont in which
the species is the dominant platform conodont and where
specimens were first collected by Raring ( 1 9 72) .
-

Type locality. - Montgomery Lime Product Quarry, Ellett
Valley, Montgomery County, Virginia (Wilson 1 9 7 7 ) .
Type stratum. - Lincolnshire Limestone, 26 feet above base,
Pygodus anserinus Zone (sample VPIL 4578) .
Syntypes. - VPIL 4578A ( Fig. 6M-P) .

that of C. friendsvillensis in that it has a much wider posterior
process , and a different appearance of the dentide row
proximally in the pos terior process, compared to the latter
species ( Fig. 2 ) .

Remarks. - Although elements o f C . cha::;yensis are morphologi
cally intermediate between those of C. friendsvillensis and C.
sweeti, the present species is quite distinct and easily recogniz
able when both types ofelements are present. I t is ofinterest to
note that Wilson ( 1 97 7 ) found unmixed populations of this
species through more than 80 m of strata in Ellett Valley,
where there is a very minor overlap with the range ofC. sweeti in
the topmost part of the interval of C. cha::;yensis. Likewise, at its
known occurrences in Texas, Tennessee, and Champlain
Valley, C. cha::;yensis is the only Cahabagnathus species present
through an interval ranging in thickness from severai tens of
meters to more than 1 00 m. There is no doubt that the present
species is a descendant of G.friendsvillensis, and morphological
intermediates connect it with C. sweeti at the top of its range.
Known occurrences. - Tennessee, Blount C ounty, Friendsville,
Lenoir Limestone ( Bergstrom col!. ) and Hawkins County, St.
Clair, Lenoir Limestone (Bergstrom coll . ) ; Virginia, Mont
gomery County, Ellett Valley, New Market and Lincolnshire
formations (Wilson 1 9 7 7 ) ; Texas, Brewster County,
Marathon area, Woods Hollow Shale (Bergstrom 1 978) ; New
York and Vermont, Champlain Valley, C hazy Group, upper
Crown Point and lower Valcour formations ( Raring 1 972) . All
known occurrences are apparently in the lower part of the
Pygodus anserinus Zone but it is possible that the species might
be present in the uppermost part of the P. serra Zone.
Material. - More than 200 elements . It appears as if the ratio
between pastiniplanate and stelliplanate elements is 1 : 1 (cf.
Wilson 1 97 7 ) .

PRA TTOGNA THUS

n. gen .

Derivation of name. - Named for the Pratt family, long-time
residents at Pratt Ferry, Alabama, the type locality of P.
rutriformis.

Diagnosis. - A Cahabagnathus species characterized by the
stelliplanate element with a bifid anterolateral process and a
relatively broad, crudely square, posterolateral process; and
pastiniplanate elements with a bro ad posterior process with
an almost straight main denticle row extending to near the
platform margin in the proximal part of the process .

Type speeies. - Polyplacognathus rutriformis Sweet & Bergstrom
1 962 ( Fig. 6S-U ) . [The specific designation rutriformis has
be en used in a multielement sense for this species by Berg
strom ( 1 97 3 ) , Bergstrom & C arnes ( 1 976) and Harris et al.
( 1 979) ] .

Description. - A good description of both element types of this
species was given by Raring ( 1 972) on the basis of specimens
from the Chazy Group, but because that description is not
readily accessible, the critical features are dealt with herein.
The stelliplanate elements show dose similarity to those of
C. friendsvillensis in most important respects, induding the
presence of a bifid anterolateral process, but in most instances,
those of the present species may be distinguished by their
broader and less pointed, in many cases crudely square,
posterolateral process with markedly bent, rather than
slightly evenly curved, anterior margin. The pastiniplanate
element is doser morphologically to that of C. sweeti than to

Diagnosis of genus. - A genus of conodonts with apparatus
having two types of asymmetrical albid platformed elements,
both stelliplanate and occurring in mirror-image pairs; no
ramiform elements known in the apparatus. ane ofthese types
with five, short, more or less bladelike processes that branch
out from a common point in the middle of the unit. The other
type with four processes, three of which are platformed and
one bladelike, all branching from a central point. All processes
in both types of elements with central row of denticles, and
marginal to that an irregular ornamentation oflow ridges and
scattered nodes . Basal cavity broad but shallow beneath
platformed processes, slitlike beneath bladelike processes.
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Remarks. - In their study ofthe conodonts from the Pratt Ferry
beds of Alabama, Sweet & Bergstri:im ( 1 962) described in
some detail the elements herein .r eferred to the multielement
species P. rutriformis as Polyplacognathus rutriformis and P.
stelliformis. Subsequently, these types of elements have be en
found at severai other localities in Alabama (Schmidt 1 982) ,
eastern Tennessee (Bergstrom 1 97 3 ; Bergstri:im & G arnes
1 97 6 ) , and Nevada ( Harris et al. 1 979) . Although no occur
rence of abundant specimens ofthese elements is known, they
are associated so constantly with each other that it seems very
likely that they belong to one and the same apparatus.
Furthermore, because this apparatus differs appreciably in
severai important respects from those of previously named
conodont genera, it is appropriate to introduce a new generic
name.
Prattognathus is distinguished from Eoplacognathus by having
two types of elements, present in mirror-image pairs, rather
than four types of elements that do not occur in mirror-image
pairs. In addition to the central denticle row, these elements
have an irregular pattern of ridges and nodes on the upper
surface. The genus can be separated from Cahabagnathus and
Polyplacognathus by the process arrangement and the outline of
the elements, especially the one with dominantly platformed
processes. It differs from Polonodus in the number and arrange
ment of the processes, and the appearance of the basal cavity,
but, as noted above, it cannot be ruled out that Prattognathus
may have its ancestor among forms similar to those referred to
Polonodus by some authors .
Occurrence. - Specimens of P. rutriformis, the on ly known species
of Prattognathus, have been found in the upper part of the
Pydodus serra Zone and the lower part ofthe P. anserinus Zone at
severai localities in the Southern Appalachians and central
Nevada (see references under Remarks ) .

PYGODUS Lamont & Lindstrom 1957
Type speeies. - Pygodus anserinus Lamont & Lindstrom 1 957

PYGODUS ANITA E n. sp.
Fig. 6V-Z

Synonymy. - 0 1 978 Pygodus sp. G. - Li:ifgren, p. 97, P l . 1 9 :4-6,
Figs . 32A-G .
Derivation of name. - In honor of Dr. Anita Lofgren, who first
described elemen ts of this species.
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and antero-lateral processes and a posterior process with a few
equal-sized, short, suberect denticles. Quadriramate and
alate elements subpyramidal with weakly denticulated pro
cesses.

Description. - Pygodontiform element of subtriangular shape
with well-developed anterior platform, short, laterally com
pressed cusp, and a narrow posterior platform that is not
appreciably longer than the cusp. Anterior platform with
conspicuous central longitudinal depression, which is bor
dered on each side by a double row ofshort denticles; these four
denticle rows extend from the anterior margin of the anterior
platform to, or close to, the base of the cusp. In addition, a fifth
denticle row may be developed along the anterior part of the
lateral margin of the anterior platform. The basal cavity is very
shallow, and extends over the entire lower surface of the
element.
The haddingodontiform (pastinate) element has a rela
tively short, suberect cusp, weakly denticulated or undenticu
lated anterolateral and anterior processes, and a posterior
process with a few distinct, short, suberect to slightly reclined,
denticles that in most specimens tend to be separated from
each other. The three processes are of about the same length
and are connected with thin laminae to form a subpyramidal
structure with a large basal cavity that extends to the base of
the cusp.
In most respects, the subpyramidal quadriramate and alate
elements are closely si mil ar to corresponding elements in
Pygodus anserinus and P. serra but they tend to be wider basally
and less extended longitudinally, and have less strongly and
less regularly denticulated processes.
Remarks. - The present species is a morphological intermediate
between Pygodus? n. sp. and P. serra, and specimens transi
tional to the latter are present in the lower part of the
Eoplacognathusfoliaceus Subzone [P. serra (early) in Fig. 3; also
cf. Lofgren 1 978, Fig. 32D-F] . However, both the pygodon
tiform and haddingodontiform elements differ appreciably
from those of typical specimens of P. serra and the two species
are readily separable.
Known occurrence. - In Sweden, the species is characteristic of a
narrow interval in the upper part of the Eoplacognathus suecicus
Zone but well-preserved specimens are uncommon. The
species is represented in my collections from Lunne, Kår
garde, and Vikarbyn (for the location of these sections, see
Bergstri:im 1 9 7 1 a ) , and Lofgren ( 1 978) described elements
from her Gusta section .

Type locality. - Lunne, Jamtland, Sweden.
Material. - Severai tens of specimens .
Type stratum. - Segerstad Limestone, 20 cm below top . Sample
J65- 1 1 of Bergstri:im . 60 cm below top of the Eoplacognathus
suecius Zone.
Holotype. - LO 5623T ( Fig. 6X, Y) .
Diagnosis. - A Pygodus species with at least two pairs of denticle
rows on the anterior platform of the pygodontiform element
and a short single-Iobed posterior platform. Haddingodon
tiform element pastinate, with weakly denticulated anterior
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During most of the Early and Middle Ordovician, epicontinental seas of Laurentia, Baltiea, and
islands in the Iapetus Ocean between them were cen ters of diversification of different groups of
conodonts. The most important were Phragmodontidae in Laurentia, Periodontidae in the
Iapetus area, and Balognathidae in Baltiea. Speet ra of fossil assemblages (analyzed in terms of
conodont lineages ) were very stable through time in each of these biogeographic provinces.
Relatively few lineages passed the biogeographic boundaries and successful immigrations were
rare. An especially stable composition characterizes the Baltie faunas. A profound change in the
composition of faunas in Baltiea took place in the Oanduan ( late Caradocian) through influx of
several lineages previously confined to islands in the Iapetus. Conodont faunas of Laurentia, at
times enriched by Iapetus-born lineages, evolved rather gradually until the end of the
Ordovician. Diversity of Ordovician conodont assemblages seems to depend more on local
ecologic factors and bathymetry than on climate. O Conodonta, biostratigraphy, biogeography,
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Ordovician bioprovincialism has received much attention
from conodont workers and severai important contributions
to its recognition have been published (for review, see
Jaanusson 1 979; Sweet & Bergstrom 1 974; Jaanusson &
Bergstrom 1 980; Lindstrom 1 976 b) . The profound difference
between conodont faunas of the North American Midconti
nent and those of the southeastern Appalachians and Europe
has been recognized since the Sweet el al. ( 1 959) paper. A
boundary separating these two distinet biogeographic units
has been traced along the Helena-Saltville fault in the
southern Appalachians and corresponding structural features
to the north (Bergstrom 1 9 7 1 ; Jaanusson & Bergstrom 1 980) .
Although changes in the distribution of particular Late
Ordovician conodont taxa have be en diseussed in detail by
Sweet & Bergstrom ( 1 974) and faunal changes across the
Appalachians in the Middle Ordovician have been presented
by Bergstrom & C arnes ( 1 976) , much remains to be done
regarding the pattern of distribution and shifts of Early and
Middle Ordovician conodont lineages in Europe as well as
precisely tracing relationships of those lineages that are
thought to be typical ofprovinces . It must be stated, however,
that data are still far from complete, and numerous key faunas
(for example those from the Middle Ordovician of Great
Britain and the Sudeten Mountains) have not yet been
described in terms of multielement taxonomy. Accordingly,
this paper is j ust a preliminary report on a study that remains
to be completed .

T erminology
Choice of the best element-notation system begins to be a
diflicult task for conodontologists. Among severai proposed

systems ofterminology for elements in the conodont apparatus
(for review, see Sweet 1 98 1 b; also Barnes et al. 1 979 and Dzik &
Trammer 1 980) two seem to be applicable for most apparat
uses . Those are Jeppsson's ( 1 97 1 ) and Sweet's ( 1 98 I b)
systems. When applied to sextimembrate apparatuses they
are easily transferable to each other.
For the purpose of the present paper Jeppsson's notation
has been chosen. It was originally introduced as a tool for
expressing homology of elements . Symbols of all types of
elements are derived by abbreviations of former form
taxonomic generic names, which seems to be in good agree
ment with tradition in biological terminology. In the same way
terms for, say, larval stages ( echinospira, pilidium, calyptopis,
zoea, etc. ) , or organs (stigmaria, helens, aptychi, etc . ) have
been introduced, all being bas ed on names of former taxa.
This does not leave a place for uncertainty regarding reference
for homologization. Particular types ofelements are identified
in any apparatus by homologization with particular elements
ofthe O;:.arkodina apparatus. There is no assumed a priori order
in arrangement of the types of elements in the apparatus,
therefore no trouble appears when insertion of a new type of
element into the transition series appears necessary .
The apparatus o f A morphognathus is proposed here a s a
homologization standard for septimembrate apparatuses .
The complete set of elements in such apparatuses contains,
according to this notation (in supposed order) , sp, oz, tr, pl,
ke, hi, and ne types . Sweet ( 1 98 1 b ) and Bergstrom ( 1 98 1 )
proposed to consider the keislognathiform element of Amor
phognathus as pl (Sb) and consequently created 'Iocation' Sd for
tetraprioniodontiform elements. There are, however, analog
ous tetraramous elements in the pl (Sb) location in apparat
uses other than those of the Balognathidae (for example
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Microzarkodina and Paraprioniodus) , while it has been asserted
that the keislognathiform element is a homologue of one of the
Sc elements in those Balognathidae that do not have it (Dzik
1 976) . In the typical apparatus of the Balognathidae, Sa,
tetraprioniodontiform (Sb) , keislognathiform, and Sc ele
ments form a single symmetry transition series, and a keislo
gnathiform element should be inserted between Sb and Sc
elements . This could be done either by introducing a third
letter to the notation (like Sbb) or by replacing Sc elements
sensu Sweet ( 1 98 1 b) to Sd location and reserving the Sc
location only for homologues ofthe keislognathiform elements
of Amorphognathus (which I would prefer) . Kuwano ( 1 982)
proposed symbols Sa-b and Sb for homologues of pl and ke
elements in the Ozarkodina excavata ( Branson & Mehl)
apparatus, respectively .
Meanings of other terms used in the text are explained in the
Treatise on Invertebrate Paleontolog) ( Sweet 1 98 1 b) . There also all
taxonomic, auctor references that are not listed in this paper
can be found .

Comments on methodology
One basic trouble in establishing a good scientific framework
for a discussion of conodont provincialism is the lack of
unequivocal meaning for units in paleobiogeography . Con
cepts of high-rank biogeographic units are usually based on
more or less obj ectively determined differences in the composi
tion of faunistic assemblages from different areas . This does
not create special difficulties unless problems of the boundary
between particular units and their change in geologi c time are
involved. Then any biogeographic unit appears to have a
particular meaning that depends on methods used in recogniz
ing it and the particular group of fossils used, rather than on
obj ective factors Qaanusson 1 9 79) . For these reasons Lind
strom ( 1 976 a) has proposed to separate the territorial and
faunistic aspects ofprovincialism, and to abandon the first one
and shift the discussion toward aspects of the evolution of
particular faunas . These may completely change their dis
tribution in time. This means that he has proposed to study
high-rank communities (faunas) rather than high-rank
ecosystems (provinces and realms in com mon understand
ing) . Data discussed below show, however, that there is no
visible integration among species, either in their distribution
within faunas or within particular conodont communities .
This fits well with data concerning the distribution of other
groups of fossils as well as with theoretical considerations
(Hoffman 1 979) . There is also liule evidence of invasion of
other are as by entire groups of conodonts that form the core of
particular faunas . Rather, each species seems to change the
area of its distribution separately, and when all the 'fauna' is
replaced by another assemblage the replacing assemblage is
rarely the 'fauna' that occurred in another area before. At least
some conodont species may occur alone. The concept of a
conodont 'fauna' thus appears quite foggy and there is little
chance to make it more obj ective.
For all these reasons I prefer to define biogeographic units
not on the basis of their supposed internal integration but on
external factors . A boundary bet'1 een two such units should be
drawn on the supposed discontinuity in spatial distribution of
environmental factors, which may be expressed in an abrupt
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change in the distribution of some organisms. The concepts of
island biogeography ( MacArthur & Wilson 1 967) are applic
able to such biogeographic uni ts . I t is not difficul t to find
bcfundaries in the terrestrial environment with the features
required by this definition. The marine environment is much
more continuous, but discontinuities in the distribution of
particular marine environments such as margins of the
continental shelf, areas of convergence of warm and cold
water, thermoclines, a range of uplifts of oceanic currents
carrying biogenes, etc . , can be used to delineate boundaries
between marine ecosysterns. All these factors may separate
oceanic wate, into discrete cells that are different in the
composition oftheir faunal and floral assemblages . Features of
these cells may change with the evolution of c1imate and even
more profoundly with the tectonic evolution of continents
(Williams 1 976) . In the present paper the Ordovician epicon
tinental seas of Laurentia ( the Midcontinent province) ,
Baltica ( the Baltic province) , and islands i n the lapetus Ocean
between them ( the North Atlantic province) are considered to
be paleobiogeographic units of this kind ( Fig. I ) .
Four main kinds of faunal processes may be connected with
the evolution of biogeographic units defined above: ( I )
Phyletic evolution of particular species . ( 2 ) Change in the
distribution of particular species within boundaries of the
unit. ( 3 ) Immigrations of species from other ecosysterns,
which displace local species from their niches, but do not
change the state of faunal equilibrium. (4) Immigrations of
species that occupy previously uninhabited niches, or destruc
tion of the previous distribution of niches, in both cases
changing faunal equilibrium.
How can one recognize these basically different processes
from the limited fossil record? It would be especially important
to have a tool that permits distinction between rebuilding of
the fossil assemblage caused by a local environmental change
and immigration of extrinsic faunal elements . Solution of this
problem seems to be the first step to the serious considerations
of bioprovincialism (see discussion in Sweet & Bergstrom
1 974; Barnes et al. 1 97 3 ; Bergstrom & C arnes 1 976) . A strict
distinction between species of different lineages coexisting at
the same time and chronospecies being part of the same
(monospecific at any time) lineage must be made in any
analysis of this kind. Because of obj ective limitations of the
fossil record , particular fossil assemblages must be analyzed in
terms of lineages rather than particular chronospecies . Simi
larly, a direct comparison of the same paleoenvironments in
different provinces seems to be outside the possibilities
provided by sedimentological analysis . Fossils alone seem to
be the most sensitive environmental indicators . A consider
ation of the entire spectrum of environments within two
provinces would be a way to reach these obj ectives; but rare i y,
if ev er, are enough data available to reconstruct such spectra
for particular time units. Some support is fortunately given by
Walther's law. One may ass urne that vertical changes in the
composition of conodont assemblages, which reflect the
influence of changing environments through time, are charac
teristic for each biogeographic unit, for in such units different
parts of the ecos pace are inhabited by organisms that
represent lineages specific to it. Different provinces are thus
expected to have different dynamics of fossil assemblages in
relation to environmental changes .
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Logs of contribution of particular conodont lineages
( species) in samples plotted against time (rock thickness ) are
used here as a practical tool for recognition of the dynamics of
assemblages (Fig. I l ) . This method of presentation of quan
titative data on conodont distribution has been extensively
used for biostratigraphic correlation and environmental
analysis (Bergstriim & Sweet 1 966; Sweet 1 9 79 a, b; Jeppsson
1 9 79) . This kind of logs may also show whether a new speeies
that appears in the assemblage is invading an unoccupied
niche or displaeing some earlier speeies from its niche . In the
first case the appearance ofa new speeies is accompanied by a
proportionate reduction of the contribution of all other
speeies, without a change in the relations among them. The
same effect may also be produced by a relative increase in
productivity by some speeies, however. Ecologic competition
between new and old speeies has an effect only on that part of
the assemblage affected by it (for examples see Fig. I l ) .

Sources of data
The present article owes its origin to the fortunate opportunity
to compare data on the Baltic and Polish Ordovician cono
donts I collected as a member of the Zaktad Paleobiologii PAN
in Warsaw, Poland, with extensive collections of Midconti
nent conodonts gathered during many years by Walter C .
Sweet, S tig M . Bergstriim, and their students a t The Ohio
State University in Columbus, Ohio. It should be noted that I
have had free access at Ohio State University to all available
collections, including severai that have not been described in
the literature. Many of these collections, as noted below, were
carefully sorted before I saw them, and components of the
individual species were arranged in different parts of the slides
to reflect the taxonomic j udgment of the sorter. These have
been of great hel p to me. O ther collections were not sorted
when l examined them and are currently under study by
others . My j udgement as to the assemblages of speeies
represented in the unsorted samples or as to the quantitative
relations between particular speeies is thus no more than an
approximation and may well be different from the one
expressed when the collections have been completely pre
pared . The following sources of data have been particularly
useful:

Midcontinent conodonts. The main source of data concerning
Midcontinent conodonts used here is a collection of samples
from the Lower and Middle Ordovician of the Arbuckle
Mountains, Oklahoma (see Sweet & Bergstriim 1 973) . Two
long sections were sampled by Walter C. Sweet, Valdar
Jaanusson, and Stig M. Bergstriim in 1 9 72 and subsequently
processed in the Department of Geology and Mineralogy of
The Ohio State University. These include samples from the
upper 234 feet ( 7 1 . 3 m) of the West Spring Creek Formation,
the entire Joins, Oil Creek, McLish, Tulip Creek, and
Mountain Lake formations at a locality along Interstate
Highway 35 north of Ardmore, C arter County; and samples
from the McLish, Tulip Creek, and Bromide formations from
a section along Oklahoma Highway 99, south of Fittstown .
The maj or part of the collection has apparatuses of particular
speeies separated on the slides . This means that most of the
-

apparatuses have been reconstructed by Walter C . Sweet and
Stig M. Bergstriim.
I have also examin ed samples from the Tumbez and Elway
Eidson formations of the Lay School section, Grainger
County, Tennessee, collected and arranged by speeies on his
slides by C arnes ( 1 975) and the collection of Blackriveran
conodonts from the Pan American Davidson core from a
borehole in Richland County, Ohio, collected, arranged and
tabulated by Votaw ( 1 9 7 1 ) . Neither C arnes nor Votaw has yet
published his ideas about these samples . During a short stay in
Washington, D. C . , I saw samples from the Whiterockian of
Nevada that form the basis of the Harris et al. ( 1 979) paper.
Some previously unpublished data concerning Nevada cono
donts have also been supplied to me by Anita G. Harris
( U . S. Geological Survey) and Stig M. Bergstriim, who also
made available to me some of his samples from Marathon,
Texas . John E. Repetski ( U . S. Geological Survey) allowed me
to examine his collection of conodonts from the Dutchtown
Formation of Missouri . Published data used here are from
sections in Nevada ( Ethington & Schurnaeher 1 969) , Utah
(Ethington & Clark 1 98 1 ) , the District ofMackenzie (Tipnis et
al. 1 979) , the Melville Peninsula (Barnes 1 9 7 7 ) , Quebec
(Barnes & Poplawski 1 9 73) , Scotland (Higgins 1 967) and
severaI other locali ties .

North A tlantic conodonts. The section of the M6j cza Limestone
at M6j cza, Holy Cross Mountains, Poland, which has been
preliminarily described elsewhere (Dzik 1 9 78) , was fully
sampled in 1 979 and is currently under study at the Zaktad
Paleobiologii PAN. Szaniawski ( 1 980) has published a
description of Tremadocian conodonts from the same area. I
saw the collection of Dr. Zdzistawa Urbanek ( University of
Wrocfaw) from the Sudeten Mountains (see Baranowski &
Urbanek 1 9 72) in 1 978. A description of some Bohemian
conodonts is currently in press (Dzik 1 983) . Welsh conodont
faunas have been partially described and reviewed by Berg
striim ( 1 964, 1 97 1 ) and I have seen some of his samples .
Additional published data concern Newfoundland (Fåhraeus
& Nowlan 1 978; Fåhraeus & Hunter 1 98 1 ; Stouge 1 982 and in
press) , the Appalachians ( Sweet & Bergstriim 1 962; Berg
striim et al. 1 972; Bergstriim & C arnes 1 9 76; Landing 1 976) ,
the Armorican Massif ( Lindstriim et al. 1 974) , and western
Norway (Bergstriim 1 979) .
-

Baltie conodonts.
Baltie conodonts have been described in
great detail in severaI papers summarized by Lindstriim
( 1 97 1 ) , Bergstriim ( 1 97 1 ) , van Wamel ( 1 9 74) , Viira ( 1 974) ,
Dzik ( 1 976) , and Liifgren ( 1 978) . Along with samples from
erratic boulders of Baltic origin from northern Poland, I base
my knowledge ofBaltic faunas on samples from some Estonian
and Swedish sections . Severai samples were tak en in 1 9 7 7
from the Sukhrumagi section near Tallin . In 1 980 I also
sampled the upper part of the Langevoj a and Hunderum
substages at Halludden, b land, as well as the Ceratopyge
Beds and Latorpian at the Ottenby cliff, b land; the section
partially described by Fåhraeus ( 1 966) at Gullhiigen quarry,
Skiivde, Vastergiitland, and a few other localities in Vaster
giitland . Stig M. Bergstriim has shown me his collection of
conodonts from the Gullhiigen quarry, which covers the upper
part that was not sampled by me. During a few days stay in
-

FOSSILS AND STRATA 1 5 ( 1 983)

Tallinn I had an opportunity to study collections of conodonts
from severai boreholes described by Vii ve Viira (Geological
Institute, Tallin; see Viira 1 974) . Especially important were
cores from the Ohesaare and Kaagvere borehoies, which
present a good record of the evolution of A morphognathus. A
detailed description of the conodont succession within the
latter borehole has not been published.

Correlation
Although Baltic and Midcontinent Ordovician conodont
faunas are basically different, severai influxes of populations
belonging to quickly evolving lineages took place between
them, thus allowing some time correlation between them.
These correlation horizons are discussed briefly below in
stratigraphic order. The zonation proposed by Lindstriim
( 1 97 1 ) and Bergstri:im ( 1 97 1 ) , with a few additions by Dzik
( 1 978) , based on the evolution of Baltic lineages, is used here
as a reference standard. A few zones previously proposed are
omitted, namely the Baltoniodus triangularis and Microzarkodina
parva Zones . The first is based on a species that is hard to
identify (see Dzik 1 984) ; the second is defined as an assemb
lage zone. In addition, the Prioniodus alobatus Zone, which may
partially represent the P. gerdae Zone, is omitted because it is
based on a species of unknown time of origin. No comparable
zonation of the Midcontinent Ordovician has been proposed
yet (see, however, Ethington & C lark 1 98 1 and Stouge in
press) . Severai Midcontinent con odont chronospecies have
well-recognized phylogeny and their appearances supply
se�eral useful correlation horizons. These horizons are used
he;e provisionally only for the purpose of having reference to
some Midcontinent evolutionary events, not exactly corre
lated with the Baltic zones (see Figs. I l , 1 2 ) . They are not
intended to be boundaries of an established zonal scherne,
which remains to be defined .
( l ) Glyptoconus(?) asymmetrieus (Barnes & Poplawski 1 9 73)
probably evolved from G. (?) striatus (Graves & Ellison 1 94 1 )
a t the time of deposition of the upper Fillmore Formation of the
Ibex area, Utah (see Ethington & Clark 1 98 1 ) . The Joins
Formation of Oklahoma, the Hølonda Limestone of Norway,
and the A. raniceps Limestone of O land are thus younger than,
or at least contemporary with, the upper Fillmore.
(2) Microzarkodina flabellum ( Lindstri:im 1 955) occurs in the
highest Wah Wah and the 10wer halfoftheJuab Formation in
the I bex area (Ethington & Clark 1 98 1 ) . Because periodontids
presurnably originated in Prioniodus elegans Zone time and
evolutionarily advanced Microzarkodina cannot be older than
the top of the Oepikodus evae Zone, the uppermost Wah Wah is
not older than upper O. evae Zone.
(3) Histiodella holodentata Ethington & Clark 1 98 1 originated
from H. sinuosa (Graves & Ellison 1 94 1 ) in the upper part of the
Lower Table Head Formation of Newfoundland (Stouge in
press) , in the middle of the Lehman Formation of the I bex
area, Utah (Ethington & Clark 1 98 1 ) , in the uppermost
Antelope Valley Limestone at Steptoe, Nevada, and in the
middle of the same formation in the Toquima Range, Nevada
(Harris et al. 1 979) It appeared in the Baltic area (Viira 1 9 74)
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and the Holy C ross Mountains, Poland (Dzik 1 976, 1 978) , in
the early Kundan, where it occurs together with Amorpho
gnathus variabilis Sergeeva 1 963. This means that the Baltic A .
variabilis Zone i s not older than the upper Lehman Formation
of Utah and other occurrences of H. holodentata.
(4) Eoplacognathus suecicus Bergstri:im 1 9 7 1 occurs with the
biostratigraphically probably very diagnostic Phragmodus sp.
n. of Harris et al. ( 1 979) in Nevada (Harris et al. 1 979) , below
the first occurrences of Phragmodusflexuosus Moskalenko 1 9 7 3 .
(5) Early P. flexuosus is known t o occur together with
Eoplacognathus reclinatus ( Fåhraeus 1 966) (R. L. Ethington,
personal communication) .
(6) Advanced P. flexuosus (having a more prominent gradient
in the size distribution of denticles on the pl element than
earlier forms) occurs in the Kukrusean of Estonia with
Baltoniodus variabilis (Bergstriim 1 962) (Bergstri:im 1 97 1 ) .
Severai co-occurrences of Baltoniodus, Phragmodus, and the
Polyplacognathus friendsvillensis-sweeti lineage are known from
the Appalachians (Bergstri:im & C arnes 1 9 76; Fåhraeus &
Hunter 1 98 1 ) .
( 7 ) P. sweeti Bergstri:im 1 9 7 1 appears
Volhynia (Drygant 1 974) .

III

the Uhakuan of

(8) Baltoniodus gerdae (Bergstriim 1 97 1 ) occurs in the Mountain
Lake Formation of Oklahoma with typical Phragmodus inflexus
Stauffer 1 935 ( Sweet & Bergstri:im 1 973) .
(9) Amorphognathus tvaerensis Bergstriim 1 962 occurs with
Phragmodus undatus Branson & Mehl 1 933 in the Bromide
Formation of Oklahoma in the section south of Fittstown as
well as in severai other localities (Bergstri:im & Sweet 1 966) . P.
undatus is known also in the Oanduan of Estonia (Viira 1 974)
and the Mjøsa Limestone of Norway (Bergstriim 1 97 1 ) .

Patterns i n the distribution
of conodont lineages
Presumed relationships between Midcontinent and Baltic
lineages and their connections with conodonts of other areas
are discussed below. The groups have be en arranged in
family-rank taxa according to the supposed pattern of rela
tionships among them. They may be arranged into four larger
groups, which differ in the ground plan of the apparatus and of
particular elements . The first such group is forrned by
conodonts included here in the family Chirognathidae, which
are characterized by hyaline elements with strongly developed
denticulation and with morphologically rather continuous
transition between all elements of the apparatus. They are
supposed to have evolved directly from the Cambrian Wester
gaardodinidae. The second group comprises the families
Fryxellodontidae, Panderodontidae, Protopanderodontidae,
and Ulrichodinidae, which have apparatuses of coniform
elements but do not have a geniculate ne element; the
Distacodontidae, with a geniculate ne element but a tr element
without lateral processes; and possibly the Cordylodontidae
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and Multioistodontidae, whose relationships are inade
quately known . the third and fourth groups include cono
donts with rather high ly differentiated apparatuses, originally
with nondenticulated elements, ne being geniculate and tr
with lateral processes . They differ in the num ber of processes
developed in particular elements. The third group, consisting
of the Prioniodontidae, Phragmodontidae, Balognathidae,
Icriodontidae, and perhaps the Distomodontidae, has
apparatuses with triramous sp, oz, and tr elements and a
tetraramous ( rarely triramous) pl element. The fourth one,
including Oistodontidae, Periodontidae, and most of the post
Middle Ordovician conodonts, originally had biramous sp
and oz elements and triramous tr and pl elements . Dzik ( 1 976)
proposed to include the first group in the suborder Wester
gaardodinina Lindstrom 1 970, the second and third in the
Prioniodontina Dzik 1 976, and the fourth in the Ozarkodinina
Dzik 1 976.

Chirognathidae Branson & Mehl 1944
Chosonodina Miiller 1 964, which is widespread but never
numerous in the North American Midcontinent ( Mound
1 965, 1 968; Ethington & Clark 1 98 1 ; Harris et al. 1 9 79) , seems
to have evolved during deposition of the Joins and Oil Creek
formations of Oklahoma from its original Westergaardodina-like
shape toward a morphology similar to that of Chirognathus
Branson & Mehl 1 93 3 . Typical Chirognathus occurs much
higher, above the B. gerdae Zone (Webers 1 966) and may
belong to the same lineage, which seems to be confined to
the Midcontinent. Bergstroemognathus Serpagli 1 974 and
Appalachignathus Bergstrom, C arnes, Ethington, Votaw &
Wigley 1 974 may be related to this group. They occur in the
American part of the North Atlantic province and the
Midcontinent, but, although having almost worldwide dis
tribution (Serpagli 1 974; Bergstrom & C arnes 1 976; Cooper
1 98 1 ) , have not been recorded from the Baltic area. Juvenile
specimens of Whiterockian Leptochirognathus Branson & Mehl
1 943, different from older Chosonodina only in very robust
denticulation, have a base with an acute outer side, which may
be a remnant of the small lateral process of Tripodus laevis
Bradshaw 1 969 from the West Spring C reek Formation of
Oklahoma. A similar process occurs in Jumudontus gananda
Cooper 1 98 1 with an almost worldwide occurrence (except the
Baltic region) , and in unnarned species of the same genus from
the Joins Formation of Oklahoma (see McHargue 1 975) . All
these conodonts are supposed to be indicative of warm,
shallow-water environments ( Barnes et al. 1 973; Bergstrom &
Carnes 1 976) .

Multioistodontidae Bergstrom 1981
I provisionally assemble here, following Bergstrom ( 1 98 1 ) ,
genera with apparatuses composed of hyaline, gently curved
ramiform elements that bear some similarity to those of the
Tremadocian Cordylodus Pander 1 856. Among them, Multiois
todus C ullison 1 938 s . s . (restricted to species that lack a
geniculate ne element and with rather little distinction
between elements of the apparatus) and Erismodus Branson &
Mehl 1 933 ( together with related forms) are almost exclu
sively Midcontinent lineages ( Sweet 1 982) . Erraticodon Dzik
1 978, which appeared briefly two times in the Baltic area (Dzik
1 978) , is more common on the American side of the North
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Atlantic province ( Sweet & Bergstrom 1 962; Stouge in press) ,
and i n the Midcontinent ( Harris e t al. 1 979; Ethington & Clark
1 98 1 ) but it is a lineage that is rather typical of the Australian
province (Bergstrom 1 97 1 ; Cooper 1 98 1 ) . Spinodus Dzik 1 976
may have originated from Erraticodon through some transi
tional forms that occur in the Midcontinent (see Bradshaw
1 969, Pl. 1 3 7 : 7- 1 1 ) and North Atlantic provinces (Landing
1 976; Stouge in press) . I t occurs subordinately in the North
Atlantic part of the Appalachians ( Sweet & Bergstrom 1 962;
Bergstrom & Carnes 1 976) , central Newfoundland (Fåhraeus
& Hunter 1 98 1 ) , Scotland and Wales (Bergstrom 1 97 1 ) , the
Holy Cross Mountains, Poland, and the Baltic area (Dzik
1 976) .

Fryxellodontidae Miller 1981 (Fig. 2)
Discovery of two more specimens of Nericodus Lindstrom 1 955
in the P. proteus Zone of Ottenby, b land ( Fig. 2 B, C ) , which
appear to be morphologically similar to Polonodus Dzik 1 976
(Fig. 2 A, D), suggests to me that these genera, together with
Fryxellodontus Miller 1 969, which shares a widely conical shape
and lacks a well-defined cusp, represent a group of closely
related lineages. Even if the b land specimens represent a
species intermediate between Tremadocian Nericodus and
Late Arenigian Polonodus, this does not necessarily mean that
Polonodus originated in the Baltic area. This genus, before its
brief appearance in the Kundan of the Holy Cross Mountains
and the Baltic area (Dzik 1 976) , seems to have been rather
widespread in Texas, Nevada (Harris et al. 1 979; Bergstrom
1 978, 1 979) , and western Newfoundland where it is well
represented in the Table Head Formation (Stouge in press) .
Although very variable, and exhibiting morphologic change
during ontogeny, Polonodus does not seem to have had a
differentiated apparatus, or to have been represented by many
species.
Panderodontidae Lindstrom 1970 (Fig. 3)
This group ( taken to include the Belodellidae Khodalevich &
Tschernich 1 9 73) is characterized by species whose skeIetal
elements have a very deep basal cavity and whose apparatuses
have low morphologic diversification. Little is known about its
early evolu tion. The mos t generalized morphology of elemen ts
is shown by Scalpellodus Dzik 1 976, which is known to occur in
the Baltic area from the end of the early Volkhovian ( Lofgren
1 978) but does not have any known Baltic ancestry. There is
]jttle morphologic difference between S. latus (van Wamel
1 974) , the oldest, and S. cavus (Webers 1 966) , the youngest
species of this genus ( Fig 3: 22, 2 7 ) and originally they were
considered to belong to the same chronospecies (Dzik 1 976) .
Lofgren ( 1 978) has shown, however, that during the Early
Ordovician some evolutionary transformation occurred in
this lineage in the Baltic area, which was expressed mostly in
the smoothing of the surface of elements and simplification of
the apparatus . Elements of the Scalpellodus apparatus are
difficult to dis tinguish from particular elemen ts of Gen. n. B
( 'Ordovician Belodella' ) and the 'Paitodus' jemtlandicus Lofgren
1 978 group, therefore it is not easy to trace distribution of this
genus on the basis of data in the literature. Macerodus dianae
Fåhraeus & Nowlan 1 978 from the Cow Head and St. George
groups of Newfoundland (Stouge 1 982) , may represent the
'scandodontiform' element of S. latus or a related species (see
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Lofgren 1 978; Pl. 5:6) . On the other hand elements of
Scalpellodus striatus Ethington & Clark 1 98 1 from the Fillmore
Formation of Utah ( Ethington & Clark 1 98 1 ) may well belong
to other genera with generalized morphology ofelemen ts of the
apparatus. Certain Scalpellodus occurred in the Midcontinent
from the time of the E. suecicus Zone (Harris et al. 1 979) , was
also not uncommon in the Appalachians ( Bergstrom &
Carnes 1 976) and lasted there even after its disappearance in
the Baltie area. Possibly this lineage reappeared briefly in the
Baltic area in the Ashgillian (Viira 1 974) .
Panderodus Ethington 1 959, which differs from Scalpellodus in
possessing a fissure on the lateral side ofthe elements, is known
to occur in the O. evae Zone of Argentina (Serpagli 1 974; Fig.
3: I I and possibly in Australia ( 'Protopanderodus primitus Druce'
of Cooper 1 98 1 ) . I t did not appear in the Bal tie area before
the middle Kundan (Dzik 1 976) and appeared in the Midcon
tinent even later, the oldest on es there being known from the
Crystal Peak Dolornite of Utah (Ethington & Clark 1 98 1 ) . It
shows a scattered but wide distribution in both these pro
vinces . Severai other conodont lineages with elements bearing
a lateral fissure may be derived from Panderodus, all of them
being typical representantives ofshallow-water communities .
Among them D apsilodus Cooper 1 976 (Fig. 3 : 1 6 ) , has very wide
distribution, but Scabbardella Orehard 1 980 (Fig. 3 : 1 9) seems
to be confined mostly to Wales and the Holy Cross Mountains
before the Ashgillian.
The most typical of the North American Midcontinent
group of conodonts with coniform elements are robustly
denticulated panderodontids, which were represented in the
late Middle Ordovician by at least two lineages of the genera
Pseudobelodina Sweet 1 979 (Fig. 3 :2 1 ) , and Belodina Ethington
1 959 (Fig. 3 : 1 7, 1 8) , which in the Late Ordovician were
supplemented by several lineages of Culumbodina Moskalenko
1 9 7 3 , Plegagnathus Ethington & Furnish 1 959, and Parabelodina
Sweet 1 979 ( Sweet 1 979 b ) . The oldest known speeies of this
group, B. monitorensis Ethington & Schurnaeher 1 969, appears
in the middle part of the McLish Formation of Oklahoma and
initiated a lineage that became widespread in the Midconti
nent (Sweet 1 98 1 a; see als o Nowlan 1 979) but did not enter the
Baltic area until the latest C aradocian (Viira 1 974; Dzik 1 976;
S. M. Bergstrom, personal communication) . Precise place of
origin and ancestry of Belodina is unknown, although the
ancestor was almost certainly some speeies of Panderodus
(Sweet 1 9 8 1 a) . The oldest known serrated Panderodus-1ike
conodonts have been described from the Late Llanvirnian of
the Baltie area (Dzik 1 976) as Belodella serrata Dzik 1 976 (Fig.
3 : 20) . I ts direct relationship to the Silurian Belodella is
questioned ( Ethington & Clark 1 98 1 ) and it may rather be
related to Pseudobelodina, which has more elaborated denticu
lation but still a low degree ofdiversification of elements in the
apparatus ( Sweet 1 979 b) . Because ofthe rarity of B. serrata in
Baltic assemblages it can hardly represent a Baltic lineage.
Roots of the Belodina group are to be looked for elsewhere.

Protopanderodontidae Lindstrom 1970 (Fig. 3)
This highly diversified group of conodonts ( taken to include
the Scolopodontidae Bergstrom 1 98 1 , Oneotodontidae Miller
1 98 1 , and Teridontidae Miller 1 98 1 ) includes speeies having
robust elements with a relatively shallow basal cavity and
usually a distinet coniform tr element in the apparatus.
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Fig. 2. DA, D. Polonodus clivosus (Viira 1 974) , erratic boulder of
glauconitic limes tone E-080, early E. pseudoplanus Zone as indicated by
associated Baltoniodus, Mochty near Warsaw, Poland; speeimen

ZPAL CVI/2 1 7, oblique lateral and oral views to compare with
Nericodus(?) sp.; X 1 00 and 95, respectively. DB, C. Nericodus(?) sp.,

Ottenby, southern O land, sample Ot- 7 , 95 cm above the base of
Jimestone , sequence, P. proteus(?) Zone, Early Latorpian. D B. Speei
men ZPAL CVI/38 1 , oral view, X 48. DC. Speeimen Z PAL CVI/382,
x 88.

Although no speeies intermediate in age between the
Tremadocian Semiacontiodus nogamii (Miller 1 969) from the
Notch Peak Formation of Utah· and S. comuformis (Sergeeva
1 963) from the Baltic late Volkhovian and Kundan has been
described (however, 'Scalpellodus latus' of Cooper 1 98 1 may
belong here) there is no significant difference in morphology
and composition of the apparatus that would substantiate
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their generic distinction (Dzik 1 976) . S. cornuformis occurred in
the Ba1tic area unti1 the end of the Caradocian without
significant change in morpho10gy. A similar form occurs in the
Antelope Valley Limestone of Nevada together with Eoplaco
gnathus suecicus, but it is undear whether it represents an influx
of the Baltic lineages or is a continuation of a Tremadocian
Midcontinent lineage of the genus. Certainly the Midconti
nent population of Semiacontiodus evolved separately from the
Baltic one later, in the time span between the deposition of the
Tu1ip Creek and Mountain Lake formations of Oklahoma
(Fig. 3: 1-3 ) , and developed a very characteristic incision of the
lateral carinae dose to the base (Staufferella Sweet, Thompson
& Satterfield 1 9 75) . This feature seems to develop further
(Webers 1 966; Bergstri:im & Sweet 1 966; Sweet et al. 1 975) and
has some biostratigraphic potential. An opposite direction in
evolution is represented by S. longicostatus (Drygant 1 974) from
the Holy Cross Mountains and Volhynia ( Fig. 3 : 7 ) , which lost
lateral carinae on the tr element ( Dzik 1 976) .
Another lineage of conodonts similar to Semiacontiodus, but
having two types ofsymmetrical elements with Panderodus-like
fissures, helps to link Midcontinent and Baltic conodont
faunas (Fig. 3 : 8- 1 0) . Bergstri:im ( 1 979:303) has noted the
common occurrence of asymmetrical, wide elements origi
nally described as Protopanderodus asymmetrieus Barnes &
Poplawski 1 973, with symmetrical prominently striated and
costate elements in several localities, and suggested that they
belong to the same apparatus . This species seems to have a
very wide, but time-restricted occurrence, being known from
the lower part of theJoins Formation of Oklahoma, the upper
Fillmore to Juab formations of U tah (Ethington & Clark
1 98 1 ) , the Antelope Valley Limestone of Nevada (Harris et al.
1 979) , the Mystic Conglomerate of Quebec (Barnes &
Fig. 3. Proposed interrelationships among selected Baltie and Mid

continent lineages of Panderodontidae and Protopanderodontidae.
For explanation of column symbols, see Fig. 4. ( l ) Stauflerellafalcata
(Stauffer 1 93 5 ) ; apparatus reconstruction of Sweet et al. ( 1 975) . (2)
Staufferella sp. n . , Mountain Lake Formation, Oklahoma. ( 3 ) Semiacon
tiodus sp. n . , McLish Formation, Oklahoma. (4, 5) S. cornuformis
(Sergeeva 1 96 3 ) , after Dzik ( 1 976) . (6) S. carinatus Dzik 1 976; after
Dzik ( 1 9 76) . ( 7 ) S. longicostatus (Drygant 1 974) ; after Dzik ( 1 976) . (8)
Ctyptoconus(?) asymmetricus (Barnes & Poplawski 1 9 7 3 ) ; apparatus
reconstruction of Bergstrom ( 1 979) . (9) C. (?) strialus ( Graves &
Ellison 1 94 1 ) ; data from Ethington & Clark ( 1 98 1 ) . ( l O) C.(?)
cornutiformis (Branson & Mehl 1 93 3 ) ; after Kennedy ( 1 980) and
Ethington & Clark ( 1 98 1 ) . ( I l ) Panderodus sp.; after Serpagli ( 1 974) .
( 1 2, 1 3) P. sulcatus ( Fåhraeus 1 966) ; after Lofgren ( 1 978) and Dzik
( 1 976) . ( 1 4) P. sp. McLish Formation, Oklahoma. ( 1 5) P. sp.,
Mountain Lake Formation, Oklahoma. ( 1 6) Dapsilodus viruensis
(Fåhraeus 1 966) ; after Dzik ( 1 976) and Lofgren ( 1 978) . ( 1 7) Belodina
monitorensis Ethington & Schurnaeher 1 969, McLish Formation,
Oklahoma. ( 1 8) Same speeies, Mountain Lake Formation,
Oklahoma. ( 1 9) Scabbardella altipes (Henningsmoen 1 948) ; after Dzik
( 1 976) . (20) Pseudobelodina (?) serrala (Dzik 1 976) ; after Dzik ( 1 976) .
( 2 1 ) P. sp., Mountain Lake Formation, Oklahoma. (22) Scalpellodus
latus (van Wamel 1 9 74 ) ; after van Wamel ( 1 974) . ( 2 3 ) S. gracilis
( Sergeeva 1 974) ; after Lofgren ( 1 978) . (24) S. viruensis Lofgren 1 9 78;
after Lofgren ( 1 978) . (25) S. sp.; after Dzik ( 1 976) . (26) S. cavus
(Webers 1 966) , Mountain Lake Formation, Oklahoma. (27) Same
speeies after Webers ( 1 96 6 ) . (28) Protopanderodus liripipus Kennedy,
Barnes & Uyeno 1 9 79; after Dzik ( 1 97 6 ) , Harris el al. ( 1 979) . (29) P.
varicostalus ( Sweet & Bergstrom 1 962) , Tulip Creek Formation,
Oklahoma. (30) P. sp., McLish Formation, Oklahoma. ( 3 1 ) P.
gradatus Serpagli 1 974; after Dzik ( 1 976) . (32) P. sp . , Oil Creek
Formation, Oklahoma.
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Poplawski 1 973) , the Catoche, Port au Choix, and Table Head
Formations of Newfoundland (S touge 1 982, and in press) , the
Hølonda Limestone of Norway (Bergstri:im 1 979) , and the
Kundan of O land and Jamtland, Sweden ( Li:ifgren 1 978) .
Gracile striated elements of the same type occur throughout
the Ibex section of Utah; however, below the range of P.
asymmetrieus they are associated with more elongate asymmet
rical elements, which together may represent another part of
the same assemblage for which the name Glyptoconus(?) striatus
(Graves & Ellison 1 94 1 ) is avai1able (see Ethington & Clark
1 98 1 ) . Some hyaline symmetrical elements from the lower
most Fillmore Formation of U tah ('Scolopodus' cornutiformis
Branson & Mehl 1 933 and. S. paracornutiformis Ethington &
Clark 1 98 1 ) , the Jefferson City Formation of Missouri (Ken
nedy 1 980) and the West Spring Creek Formation of
Oklahoma may represent roots of this lineage, which then
appears to be very typical of the Midcontinent Early Ordovi
cian faunas .
Until now the evolution of Protopanderodus Lindstri:im, 1 9 7 1
has been recognized i n only very general terms (see Dzik 1 976;
Li:ifgren 1 978; Bergstri:im 1 978; Harris et al. 1 979; Kennedy et
al. 1 979) and connections between Midcontinent and Baltic
populations cannot be traced exactly. It is not dear if
Whiterockian Protopanderodus from Oklahoma ( Fig. 3 : 3 1-32) ,
is conspecific with contemporaneous Baltic populations .
Some differences can be found between samples from the Oil
Creek and McLish formations where a few Protopanderodus
elements with a flat anterior side ( Fig. 3 : 3 2 ) have been found.

Ulrichodinidae Bergstrom 1981 (Fig. 4)
F or a long time Ulrichodina Furnish 1 938 has been considered
to have had a monoelemental apparatus (Sweet & Bergstri:im
1 972; Kennedy 1 980; Ethington & Clark 1 98 1 ) , and to be an
exdusively Midcontinent genus without known ancestry . In
most of its known occurrences (never in great number) its
symmetrical elements occur with asymmetrical elements of
identical coloration and somewhat similar shape (Fig. 4:2) .
Such an association is also recorded in a sample from the top of
the West Spring Creek Formation of Oklahoma, which
indudes asymmetrical elements that are similar to, or identi
cal with, Eucharodus parallelus (Branson & Mehl 1 933) (see
Kennedy 1 980) . This is exactly the type of association typical
of Scandodus furnishi Lindstri:im 1 955 (see Bergstri:im 1 98 1 ) ,
occurring, among other localities, i n the Latorpian ofOttenby
diff, b land (Fig. 4: I ) . Below the range oftypical Ulrichodina, in
the House Formation of Utah, Ethington & Clark ( 1 98 1 ) have
found severai elements which they identified as 'Scandodus' sp.
n. 5, that are very similar to S. furnishi and may represent a
Midcontinent population of this species before its divergent
evolution into U. abnormalis (Branson & Mehl 1 933) . This
species has a tr element with a characteristic, but not unique,
undulation of the base, which is known to occur als o in Paltodus
(see Szaniawski 1 980) . Ulrichodina (ind. Scandodus) did not
develop a geniculate ne element, which separates it from
Paltodus, and it may be a successor of Utahconus Miller 1 980,
which has a similar apparatus . composition and element
morphology ( Miller 1 980) .

Distacodontidae Bassler 1925 (Fig. 4)
The oldest known representative of this group (taken to
indude the Drepanoistodontidae Bergstri:im 1 98 1 ) , Paltodus

68 Jer;:,y Dzik

FOSSILS AND STRATA 15 (1983)

1mm
~

:o
lO
.;:
lO

:>

CD

fl)

"c:

.~

fl)

o.: c:

_Laurentia
tii
w·

Laurentia & lapetus

"

.Q

0

~

_ISlandS of lapetus

~~~:~:~~:~:~:lBa'tica

& lapetus

DBa,tica
fl)

·u".,"

"

fl)

w

c.
o

.,"

"C
•

fl)

wc.

.,
.,:>
lO

ei

Laurentia, lapetus & Baltiea

FOSSILS AND STRATA 1 5 ( 1 983)

deltifer Lindstrom 1 955, from the Ceratopyge Limestone of
Sweden and time-equivalent strata in Estonia and the Holy
Cross Mountains (see Szaniawski 1 980) still has ne elements of
a very primitive shape, with indistinct geniculation, and tr
elements of Ulrichodina shape ( Fig. 4:4) . Subsequent evolution
of Paltodus, Drepanoistodus, and Paroistodus has be en discussed
by Lindstrom ( 1 9 7 1 ) and Dzik ( 1 976) . With the possible
exception of Drepanoistodus these lineages are confined in their
phyletic evolution to the Baltic area, with severaI brief
appearances in the Midcontinent (see Barnes & Poplawski
1 973; Ethington & Clark 1 98 1 ) . It has be en suggested by
Stouge (in press) that element-species ' Cordylodus' horridus
Barnes & Poplawski 1 973 was associated in the same
apparatus with an ne element of Paroistodus originalis ( Sergeeva
1 963) shape. My study of material from Nevada described by
Harris et al. ( 1 979) supports this idea (Fig. 4: 1 8) . It seems that
P. horridus is a Midcontinent offshoot of the Baltic Paroistodus
lineage, which developed denticu1ation on the posterior
process of non-ne elements in the same way as in Protopan
derodus insculptus (Branson & Mehl 1 933) (see Bergstrom
1 978) .
Lindstriim ( 1 97 1 ) has distinguished two chronospecies of
Baltic Drepanoistodus, which represent subsequent steps in
relative elongation of the cusp of the ne element. Although
such an evolutionary transformation obviously to ok place, it is
obscured by high variability of this element within Baltic
populations (van Wamel 1 9 74; Dzik 1 976; Lofgren 1 978) .
There is no problem finding a distinction between the older of
these chronospecies, D . forceps ( Lindstriim 1 955) ( Fig. 4: 1 3 ) ,
and Midcontinent D . angulensis ( Harris 1 962) from the Joins
and overlying formations of Oklahoma ( Fig. 4: 1 2 ) and
contemporaneous strata of U tah (Ethington & Clark 1 98 1 ) .
D . angulensis seems to b e more advanced i n morphology of the
ne element than the second Baltic chronospecies, D. basiovalis
(Sergeeva 1 963) , and there is a problem of distinction between
D. angulensis and the younger D. suberectus (Branson & Mehl
1 933) . It remains also to be determined to what degree
evolution of Drepanoistodus was independent in the Midconti
nent and Baltic area.

Fig. 4. Proposed interrelationships between Baltic and Midcontinent
lineages of Ulrichodinidae and Distacodontidae. ( I ) Ulrichodina
(Scandodus) fumishi ( Lindstriim 1 955) ; after Bergstriim ( 1 98 1 ) . (2)
Ulrichodina abnormalis (Branson & Mehl 1 93 3 ) , West Spring Creek
Formation, Oklahoma. (3) 'Paltodus' jemtlandicus Liifgren 1 9 78; after
Liifgren ( 1 978) . (4) Paltodus deltifer ( Lindstriim 1 955) , Ceratopyge
Beds of b land. (5) P. subaequalis Pander 1 856, Latorpian of b land . (6)
Gen. n. ofLiifgren ( 1 9 78) . (7) Besselodus semisymmetrieus (Hamar 1 966) ;
after Dzik ( 1 9 76) . (8) B. sp., Mountain Lake Formation, Oklahoma.
(9) B. variabilis (Webers 1 966) ; data from Webers ( 1 966) ; see also
Aldridge ( 1 982) . ( 1 0) Drepanoistodus suberectus (Branson & MehI 1 933) ;

after Bergstriim & Sweet ( 1 966) and Webers ( 1 966) . ( I l ) Same
speeies, McLish Formation, Oklahoma. ( 1 2) D. angulensis (Harris
1 962) , Oil Creek Formation, Oklahoma. ( 1 3) D. forceps (Lindstriim
1 955) ; after Dzik ( 1 976) . ( 1 4) Paroistodus numarcuatus (Lindstriim
1 955) , Ceratopyge Beds of b land. ( 1 5 ) P. proteus (Lindstriim 1 955),
Latorpian of b land. ( 1 6) P. paraltelus (Pander 1 856) , Latorpian of
b land. ( 1 7) P. originalis ( Sergeeva 1 963) ; after Dzik ( 1 976) . ( 1 8) P. (?)
horridus (Barnes & Poplawski 1 96 3 ) , Antelope Valley Limestone,
Nevada.

Ordovician conodontfaunas

69

Oistodontidae Lindstrom 1970 (Fig. 5)
The oldest well-known species ofthis group ( tentatively taken
to indude the J uanognathidae Bergstrom 1 98 1 ) is ' Trian
gulodus' subtilis van Wame1 1 974, which appeared in the Baltic
area in the P. proteus Zone (van Wamel 1 974; Fig. 5 : 1 3 ) .
Having very primi tive morphology of elemen ts, the apparatus
of this species differs from similar apparatuses of the Dis
tacodontidae in triramous tr and pl elements and from
Eoneoprioniodus ( Triangulodus) in biramous oz and triramous
pl, as well as in albid, instead of hyaline, elements. It may be
considered an ancestor of severai lineages of Protoprioniodus
McTavish 1 973, which developed mostly in Australia
(McTavish 1 973; Cooper 1 98 1 ) but occasionally invaded the
Midcontinent ( Ethington & Clark 1 98 1 ) and the Baltic area
(van Wamel 1 974; Cooper 1 98 1 ) . To this genus may be
assigned a lineage typical of the Midcontinent represented by
' Gothodus' marathonensis Bradshaw 1 969 ( Fig. 5: I l ) , which may
be a direct successor of Australian 'Micro::.arkodina' adentata
McTavish 1 97 3 . It has a highly diversified apparatus, with
denticulated ramiform elements, and was widely distributed
from the District of Mackenzie (Tipnis et al. 1 979) , Utah
(Ethington & C lark 1 98 1 ) , through Texas ( Bradshaw 1 969) ,
Oklahoma ( Mound 1 965; McHargue 1 9 75) , to Scotland
(Higgins 1 967) .
Histiodella Harris 1 962 developed from a Juanognathus-like
ancestor (Ethington & Clark 1 98 1 ) that probably differed
from ' T' . subti/is only in the reduced posterior processes of tr
and pl elements . The Histiodella lineage (Fig. 5: 1-5) , was
typical of marginal areas of Laurentia, and is known to have
occurred during the Early Whiterockian in the American part
of the North Atlantic province (induding the Hølonda
Limestone of Norway; Bergstrom 1 979) and in the Midconti
nent (Barnes & Poplawski 1 973; Landing 1 976; Harris et al.
1 979; Ethington & Clark 1 98 1 ) . Its advanced species, H.
holodentata Ethington & Clark 1 98 1 , briefly invaded the Baltic
area and the Holy Cross Mountains in the Kundan (Viira
1 974; Dzik 1 9 76, 1 978) . Evolution of denticulation in the
Histiodella lineage provides an excellent tool for time correla
tion of the Midcontinent Early Whiterockian ( McHargue
1 982; Stouge in press) .
The Midcontinent and Baltic lineages of Oistodus Pander
1 856 differ from each other in the width oflateral processes oftr
elements and they may have had an independent origin from
Protoprioniodus ( Fig. 5 : 1 4, 1 5 ) .
=

Periodontidae Lindstrom 1970 (Fig. 5)
The group is tentatively taken to indude the Cyrtoniodon
tidae Hass 1 959 (see confusion with Cyrtoniodus in Bergstrom
1 98 1 ) . The oldest, still unnarned species of Periodon appears in
the P. elegans Zone or slightly earlier (van Wamel 1 974) . It
differs from contemporaneous Oistodontidae in the ramiform
appearance of all elements except ne ones ( Fig. 5: 1 6) . Even in
the O. evae Zone some sp elements can be found with
undenticulated blades . Tr and pl elements have well
developed lateral processes (Serpagli 1 974; Landing 1 9 76;
Dzik 1 976) , which puts the species dose to Micro::.arkodina
flabellum (Lindstriim 1 955) , its supposed derivative (see
Liifgren 1 978) . Micro::.arkodina has reduced posterior proeesses
in these types of elements and in the Kundan developed
denticulation on the anterior process of the sp element, being
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in these respects similar to the oldest speeies of Plectodina (see
Sweet 1 98 I a: 246) , 'Phragmodus ' polonicus Dzik 1 978, which,
however, has an oz element with an anterolateral proeess
(Dzik 1 978; Stouge in press; Fig. 5: 1 0) . Evolution of all these
lineages seems to be concentrated in the North Atlantic
province, but they differ in their distribution, and Microzar
kodina very rarely invaded the Midcontinent (Ethington &
Clark 1 98 1 ) while Plectodina is unknown in the Baltie area.
The evolution ofPlectodina has great importance for the later
history of conodont faunas but it is not possible to reconstruct
it now in detail. Presurnably severai independent lineages
evolved in the seas ofthe Welsh Massif, the Appalachians, and
the western margin of the Midcontinent. These are distin
guishable mostly in the development of denticulation on the ne
element. Welsh P. flexa (Rhodes 1 952) ( Fig. 5 : 7) may be an
ancestor of younger Aphelognathus rhodesi (Lindstriim 1 959)
from the Crug Limestone (Orchard 1 980; Sweet 1 98 1 a) which
differs from it only in the complete reduction of the anterior
( 'lateral' ) process of the oz element (Fig. 5:8) . This species was
the most characteristic among non-Baltic forms that appeared
in the Oanduan of the Baltie area (Fig. I OA-G; Viira 1 9 74)
and destroyed the c!imactic Baltic conodont community
evolving there since the Arenigian ( Fig. I l ) . The Aphelognathus
lineages appeared in the Midcontinent somewhat later, the
oldest speeies being A . kimmswickensis Sweet, Thompson &
Satterfield 1 975 ofKirkfieidian age (Sweet 1 98 I a) , which may
even be an independent derivative ofP. aculeata (Stauffer 1 935)
(Sweet 1 98 1 a) .

Prioniodontidae Bassler 1925 (Fig. 6)
The group is taken to inc!ude the Oepikodontidae Bergstriim
1 98 1 and Pygodontidae Bergstriim 1 98 1 . Still inadequately
known speeies of Acodus Pander 1 856 appearing in the
Tremadocian of the Baltie area and the Holy C ross Mountains
are supposed to be derivatives of Paltodus, and are the oldest
representantives of this group. They differ from Paltodus in
having much more prominent lateral ribs or processes of the
oz, tr, and pl elements ( Lindstriim 1 97 1 ; Szaniawski 1 980) .
Among Baltic Acodus s.1. are almost certainly the ancestors of
both the Oistodontidae and the Prioniodontidae. Origin of the
latter is marked by development of a fourth rib on the pl
element. Tripodus distortus (Branson & Mehl 1 933)
( Diaphorodus delicatus; see Lindstriim 1 977; Kennedy 1 980;
=

Fig. 5. Proposed interre!ationships among Baltic and Midcontinent
lineages of Oistodontidae and Periodontidae. ( I ) Histiodella sp. n . ;
after Ethington & Clark ( 1 98 1 ) . ( 2 ) H . altifrons Harris 1 962, Joins
Formation, Oklahoma. (3) H. sinuosa (Graves & Ellison 1 94 1 ) , Oil
Creek Formation, Oklahoma. (4) H. holodentata Ethington & Clark
1 98 1 ; after Dzik ( 1 9 78) . (5) H. sp. n . ; after Harris et al. ( 1 979) . (6)
Plectodina cf. joachimensis Andrews 1 967, Dutchtown Formation,
Missouri. ( 7 ) P.jlexa ( Rhodes 1 952) , LIandeilo Limestone, Wales. (8)
Aphelognathus(?) rhodesi ( Lindstr6m 1 959) , Oanduan of Baltic area.
(9) Plectodina sp. n . , 'Bromide' Formation, Oklahoma. ( 1 0) P. polonica

( Dzik 1 978) ; data from Dzik ( 1 978) and Stouge ( 1 980) . ( I l )
Protoprioniodus(?) marathonensis (Bradshaw 1 969) , Joins Formation,
Oklahoma. ( 1 2) P. elongatus (Lindstr6m 1 955) ; after van Wame!
( 1 974) . ( 1 3) P. (?) subtilis (van WameI 1 974) ; after van Wamel ( 1 974) .
( 1 4) Oistodus lanceolatus Pander 1 856 (not illustrated) . ( 1 5) O. (?)
multicorrugatus Harris 1 962, Joins Formation, Oklahoma. ( 1 6) Periodon
sp. n . , uppermost Latorpian, G land. ( 1 7) Microzarkodina ozarkodella

Lindstr6m 1 9 7 1 (not illustrated) .
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Ethington & Clark 1 98 1 ) , which is c!osely similar to Baltie
Acodus and possibly conspecific with one of its species, is
widespread in the Midcontinent, among other localities in the
upper West Spring Creek Formation of Oklahoma (Fig. 8:22) .
Diversification of apparatuses with ramiform elements prob
ably took place in Australia during the deposition of the
Emanuel Group (McTavish 1 973) but still little is known
about the origin of the most characteristic and widespread
speeies of this family: Prioniodus elegans Pander 1 856; Oepikodus
evae (Lindstriim 1 955 ) , and Prioniodus(?) communis (Ethington
& Clark 1 964) . In the case of the first two species this
significantly undermines concepts of zones based on their
occurrences .
Prioniodus (?) communis (Fig. 6 : 1 5 ) , which may be conspecific
with 'Gothodus ' microdentatus van Wamel 1 974, that appears in
the Baltie area before P. elegans (see van Wam el 1 974) , and
evolved in the Midcontinent into a form with rather robust
lateral process of the oz (incl. sp) element ( Fig. 6: 1 6) . I am
inc!ined to identify this speeies, which occurs in the basal part
of the Joins Formation of Oklahoma, with the Argentinian
P. (?) intermedius Serpagli 1 974 rather than with Australian
P. (?) minutus McTavish 1 973, as has been done by Ethington &
Clark ( 1 98 1 ) . I would consider identity ofP. (?) intermedius with
P. (?) communis unlikely. O. evae deeply differs from P. (?)
communis in having tetraramous rather than triramous tr
elements (Fig. 6: 1 ; Bergstriim & Cooper 1 973) .
In the Oklahoma section supposed P. (?) intermedius I S
followed, with some overlap, by a prioniodontid species with a
Scalpellodus-shaped oz(sp) element in its apparat us, and
probably conspecific or c!osely related to 'Belodella' robusta
Ethington & Clark (Fig. 6: 1 7) . This lineage occurs without
significant changes throughout almost the entire Whiterock
ian (Bergstriim 1 978; Harris et al. 1 979; Stouge in press) with
very few short-lived occurrences in the Baltie area (Liifgren
1 978) . The Oklahoma material is toa meager to test suspicion
of possible P. (?) intermedius - 'B' . robusta relationships but
because of the general plan of the apparatus, a prioniodontid
relationship of the diseussed lineage seems indisputable. It has
nothing to do with Siluro-Devonian Belodella Ethington 1 959,
which is rather an offshoot of serrated panderodontids, and
there is urgent need for a generic name for the Ordovician
speeies.
An unnarned prioniodontid that occurs in the Fill.nore
Formation of Utah ( ' ?Ruetterodus sp.' of Ethington & Clark
1 98 1 ) and in the Joins Formation ofOklllhoma ('Haddingodus'
ofMound 1 965; Fig. 6 : 7 herein) may help in understanding the
apparatus of the bizarre North Atlantic Pygodus Lamont &
Lindstriim 1 95 7 . I ts apparatus has a prioniodontid plan, but
differs in the rather peculiar denticulation and reduction of the
posterior process of sp element while the anterior and lateral
proeesses are connected by the expanded base (Fig. 6 : 7 ) .
Composition of this apparatus is reconstructed very provi
sionally and more detailed studies may change many detaiJ.s;
however, it seems that typical Pygodus apparatuses can be
derived from it through intermediate forms described by
Landing ( 1 976) as Fryxellodontus? ruedemanni Landing 1 976
(inc!. Stolodus sp. cf. S. stola) from the O. evae Zone of New York
and by Liifgren ( 1 978) from the Kundan of Sweden . The
evolution ofPygodus has been used as \ basis for zonation of the
Llandeilian of the North Atlantl � and Baltic provinces
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(Bergstrom 1 97 1 ) ; therefore the mode of its evolutionary
transformations is of particular interest to geochronology.
Fåhraeus & Hunter ( 1 98 1 ) have opposed the earlier assump
ti on that P. serra (Hadding 1 9 1 3) and P. anserinus Lamont &
Lindstrom 1 95 7 , were parts of the same evolutionary lineage,
and stated that P. anserinus evolved allopatrically from P. serra
with significant overlap in their time distribution. Having a
priori nothing against such an interpretation I must note that
not enough evidence for it has been presented by Fåhraeus &
Hunter ( 1 98 1 ) . Their data show an increase in the con tri bu
tion ofsp elements with four rows and a decrease of three-row
ones. Although each type of sp elements is typical of the
particular speeies, their common occurrence in samples
jntermediate in age between occurrences of typical popula
tions of both speeies, does not necessarily mean that two
genetically isolated populations are represented by each of
these samples . Biometrical evidence for a morphologic gap
between P. serra and P. anserinus morphotypes occurring in the
same samples is necessary to show this . AIso, it must be kept in
mind that the fourth row on the sp element of Pygodus appears
in ontogeny with some delay in respect to the other rows. A
simple change in the population dynamics of intermediate
populations may involve changes in the numerical con tri bu
tion of particular morphotypes to the samples .
Hamarodus Viira 1 974, which appears in the Baltic area
(Bergstrom 1 97 1 ; Viira 1 974) and the Holy Cross Mountains
(Dzik 1 976, 1 978) in the upper part ofthe A . superb us Zone ( Fig.
6 : 1 1 ) , also present in Wales (Orehard 1 980) and the C arnic
Alps (Serpagli 1 96 7) , is not known from the Midcontinent. Its
apparatus, which has sp and oz elements with a very deep
basal cavity, as well as tr and pl elements with reduced but still
denticulated lateral proeesses, suggests a relationship to Gen.
n. B ( 'Ordovician Belodella' ) rather than to Periodon (see
Bergstrom 1 98 1 ) , which differs in the pattern of denticulation.
Both interpretations would lead . to the same conclusion
regarding its supposed North Atlantic origin.

Fig. 6. Proposed interrelationships among selected Baltic and Mid

continent lineages of Phragmodontidae and Prioniodontidae. ( I )
Oepikodus evae ( Lindstriim 1 95 5 ) , Latorpian of b land. (2) Para
prioniodus costatus ( Mound 1 965) , Joins Formation, Oklahoma. (3)
Phragmodus flexuosus Moskalenko 1 973, Ante10pe Valley Limestone,
Nevada. (4) P. iriflexus Stauffer 1 935; after Sweet ( 1 98 1 a) . (5)
'Multioistodus' compressus Harris & Harris 1 962?, Oil Creek Formation,
Oklahoma. (6) Prioniodus elegans Pander 1 856; after van Wame1 ( 1 974)
and Bergstriim ( 1 98 1 ) . (7) Pygodus(?) aff. ruedemanni ( Landing 1 976) ,
Joins Formation, Oklahoma. (8) Pygodus sp. n . ; after Liifgren ( 1 978) .
(9) P. serra (Hadding 1 9 1 3) ; after Dzik ( 1 976) and Liifgren ( 1 978) . ( 1 0)
P. anserinus Lamont & Lindstriim 1 95 7 ; after Bergstriim ( 1 9 7 1 ) and
Sweet & Bergstriim ( 1 962) . ( I l ) Hamarodus europaeus (Serpagli 1 967) ;
after Dzik ( 1 976) and Orchard ( 1 980) . ( 1 2) Eoneoprioniodus alatus (Dzik
1 976) , Mountain Lake Formation, Oklahoma. ( 1 3) Same species,
McLish Formation, Oklahoma. ( 1 4) E. cryptodens Mound 1 965, Joins
Formation, Oklahoma. ( 1 5) ' Gothodus' microdentatus van Wamel l 974
and Prioniodus(?) communis (Ethington & Clark 1 964) ; after van Wamel
( 1 9 74) and Ethington & Clark ( 1 98 1 ) . ( 1 6) P. (?) intermedius Serpagli
1 9 74?, Joins Formation, Oklahoma. ( 1 7) Aff. 'Belodella' robusta
Ethington & C lark 1 98 1 , Oil C reek Formation, Oklahoma. ( 1 8)
'Belodella' jemtlandiea Liifgren 1 9 78; after Liifgren ( 1 978) . ( 1 9) 'B.'
nevadensis (Ethington & Schumacher 1 969) , McLish Formation,
Oklahoma.
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Phragmodontidae Bergstrom 1981 (Fig. 6)
The oldest speeies of Eoneoprioniodus Mound 1 965, which
occurs in the O. evae Zone of Argentina ( Serpagli 1 974) and
Australia (Cooper 1 98 1 ) , but invaded the Midcontinent
somewhat later, during deposition of the Kanosh shale of
Utah and the Joins Formation of Oklahoma ( Mound 1 965;
Ethington & Clark 1 98 1 ) , and appearing even later briefly in
the Baltie area ( Lindstrom 1 97 1 ; van Wame1 1 974; Dzik 1 976;
Lofgren 1 978) , differs from Acodus and Tripodus only in having
hyaline and generally much larger elements. Baltic E. bre
vibasis (Sergeeva 1 963) is a direct successor of primitive
Australian E. larapintinensis (Crespin 1 94 1 ) rather than a
relative of contemporaneous, alate Midcontinent E. cryptodens
Mound 1 965 ( Fig. 6: 1 4) . E. alatus (Dzik 1 976) has a Midconti
nent ancestry and is common in the McLish and the Mountain
Lake formations of Oklahoma ( Fig. 6: 1 3 ) .
Conodonts that are similar i n the apparatus organization
pattern, but different in having proeesses of all except ne
elements expanded into sharp-pointed blades, are known
from the most of the early Whiterockian Midcontinent
localities and were described by Ethington & Clark ( 1 98 1 ) as
Multioistodus compressus Harris & Harris 1 962. Although the
specific name may be appropriate ( this is hard to decide
without revision of the types of M. compressus) , this apparatus
(Fig. 6:5) is completely different from the apparatus of the type
speeies of Multioistodus, M. subdentatus C ullison 1 938, from the
Dutchtown Formation of Missouri, which also occurs in the
Joins Formation of Oklahoma. M. subdentatus has a cusp with a
rounded cross-section, has weakly diversified and very vari
able elements of the apparatus, and lacks a geniculate ne
element. I t may rather be related to Cordylodus. In the Joins
Formation a third Multioistodus-like speeies occurs, which
however, has non-hyaline elements and differs from both
speeies diseussed above also in having rather short, straight
and flat eusps . It seems to have no direct relation to 'M' .
compressus because its t r and p l elements have reduced posterior
proeesses. Possible relationships to Oistodontidae seem to be
unlikely because of the triramous oz(sp) element (Fig. 8: 1 ) .
These two Multioistodus-like lineages require new generic
names. The common occurrence of so many and such
morphologically similar forms, which are unknown else
where, remains to be explained .
Another strange Midcontinent lineage is represented by
'Scandodus' sinuosus Mound 1 965, which in Utah and
Oklahoma constitutes the co re of most pre-Phragmodus
assemblages (Fig. I l ) . Elements of its apparatus are almost
homeomorphic with primitive Eoneoprioniodus speeies but,
contrary to the reconstruction by Ethington & Clark ( 1 98 1 ) ,
the apparatus lacks geniculate n e elements . A n origin from
Eoneoprioniodus by reduction of the ne element, or from
Scolopodus, seems equally probable.
Paraprioniodus costatus ( Mound 1 965) (Fig. 6 : 2 ) may have
evolved from Eoneoprioniodus cryptodens and may have given rise
to early Phragmodus Branson & Mehl 1 933 ( Sweet & Dzik in
preparation) . Until the end of the Ordovician Phragmodus was
the most abundant conodont in the eastern Midcontinent.
Before the appearance of P. undatus Branson & Mehl 1 933 in
the Oanduan of the Baltic area, the only Baltic record of this
genus is two speeimens of an advanced P.flexuosus Moskalenko
1 9 7 3 found by Bergstrom ( 1 9 7 1 ) in the Kukrusean of Estonia.

74 Jer:;y Dzik

Balognathidae Hass 1959 (Figs. 7, 8)
The group is taken to indude the Polyplacognathidae Berg
stram 1 98 1 . Baltoniodus Lindstram 1 9 7 1 developed its
apparatus independently of and later than Prioniodus (Lind
stram 1 97 1 ; Dzik 1 983) , and is a derivative of the younger part
of possibly the same lineage of Acodus (Fig. 8 : 2 1 ) . U ntil the
invasion of the American part of the North Atlantic province,
and subsequently the Midcontinent, by B. variabilis (Berg
stram 1 962) and its successors, the evolution ofthis genus was
almost completely restricted to the Baltic and adj acent are as
(Dzik 1 976) . Some very rare species of Baltoniodus with
incompletely known apparatuses occurred before the appear
ance ofB. variabilis in the Midcontinent and the North Atlantic
provinces, however (Fig. 8 : 1 8) .
The origin from Baltoniodus, and the early evolution of
Amorphognathus Branson & Mehl 1 933, is well marked by
changes in morphology of the ne elemen t and development of a
platform on the sp element (Fig. 8:8, 9) . In the Late
Volkhovian of the Baltic area there was a species of Amorpho
gnathus similar to Baltoniodus navis (Lindstram 1 955) in mor
phology of the ramiform elements and with an ne element that
differed from the corresponding element ofBaltoniodus only in a
much larger angle between the cusp and posterior process - A .
falodiformis (Sergeeva 1 963) (Lindstram 1 97 7 ; Fig. 7A-E
herein) . In some populations of B. navis with robust elements,
the sp element has in some cases a lateral ridge on the posterior
process (Dzik 1 976, Fig. 22 a) . Fragments of similar appear
ance with a somewhat better developed platform have been
identified in a sample 30 cm below the top of the Asaphus
lepidurus Zone (Volkhovian) at Halludden, b land (Fig. 7A)
associated with typical ne elements ofA .falodiformis (Fig. 7E) .
A sample from the overlying, about 1 0 cm thick bed contains
sp elements with a somewhat more prominent posterolateral
process and with an initial crista on the posterolateral side of
the base of the ne element that is connected with a crista on the
posterior process in its proximal part. This V -shaped arrange
ment of cristae appears to be well developed in a sample from
the top layer of the Volkhovian at Halludden. All available
specimens of the sp element from severai samples of the
overlying Asaphus expansus Zone have a very weakly developed
bifurcation of the anterolateral process, with its widened
posterior part of the base lacking denticulation (Fig. 8:9) . This
is the typical A . variabilis Sergeeva 1 963. Subsequent samples
show, however, gradual development of the platform and
posterolateral process, which is always shorter than the
posterior one. Profound changes in the morphology of the
anterolateral process occur between samples bordering the
discontinuity surface between the A. expansus and A. raniceps
Zones (Bohlin 1 949; Jaanusson 1 957) . The basal sample from
the A. raniceps Zone con tains sp specimens wi th well-developed
denticulation on both rami ofthe anterolateral process, which
are of approximately equal length. Later evolution of Amor
phognathus has been discussed by Dzik ( 1 976, 1 978) . It may be
worth adding that the transition from B. navis to B. prevariabilis
parvidentatus (Sergeeva 1 963) occurs in the uppermost Volkho
vian and the transition from the latter chronosubspecies into
B. p. medius (Dzik 1 9 76) is in the middle of the A . expansus Zone,
while the typical population of B. p. medius has been recognized
1 90 cm above the base of the A. raniceps Zone.
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Elongation of the posterior ramus of the anterolateral
process in the sp elements marks the origin and early
development of Eoplacognathus Hamar 1 966. The oldest species
known, E. zgierzensis Dzik 1 976, which has been found 260 cm
below the top of the Kundan in the Gullhagen quarry,
Vastergatland ( the best specimen being unfortunately lost
during manipulations) , and in the Ohesaare borehole,
Estonia, has a posterior ramus of the process only about two
times longer than anterior one, while those of Amorphognathus
are of almost equal length and all younger species of Eoplaco
gnathus have a posterior ramus severai times longer than the
anterior one in com para ble ontogenetic stages of develop
ment. E. zgierzensis has an almost symmetrical pair of oz
elements, which, as in E. pseudopianus (Viira 1 9 74) , have all
processes of similar length. Asymmetry is better visible in oz
elements of E. pseudopianus and even more distinct in E. suecicus
Bergstram 1 97 1 , which has longer anterolateral processes of
these elements. Subsequent evolution of the Baltic Eoplaco
gnathus lineage has been discussed by Bergstram ( 1 97 1 ) . It
seems that Eoplacognathus was confined in i t s phyletic evolution
to the central part of the Baltic area while Amorphognathus
evolved during the same time in areas dose to the Holy Cross
Mountains, Armorican, and Welsh massifs (Dzik 1 978) .
The lineage typical of the North American part of the North
Atlantic province and the Midcontinent, represented by
Polyplacognathus friendsvillensis Bergstram 1 97 1 and P. sweeti
Bergstram 1 97 1 , has been considered unrelated to Baltic
Eoplacognathus and dose to later P. ramosus Stauffer 1 935 on the
basis of the presence of marginal crenulation of the platform
(Bergs tram 1 97 1 ) . I propose here another orientation of oz
elements of Polyplacognathus than that proposed by Bergstram
( 1 97 1 ) with his posterior process being anterolateral (Fig. 8:35) . When compared in this way with E. suecicus, which invaded
the Midcontinent before the first appearance of P.friendsvillen
sis, not many differences can be found. Early populations of P.
jriendsvillensis from the lower part of the McLish Formation of
Oklahoma contain j uvenile oz elements that are very similar to
those of E. suecicus. The typical fea ture of the American lineage,
whose later evolution has been described by Bergstram &
Carnes ( 1 976) , seems to be a twisted row of dentides on the
anterolateral process in its proximal part in the oz elements. At
least two species of Eoplacognathus show this fea ture: E. n. sp. A
ofBergstram 1 9 7 1 from the Furudal Limestone ofSweden and
'E.foliaceus-reclinatus transition' of Harris et al. ( 1 979) from the
Antelope Valley Limestone of Nevada. There is no way to
derive P. ramosus from P. sweeti. It can quite easily be derived
from E. elongatus ( Bergstram 1 97 1 ) , however, which invaded
the Midcontinent before the first appearance of P. ramosus.
Some specimens of E. elongatus from the Mountain Lake
Formation of Oklahoma have crenulation of the platform
margin. It appears thus that Polyplacognathus in its current
meaning consists oftwo lineages that are not directly related to
each other. To avoid this obviously polyphyletic grouping I
would suggest induding Eoplacognathus in synonymy with
Polyplacognathus, as no difference in apparatus composition or
element construction has been indicated . P. sweeti has a very
wide distribution and also invaded the Baltic area (Bergstram
1 97 1 ; Drygant 1 9 74) .
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Fig. 7. OA-E. Amorphognathus falodiformis (Sergeeva 1 963) . O F-M.
Associated with it Baltoniodus navis (Lindstrom 1 955) . Sample Ha 1 5,
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30 cm below the top of Volkhovian, H1Uludden, b land . Specimens
ZPAL CVI/383-396, respectively; all x 80.
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Complexodus Dzik 1 976, which occurs in the Holy Cross
Mountains in great numbers has an unknown origin, although
it has a wide distribution and is als o known from C hina (An
1 982) . Similarly unknown is the origin of Rhodesognathus
Bergstrom & Sweet 1 966, which is represented in the Midcon
tinent and Wales by species distinct from that of the Holy
Cross Mountains, R. polonicus ( Dzik 1 976) , which has a much
better-developed platform. According to Sweet ( 1 979 a) the
apparatus of Rhodesognathus may indude ramiform elements
similar to those of A morphognathus.

Icriodontidae Muller & Muller 1957
The oldest well-known species of this group, Icriodella superba
Rhodes 1 953, appears rather suddenly and without known
direct ancestry in the Oanduan of the Baltic region (Viira
1 974; Fig. I OH-J herein) and slightly earlier in the Midconti
nent (Bergstrom & Sweet 1 966; Webers 1 966 ) . Its apparatus
composition suggests a direct re!ationship to the Balo
gnathidae. The occurrence of its supposed ancestor in the
Llanvirnian of the Armorican Massif (Lindstrom et al. 1 974)
as well as earlier appearance in Wales (Bergstrom 1 97 1 ) ,
suggest North Atlantic provenance of the lineage.

Ordovician paleobiogeography of the Baltic,
Midcontinent, and adj acent are as
According to paleomagnetic data from the early Middle
Ordovician of the Midcontinent area, the latter was part of the
continental block ofLaurentia, which was located dose to the
equator, while the latitude of the Baltic area at that time
was approximately 60° S (Fig. I ; Bergstrom 1 9 79) . Few paleo
magnetic data are available regarding the Early Paleozoic
massifs in between, which were incorporated into larger
continental blocks during the C aledonian and Hercynian
orogenies . Probably, most ofthem originated as parts ofisland
arcs bordering subduction zones of diverse ages. Their
presumed position in the Ordovician may be reconstructed

Fig. 8. Proposed interrelationships among Baltic and Midcontinent
lineages of Balognathidae and possibly related forms. ( I ) 'Acodus'
auritus Harris & Harris 1 962?, Joins Formation, Oklahoma. (2)
Polyplacognathus ramosus Stauffer 1 935; after Bergstrom ( 1 98 1 ) . ( 3 ) P.
sweeti Bergstrom 1 9 7 1 , early form, Mountain Lake Formation,
Oklahoma. (4) P. friendsvillensis Bergstrom 1 97 1 , late form, Tulip
Creek Formation, Oklahoma. (5) Same speeies, early form, McLish
Formation, Oklahoma . (6) Eoplacognathus elongatus (Bergstrom 1 962) ,
Mountain Lake Formation, Oklahoma. ( 7 ) E. suecicus Bergstrom
1 97 1 ; after Harris et al. ( 1 979) . (8) E. zgierzensis Dzik 1 976, Ohesaare
borehole, depth 509 . 7 8-5 1 0. 3 5 m, Estonia. (9) Amorphognathus
falodiformis ( Sergeeva 1 963) , uppermost Volkhovian of O land. ( 1 0) A .
variabilis Sergeeva 1 963, Lower Kundan of O land . ( I l ) Same species,
U pper Kundan ofVastergotiand. ( 1 2) A. kielcensis Dzik 1 976, Vikarby
Limestone, Vastergotland. ( 1 3) A. inaequalis Rhodes 1 952?, Kaagvere
borehole, depth 3 1 2 . 8 m, Estonia. ( 1 4- 1 6 ) A. tvaerensis (Bergstrom
1 96 2 ) , Kaagvere borehole, depth 293 . 8-303 .4 m, Estonia. ( 1 7) Same
species, Bromide Formation, Oklahoma. ( 1 8) Baltoniodus sp. n . ,
Mountain Lake Formation, Oklahoma. ( 1 9) B. navis ( Lindstrom
1 955) ; after Dzik ( 1 976) . (20) B. crassulus (Lindstrom 1 955) , upper
most Latorpian of O land . (2 1 ) Acodus deltatus Lindstrom 1 955,
Latorpian of O land . (22) Tripodus distortus (Branson & Mehl 1 933) ,
West Spring Creek Formation, Oklahoma. (23) T. sp. n . , Mountain
Lake Formation, Oklahoma.
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with some degree o f confidence on the basis o f knowledge of
their geological history (e.g., Bergstrom 1 979; Dzik 1 978,
1 984; Bruton & Bockelie 1 980) . Epicontinental seas associ
ated with each of these continental blocks certainly forrned
their own ecosysterns, which were separated from other she!f
water ecosystems by extended areas of oceanic environment
(Fig. I ) . Therefore, they can be treated as distinct biogeo
graphic units in terms of island biogeography (see MacArthur
& Wilson 1 967) . Available quantitative data on the distribu
tion of conodont assemblages in particular areas support such
a view. I t is well shown on logs of the contribution of the
common conodonts that form the cores of particular assem
blages, when high-rank taxonomic assignment of a particular
conodont lineage is indicated ( Fig. I l ) . Relative stability in
the composition of conodont assemblages in time has been
documented in many cases previously ( Sweet 1 979 a, b;
J eppsson 1 979) and it is not especially surprising to find it also

Fig. 9 (p. 78) . Oanduan conodonts with possibly Baltic or cosmopolitan
provenance. All speeimens from the erratic boulder E-305, Mochty
near Warsaw, Poland. DA-G. Amorphognathus superb us (Rhodes 1 952) ,
specimens ZPAL CVI/36 1-367, respectively; A, B: X 67, C-E : X 90,
F, G: X 1 1 7 . DH.Pseudooneotodus sp., ZPAL CVI/368; x 1 80. D I , J , L .
Panderodus panderi (Stauffer 1 935) , Z PAL CVI/369, 3 7 1 ; I , L: X 1 20 , ] :
x 540. DK. Panderodus s p . , Z PAL CVI/370, x 1 20.
Fig. lO (p. 79) . Oanduan conodonts with North Atlantic provenance. All
specimens from the erratic boulder E-305, Mochty near Warsaw,
Poland. DA-G. Aphelognathus rhodesi ( Lindstrom 1 959) , ZPAL CVI/
3 7 2-3 78, respectively; A: X 60, B, D, E, G: x 80, C : x 1 20, F : x 96. DH
J. Icriodella superba Rhodes 1 952, Z PAL CVI/379, 380; H: X 80, I :
X 240, J : x 60 .
Fig. Il (pp. 80-81) . Logs o f relative percent contribution o f th e most
important lineages in the Early and Middle Ordovician of North
America (left) and Europe (right) . Family assignments of particular
lineages indicated by patterns. Presented localities: DA. Woods
Hollow Shale, Marathon, Texas, data from Bergstrom ( 1 9 78) . DB-
H. Crystal Peak, Watson Ranch, Lehman, Kanosh, Juab, Wah Wah,
and Fillmore Formations from selected localities in I bex area, Utah
(Ethington & Clark 1 98 1 ) . D I-L. Mountain Lake, Tulip Creek,
McLish, and continuous section of Oil Creek and Joins Formations
from Arbuckle Mountains, Oklahoma. DM. Jefferson City Forma
tion, Missouri (Kennedy 1 980) . ON. Lenoir Limestone, Tennessee
(Bergstrom & Carnes 1 9 76) . DO. Table Head Formation, Newfound
land (Stouge 1 980) . DP. Cow Head Group, Newfoundland ( Fåhraeus
& Now1an 1 978) . DQ. M6j cza Limestone, Holy Cross Mountains,
Poland (Dzik 1 978) . DR. Wysoczki chalcedonite, Holy Cross Moun
tains, Poland ( Szaniawski 1 980) . D S-U . Gullhogen Formation
(courtesy of Stig M. Bergstrom) , Vikarby Limestone, and Kundan of
Gullhogen quarry, Skovde, Sweden. DV. Uppermost Volkhovian
and Lower Kundan of Halludden, O land. DW. Ceratopyge beds
and Latorpian of Ottenby dilT, O land . DX-Y. Gammalbodberget
and Kalkberget sections of Jamtland, Sweden ( Lofgren 1 978) .
Conodont lineages : ( 1 ) Erismodus. ( 2 ) Erraticodon. ( 3 ) 'Scandodus'
sinuosus. (4) Eoneoprioniodus. (5) Gen. n. A. ( ' Multioistodus' ) . (6)
Paraprioniodus. (7) Phragmodus. (8) Histiodella. (9) Periodon. ( 1 0) Mic
rozarkodina. ( I l ) Plectodina. ( 1 2) Prioniodus. ( 1 3 ) Oepikodus. ( 1 4) Proto
prioniodus. ( 1 5) Pygodus. ( 1 6) Gen. n. B ( 'Belodella ') . ( 1 7) Protopanderodus.
( 1 8) Semiacontiodus. ( 1 9) Glyptoconus. (20) Belodina. (2 1 ) Panderodus.
(22) Dapsilodus. (23) Scabbardella. (24) Paltodus. (25) Drepanoistodus.
(26)Paroistodus. ( 2 7 ) Ulrichodina. (28) Acodus and Tripodus. (29) Balto
niodus. (30) Amorphognathus. ( 3 1 ) Eoplacognathus. (32) Polyplacognathus
sensu Bergstrom 1 9 7 1 . (33) Complexodus. ( 34) Rhodesognathus. (35)
Drepanodus. (36) Scalpellodus. ( 3 7 ) Cornuodus. (38) Multioistodus. (39)
Hamarodus.
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in the sections studied here. It appears, however, that during
long time spans the cores of assemblages in particular areas
continue to be forrned by the same high-rank taxonomic units
despite changes in contribution of particular evolutionary
lineages belonging to these units, and that almost all areas
have their own typical taxonomic units, which diversified
mostly in only that area.
For instance, the evolution of the Balognathidae, with the
exception of a single lineage, is confined exdusively to Baltica
and adj acent islands in the Iapetus Ocean. Some lower-rank
compartmentalization is visible in the case of the evolution of
the Amorphognathus and Eoplacognathus lineages . The first
evolved phyletically outside the central part of Baltica, with
the best record on the island of the Matopolska Massif (Holy
Gross Mountains; see Bergstriim 1 97 1 ; Dzik 1 976, 1 978) . The
P.friendsvillensis-sweeti lineage, a supposed continuation of the
E. suecicus lineage, underwent rapid phyletic evolution in the
marginal seas of Laurentia and carbonate platforms possibly
separated from them which were introduced later into the
Appalachians ( Bergstriim & Garnes 1 976) . This lineage did
not appear in the Baltic area until the Uhakuan (Bergstriim
1 97 1 ; Drygant 1 974) . The Phragmodontidae, a possibly
Gondwana-born group, since its introduction occurred
almost exdusively in the seas of Laurentia, where they
underwent significant diversification. Some of their popula
tions had areas of distribution that extended to islands in
Iapetus and rarely expanded even to Baltica. The most
successful branch of the Periodontidae had its evolution
concentrated around the Iapetus islands . Each of its severaI
lineages had somewhat different areas of distribution, some
entering into the seas of Baltica (early Periodon, Microzar
kodina) , others tending toward Laurentia (Plectodina-Aphelo
gnathus lineages) . Similar patterns can be observed in the
evolution of the Distacodontidae and the Panderodontidae,
the latter developing to the originally (?) Midcontinent branch
of Belodina and related genera. A few successfully developing
lineages had extrinsic provenance, like Protoprioniodus(?)
marathonensis of Laurentia with a probably Australian origin
and Complexodus pugionifer of the Matopolska Island, known
elsewhere only from C hina and Wales ( S . M. Bergstriim,
personal communication) .
An independent evolution of conodont lineages confined to
particular Middle Ordovician marine ecosystems involved
also relative stability in the composition ofparticular ecologic
groups of conodonts in each of the areas discussed . The pattern
of vertical changes in the contribution of large groups of
conodonts (Fig. I l ) , as well as other available data, suggest
that different couples ofhigh-rank taxa contributed to the total
ecologic spectrum in each of the provinces. In Baltica (Fig.
l I S-Y) this spectrum was represented mostly by shallow
water Panderodontidae and rather open-sea Balognathidae;
in Laurentia (Fig. l I A-M) by Multioistodontidae and Phrag
modontidae; in island areas of Iapetus ( Fig. l I N-Q) by
Protopanderodontidae and Periodontidae (with a significant
contribution by Amorphognathus) , and in equatorial Gondwana
(Australia) probably by Multioistodontidae (Erraticodon) and
Oistodontidae, respectively.
Among appearances of extrinsic lineages and interchanges
of lineages developing in discussed areas two distinct dasses
can be recognized :
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( I ) Briefand numerically low contributions to the assemblage
by appearances of species known in great numbers of speci
mens from other areas . Such are occurrences of Histiodella
holodentata in the Matopolska Island and Baltica (Dzik 1 978) ,
Glyptoconus(?) asymmetrieus, Polonodus clivosus, Eoneoprioniodus
alatus, and P. sweeti in Baltica, all genuine lineages of
Laurentia, as well as Microzarkodina jlabellum and Paroistodus
parallelus, both Baltic or I apetus lineages, which appeared in
the Midcontinent. Appearances of Erraticodon in discussed
regions are of the same nature. No significant rebuilding of the
assemblage is associated with appearances of this kind . They
can be interpreted as effects of regional changes in the area of
distribution of particular lineages observed dose to their
margins. Such populations, dose to the margin of distribution
of a species, must be more sensitive environmentally than
highly productive populations in the center of the distribution
area. Frequency- distribution data suggest that each conodont
species had its own area of distribution with high productivity
in the center (severaI species are known to contribute more
than 90 % to samples from some areas) which decreases
toward the margins . Rarely severaI species have the same
center of distribution . No evident positive correlation in the
distribution of different species has been observed, despite
attempts to recognize persistent conodont associations (Berg
striim & Garnes 1 9 76) .
(2) Another dass of 'migration' phenomena is represented by
introductions of lineages that thereafter start to contribute
significantly to the assemblages of some areas and to develop
local phyletically evolving lineages, This is well exemplified
by the introduction of Eoneoprioniodus, Protoprioniodus (?) mara
thonensis, Paroistodus(?) horridus, Belodina, Eoplacognathus suecicus,
E. elongatus, and severaI other lineages into the Midcontinent.
This is usually associated with the replacement of some
previously occurring lineage or at least a significant rebuilding
of the assemblage. Few events of this kind are observed in the
Baltic area.
Generally Midcontinent and Baltic assemblages behaved in
different ways. While Midcontinent faunas underwent rather
gradual rebuilding during the Ordovician with severaI new
lineages becoming permanent parts of communities (like
Iapetus-born Plectodina, possibly Australian Erismodus, Baltic
Polyplacognathus and A morphognathus) the Baltic communities
were much more conservative in their composition. Profound
remodeIling of them occurred in the Oanduan, when severaI
lineages of the Iapetus provenance, represented by Aphelo
gnathus, Icriodella, and Phragmodus (originally a Midcontinent
form) , were introduced . Although this assemblage has super
ficially a Midcontinent appearance, that is because of the
approximately synchronous introduction of similar forms to
the Midcontinent area, where they are not so distinct from
local elements as they are in Baltica (see Bergstriim & Sweet
1 966; Kennedy et al. 1 9 79) . Probably no direct Midcontinent
to Baltic 'migration' took place at that time. Subsequent
evolution of the Baltic assemblage with introduction of the
numerically dominant conodonts Hamarodus and Scabbardella
did not make it similar to that of Laurentia.
Sweet & Bergstriim ( 1 974) suggested that rebuilding of the
Baltic conodont fauna in B. gerdae Zone time was caused by a
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shift of the warm-water zone toward the pole accompanied by
an expansion of the warm-water Midcontinent fauna. In
terms of the continental drift concept this effect may be
reached by moving the Baltic continental plate toward the
equator. Because it is generally believed that warm-water
animal communities are more diverse than cold-water on es
one may attempt to test this idea by measuring changes in
diversity in both areas during the Ordovician. Among severaI
proposed, the measure of diversity based on Shannon's
formula of information content (Berry et al. 1 979) seems to be
one ofthe simplest and has relatively easily understood ways of
inference. The form ula may be written in the following way:
n
D= - � Gs log Gs '
s= I

Where D = diversity of the assemblage; Gs= relative contribu
tion (decimal fraction) of particular species s to total sample.
This is a measure ofimprobability ofa particular composition
of the assemblage. The largest value of D characterizes
samples with large numbers of equally contributing species,
the smallest one samples in which a single species dominates
the assemblage.
Index of diversity is calculated here for Oklahoma, Utah
(data from Ethington & Clark 1 98 1 ) , Jamtland (data from
Liifgren 1 97 8 ) , the Holy Cross Mountains, Vastergiitland and
b land sections . Data are plotted against time scaled by
appearances of zonally (or potentially zonally) diagnostic
species (Fig. 1 2 ) . Results are quite opposite to those expected
(Dzik 1 984) . During the Early Ordovician the diversities of
Baltic and Midcontinent assemblages do not differ signifi
cantly; both are relatively high. During the Middle Ordovi
cian, plots for studied sections from both areas diverge
somewhat, with higher (sic!) diversity in supposedly co1d
water Baltic assemblages . In all cases, a significant decrease in
diversity is usually connected with shallowing of basins. The
difference between Baltic and Midcontinent assemblages may
be partially ca us ed by differences in bathymetric characters of
the studied sections . S till remaining to be explained is the lack
of any significant difference between other, bathymetrically
more comparable parts of the sections, which may suggest that
conodonts preserved in the sediment represent only a small
fraction of the trophic group to which they belonged .
Acknowledgements.

- Severai Swedish sections of the Ordovician

were sampled by me and some samples were processed during a two
month stay at the Department of Palaeobiology, University of
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tive of the Baltic and Midcontinent provinces . Appearances of zonal
(or potentially) zonal speeies (same as on Fig. I l ) indicated by initials
left and right of the diagram. DA. Section of the 'Bromide' Formation
near Fittstown, Oklahoma. DB. McLish to Mountain Lake Forma
tions north of Ardmore, Oklahoma. OC. Gammalbodberget section,
Jamtland (data from Liifgren 1 9 78) . OD. M6jcza Limestone, Holy
Cross Mountains, Poland (Dzik 1 978) . DE. Kalkberget section,
Jamtland (Liifgren 1 978) . OF. Ottenby cliffsection, O land. OG. Top
of West Spring Creek to Oil Creek Formations north of Ardmore,
Oklahoma. OH. Wysoczki cha!cedonite, Holy Cross Mountains,
Poland (Szaniawski 1 980) . D I . Top of House to Crystal Peak
Formations from selected outerops of the Ibex area, Utah (Ethington
& Clark 1 98 1 ) .
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Uppsala, in 1 980. I greatly appreciate the efforts of Professor Anders
Martinsson and Dr. Stefan Bengtson in organizing my visit to the
Department and the assistance of Dr. Yngve Grahn (Swedish
Geological Survey, Uppsala) during my tield excursions.
I am especially grateful to Professors Walter C . Sweet and Stig M.
Bergstriim of the Department of Geology and Mineralogy of The
Ohio State University who made possible my postdoctoral fellowship
at their institution, allowed me to examine their huge collections of
Ordovician conodonts, provided many very helpful discussions and
tinally corrected the English language of this paper. The SEM
photographs mounted on Figs . 2B, C and 7 were taken at the
Department. Technical assistance of Mrs. Maureen L. Lorenz is
gratefully acknowledged .
Baltic and Polish samples were processed at the Institute of
Paleobiology of the Polish Academy ofSciences (Zaktad Paleobiologii
PAN, abbreviated ZPAL) and photographed specimens are housed
there. Micrographs other than those enumerated above were taken at
the Nencki's I nstitute of Experimental Biology in Warsaw. Drawings
of conodont elements presented in the text are reconstructions based
on camera lucida sketches of specimens housed either at the Depart
ment of Geology and Mineralogy of The Ohio State University in
Columbus, Ohio, U SA, or at the I nstitute ofPaleobiology ofthe Polish
Academy of Sciences in Warsaw, Poland.
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Simple-eone s tudies : some provoeative thoughts
LENNART JEPPSSON

When organizing a workshop for ECOS I l l , Godfrey Nowlan asked
me to say something about my work with the genus Panderodus. This is a
written account ofmy provocative presentation, partly modified in the
light of comments I received at the meeting. I have spent severai years
studying the genus Panderodus and my work is far from finished. The
following experiences may have some general relevance to the study of
simple cones.
On ly some of the eight to ten distinct groups of elements in each
apparatus of Panderodus can readily be identified as homologous in all
the species. AIso, two ofthem are easy to identify as homologous with
elements in the apparatuses of other genera. One is the symmetrical
element. Symmetrical elements have been described in many simple
cone apparatuses and they have often been identified as Sa elements,
implying some kind of homology with such elements in other
apparatuses . I doubt many of these identifications. I n my opinion the
following two requirements are absolutely necessary to identify an
element convincingly as a tr or Sa element.
Because the tr element is unpaired, it is the rarest of all types of
elements. I n some Panderodus species its frequency is on ly about 1 %
even in a collection recovered from a fine screen. The element is very
small in all species of Panderodus and thus easily lost through a too
coarse screen.
It is symmetrical, not nearly or almost. Earlier accounts ofso called
symmetrical elements in Panderodus referred to specimens with a
furrow on one lateral side only; a genuine such element has one on each
lateral side.
The on ly other element whose homologies I am confident about
both within the genus and outside it, is the single pair of ne or M
elements . These elements are asymmetrical and strongly twisted like
the homologous oistodontiform elements. I n other respects, such as
the small size, they are dosely similar to the tr or Sa element. This
similarity may or may not be true for related genera.
There are probably only about ten species of Panderodus known but
about fifty specific names, most of which are based on a few of the
species. Four or five of the seven or eight lineages I recognize in the
Silurian have now been identified far back in the Ordovician. The
differences between an Ordovician and a Silurian population of the
same lineage are small compared to the differences between separate
lineages. In order to recognize this, each lineage should be treated as
one species, subdivided into chronological subspecies . Thus the
search for the valid name for a species cannot be limited to one system.
For example, the name Panderodus equicostatus was based on a Caradoc
specimen, but the taxon is unrepresented in the other Ordovician
collections of Panderodus I have seen. It is common, however, in the
Silurian ones. On the other hand, Panderodus gracilis probably occurs in
many Ordovician collections, but in the Silurian on es I have so far only
seen it in some ofmy own collections from the Leintwardinian Hemse
Mari on Gotland. Except for three localities dose to each other where
good collections may be obtained I have only stray specimens.
The n aming of taxa and seleeting of types for them are irrevokable,
but the consequences of this do not always seem to be realized . Every
other piece of information we publish can be and often is overlooked .

Having studied the types for about hundred names, I have a strong
feeling that names often are given on ly as a means of talking
conveniently about the fragmentary obj ects we have found, and that
the only recognized longlasting effect of the process is that it
perpetuates the name of the author. The particular topic of simple
cone taxonomy is now so difficult that it is necessary to work for severai
years on each genus and all the types of nominal taxa referred to it and
on types resembling any of the elements ofits species, to exdude any
possibility that there are names al ready available for use. The
situation is now such that a correct nomendature often requires more
work than a good taxonomy. I suppose that the situation is or will soon
be similar with other groups of fossils. A major problem is that some
types are unavailable without large travel grants. They cannot be
borrowed, because the mail is not trusted. However, in my experience,
the risk of losing specimens in the mail is small.
Another problem regards the documentation and the deposition of
types . Perhaps 90% of all published pictures of Panderodus are
unidentifiable to species, and sometimes also to genus as the pictures
show only one side of a coated element. Further, the types, extracted
from a collection who se composition cannot now be checked, are often
unidentifiable, if they cannot be compared with a collection of the
population. Thus, Branson & Mehl's ( 1 933) Ordovician Panderodus
species caused me many problems. Some of the types agree reasonably
well with those of Panderodus unicostatus, and so do some of those
described by Stauffer ( 1 935b, 1 940) . However, in 1 98 1 I got from
David Kennedy a num ber of acetic-acid residues prepared from
samples he had collected in connection with his restudy ofBranson &
Mehl's and Stauffer's localities. In this material I found two species of
Panderodus, neither of which is P. unicostatus. One of them is the same
species as I have in the upper Hemse MarI . My notes on the types of P.
gracilis fit well with elements of this species. I n condusion, in addition
to the illustrated type specimens and otherwise selected specimens it is
necessary to make available at least one good slide with hundreds of
elements representing the whole conodont fauna, so that also those
elements that may have been erroneously exduded by the author are
represented . Preferably this slide should be that from which the
holotype is selected. Regarding all old types the kind of job done by
David Kennedy is vital for a stable nomendature.
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The study of Ordovician conodonts during many years has
resulted in much information obtained from various localities
on the Siberian Platform (Fig. I ) and particularly from the key
sections along the Kulumbe, Moyero, Podkamennaya Tun
guska, Angara and Lena Rivers . Separate parts of these
sections include the stratotypes for regional units. The
conodonts proved to be significant in sol ving problems of
regional stratigraphy and intra-regional and inter-regional
correlation as well. These detail ed studies have ascertained
the succession of distinct conodont assemblages, the tax
onomic composition of these assemblages and the assignment
of the latter to certain stratigraphic intervals.
In the modern regio � al scherne for Ordovician stratigraphy
on the Siberian Platform the main regional unit corresponds to
the regional stage. Fig. 2 shows the regional sequences and the
distribution of stratigraphically important conodont species;
Figs . 3 and 4 illustrate some specimens of more typical
conodont species. All illustrated specimens are housed in the
collections of the Geological Museum, Institute of Geology
and Geophysics, Siberian Branch of the USSR Academy of
Sciences . Collections including them have been as sign ed
catalogue numbers IGG 397, 537, 6 1 4, 629.

Conodont assemblages
Conodonts from the Ordovician sections in the region under
discussion are distributed irregularly. Thus, the zonation of
Lower Ordovician rocks, tentatively assigned to the Lower
Tremadocian, is limited because conodonts are rare. In the
Nyaian Stage, as sign ed to the Upper Tremadocian, a repre
sentative conodont assemblage containing Acanthodus lineatus
( Furnish) , Loxodus bransoni Furnish, Cordylodus angulatus Pan
der, and C. rotundatus Pander was recognized in sections along

the Lena and Angara Rivers mainly. The first two species are
important elements in the Late Tremadocian ACL-fauna,
which is characteristic of the Midcontinent Province (Lind
striim 1 976) . The latter two species are present all over the
world (Lindstriim 1 976:504) , a statement that is supported by
finds from Europe, Asia, North America, Australia, and New
Zealand .
The deposits of the following Ugorian Stage contain an
impoverished conodont association, that is the result of wide
development of variegated dolomites and sandstones in this
interval of the Ordovician sequence on the Siberian Platform.
The following species are the most significant: Scolopodus
comutiformis Branson & Mehl, Drepanodus (Drepanoistodus?)
costatus Abaimova.
The Kimaian Stage has yielded a rich conodont assem
blage, present in all key sections, including the stratotype of this
subdivision on the Kulumbe River ( Moskalenko 1 982) and in
many other localities. Scolopodus quadraplicatus Branson &
Mehl and Histiodella angulata Moskalenko are typical species.
Drepanodus costatus extends in to this in terval and Acodus deltatus
Lindstriim and some other conodonts make their first appear
ance; the upper part of the stage contains Leptochirognathus
spp . , solitary Oistodus multicorrugatus Harris, Microzarkodina ex
gr. flabellum ( Lindstriim) , and elements resembling those of
Oepikodus quadratus (Graves & Ellison ) . The assemblage
composition is undoubtedly similar to that of Fauna D from
North America (Ethington & Clark 1 9 7 1 ; Barnes et al. 1 97 3 ) ,
named the S . quadraplicatus fauna ( Lindstriim 1 976) . The
upper part of this subdivision contains elements typical of
Whiterockian age (Faunas E, 1-4) in North America. It
should be emphasized, however, that the Kimaian conodont
assemblage remains generally the same. The author agrees
with S. Bergstriim ( 1 97 7 ) that rocks containing conodonts of
Faunas 1-4 correlate in part or completely wi th the Arenigian.
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Fig. l . Sketch map of the Siberian Platform, showing the geographie

locations of main sections (marked with circles) : DA. The Kulumbe
River. DB. The Moyero River. DC. The Morkoka River Basin. OD,
E, F, G . The Podkamennaya Tunguska River Basin in the districts of
the Stolbovaya River (D) , of the Bolshaya Nirunda River ( E ) , near the
village Baykit ( F ) , of the Nizhnyaya Chunku River (G) . OH, I , J . The
Angara River Basin in the districts of the latitudinal flow of this river
( H ) , of the Uda and Biryusa Rivers ( I ) , of the meridional flow of this
river 0 ) . DK, L, The Lena River in the district of its upper reaches
(K) , near the mouth of the Vitim River (L) .

The base of the Vihorevian Stage represents a very distinet
boundary in the conodont succession. No species crosses this
boundary; above it occurs an absolutely distinctive assem
blage. I t includes various species of Coleodus, Neoeoleodus,
Erismodus, Mieroeoelodus, Polyeaulodus and other genera. This
assemblage is readily traced in continuous sections on the
Moyero River and in the basin of the Angara River ( Mos
kalenko 1 970; Kanygin et al. 1 980) . I t is similar, even at the
species level, to the conodont association from the Dutchtown
Formation in Missouri (C ullison 1 938) , considered to be
typical of Fauna 5 in North America ( Sweet et al. 1 97 1 ) , i.e.
Chazyan ( Llanvirnian) in age.
The Vihorevian conodont fauna is closely related to that
from the Mukteian Stage. The components of the former
assemblage continue into the latter, but their importance
diminishes . The dominant taxa include various species of
Cardiodella, Polyplaeognathus and ofsome other genera, appear
ing in this stratigraphic interval. Cardiodella n. sp. I ( the
description of the species is in press) and C. tumida (Branson &
Mehl) are especially common in this interval . Although

numerous to abundant, their vertical range is limited . The
deposits corresponding to this stratigraphic level can be
identified in various parts of the Siberian Platform, because of
this distinctive fauna, particularly in continuous sections on
the Moyero River and in the basin of the Angara River. Similar
conodont assemblages with Cardiodella, Erismodus and other
genera have been recognized in North America in the Middle
OrdovicianJoachim Formation in Missouri (Branson & Mehl
1 93 3 ; Andres 1 96 7 ) , in the McLish and Bromide Formations
in Oklahoma (Branson & Mehl 1 943 ) , i.e. C hazyan in age.
The base of the Volginian Stage represents a major
boundary in the succession of faunas of all kinds on the
Siberian Platform. The Volginian conodont assemblage also
signifies a new stage in the development of conodontophorids .
I t is widespread o n the Platform being recognized from a
number of localities and is well represented in the stratotype
section of the stage on the Lena River. Phragmodus appears first
in this part of the section and immediately becomes an
important element in the Volginian and some subsequent
faunas. Phragmodusflexuosus Moskalenko is a dominant species
in the Volginian assemblage. Representatives of this associa
tion are known from North America where they characterize
Faunas 5 and 6, which are assigned to the C hazyan (Sweet et al .
1 97 1 ) .
The base of the Kirenskian-Kudrinian S tage shows an
increase in conodont diversity. There appear such typical
species as Bryantodina lenaiea Moskalenko, Ptiloeonus anomalis
(Moskalenko) , Mieroeoelodus tunguskaensis Moskalenko,
Oulodus restrietus (Moskalenko) ; in the upper part of the stage
Eveneodus and Stereoeonus begin to play an appreciable role.
Great correlative importance will apparently be played by
plectodinans eventually, but currently their effective ap pli ca
tion is hampered due to inadeq uate taxonomic defini tion of the
multielement genus and its species. This conodont assemb
lage is well represented in the stratotype section of the stage on
the Lena River and persists in all iocalities with deposits ofthis
interval.
The C hertovskian Stage, established on the Lena River, can
be traced in many places on the Siberian Platform, including
continuous sections on the Kulumbe, Moyero, and Pod
kamennaya Tunguska Rivers . Phragmodus iriflexus Stauffer,
Polyplaeognathus sweeti Bergstram, Oistodus petaloideus Mos
kalenko and other species are characteristic of the C hertovsky
ian assemblage. Eveneodus and Stereoeonus continue to occur.
Polyplaeognathus sweeti is rare on the Siberian Platform. How
ever, this species is very important in having wide geographic
and limited vertical range. It is known from North America,
Europe and Asia. It is confined to a stratigraphic interval that
corresponds to the Nemagraptus graeilis graptolite zone (Berg
stram 1 97 1 ) . Phragmodus iriflexus is an important element in
North American Fauna 7, i.e. Black River - Porterfield age
(Sweet et al. 1 97 1 ) .
The conodont assemblage from the Baksian Stage is
significantly different in comparison with the content of the
previous one. For the first time Belodina, Culumbodina, Aean
thoeordylodus and other si mil ar acanthodontid forms appear in
the Siberian Ordovician sections. In the lower part of this
subdivision Phragmodus iriflexus continues to occur, but in
succeeding strata it is replaced by Phragmodus undatus Branson
& Mehl. The latter, however, is extremely rare on the Siberian
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Fig. 2. Stratigraphical division of the Ordovician, vertical distribution
of stratigraphically important species and conodont zonation on the
Siberian Platform; approximate correlation of the Ordovician sub
divisions between the Siberian Platform, North America and Europe.
Black vertical lines show the distribution of the following species: ( I )
Aeanthodus lineatus (Furnish) , (2) Seolopodus eornutiformis Branson &
Mehl, ( 3 ) Seolopodus quadraplieatus Branson & Mehl, (4) Histiodella
angulata Moskalenko, (5) Coleodus mirabilis Moskalenko, (6) CardiodelIa

n. sp. I, C. tumida (Branson & Mehl ) , (7) Polyplaeognathus n.sp., (8)
Phragmodus jlexuosus Moskalenko, (9) Bryantodina lenaiea Moskalenko,
( l O) Ptiloeonus anomalis Moskalenko, ( I l ) Phragmodus injlexus Stauffer,
( 1 2) Polyplaeognathus sweeti Bergstrom, ( 1 3 ) Belodina compressa (Branson
& Mehl ) , ( 1 4) Aeanthoeordylodus Jestus Moskalenko, ( I S) 'Spatho
gnathodus'? dolborieus Moskalenko, ( 1 6) Aeanthodina nobilis Moskalenko,
( 1 7) Aphelognathus pyramidalis (Branson, Mehl & Branson) .

Platform. The Baksian conodont fauna has been intensively
studied from western and northern sections of the region
(Moskalenko 1 973 ) . The Belodina-Panderodus association
makes it possible to correlate approximately the Baksian
conodont assemblage with North American Fauna 8, i.e.
Trenton (Caradocian) age (Sweet et al. 1 97 1 ; Sweet &
Bergstriim 1 976; Bergstriim 1 977) .
The conodont assemblage from the Dolborian Stage is
c!osely related to the previous one with many genera and
species in common. The main difference lies in the relative
abundance of the taxa. Thus, Belodina and Culumbodina are
typical genera of the Baksian assemblage, and Acanthocordy
lodus and other acanthodontids predominate in the Dolborian.
New taxa appear only in the upper part of the Dolborian Stage
such as 'Spathognathodus'? dolboricus Moskalenko and a peculiar
group of conodonts showing considerable morphologic varia
tion, but having the same type ofsculpture (Fig. 4Af, Ag) . The
Dolborian assemblage can be traced in various districts along
the Podkamennaya Tunguska River ( Moskalenko 1 973) and
along the Moyero River. It is ratller endemic and can only

tentatively be compared to North American Faunas 9 and
1 0, i.e. upper Trentonian and Edenian age.
The Nirundian Stage has weak paleontologic support; the
conodont fauna is also greatly impoverished . It contains rare
Acanthodina nobilis Moskalenko and some other species . All of
them pass into overlying strata of the Burian Stage. Reliable
representative localities of the Nirundian Stage are restricted
to the basin of the Podkamennaya Tunguska River.
The Burian Stage, on the contrary, is easily distinguished by
conodonts. Aphelognathus pyramidalis (Branson, Mehl & Bran
son ) , a multielement species ( Nowlan & Barnes 1 98 1 ) , is the
principal component in the Burian assemblage. Its elements 
aphelognathiform, trichonodelliform and zygognathiform make their first appearance at the base of the subdivision and
are then constantly present in the limestones, which comprise
this subdivision . However, the upper limit of the assemblage
has not been determined because of widespread pre-Silurian
erosion. This produced the restricted extent of the Burian beds
on the Platform. These beds have be en weU studied only from
the basin of the Podkamennaya Tunguska River and some
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isolated localities in the river basin of the Morkoka. The
presence ofAphelognathus pyramidalis enables the comparison of
the Burian assemblage with Fauna 1 2 from North America,
the stratigraphic range of which is restricted to Maysvillian
and Richmondian (Nowlan & Barnes 1 98 1 ) .

Conodont zonation
The data reviewed above establishes the successJOn and
boundaries of conodont assemblage changes in the Ordovi
cian of the Siberian Platform. This allows a conodont zonal
scale to be proposed for the upper Lower Ordovician, Middle
and U pper Ordovician of this region. The principle of the first
appearance of the zonal denominating taxon was commonly
used in distinguishing the zones . A zone normally corresponds
to the biozone of the zonal index species within the Siberian
Platform, but it may be less than the actual stratigraphic range
ofthis species. In the latter case the upper boundary of the zone
is controlled by the appearance in the section of the zonal index
species of the next zone and by proper change of the conodont
association. The proposed zonation by conodonts reflects
considerable changes in the composition of the successive
assemblages . It has recently become possible to propose the
following conodont assemblage zones (Moskalenko 1 983) :
The Scolopodus quadraplicatus - Histiodella angulata Zone is
defined by the vertical range of the zonal index species; this
range corresponds with that of the Kimaian Stage.
The Coleodus mirabilis Zone contains the rocks of the
Vihorevian Stage with a conodont fauna sharply differing
from the previous one at the generic leve!. The lower boundary
is defined by the appearance of Coleodus, Neocoleodus, Erismodus,
Microcoelodus and the upper one by the appearance of Car
diodella and its associated assemblage.
The Cardiodella-Polyplacognathus Zone ranges through the
strata of the Mukteian Stage. Taxa such as Cardiodella,
Polyplacognathus and many other genera are unknown in the
underlying as well as in the overlying strata. Thus, the lower
and the upper boundaries are clearly determined by the debut
and the disappearance of the zonal assemblage.
The Phragmodusflexuosus Zone is of wide distribution on the
Siberian Platform; its lower boundary is determined by the
appearance of the zonal index species and the upper one by the
appearance of Bryantodina lenaica and associated conodonts .
The zone includes the deposits of the Volginian Stage.
The Ptiloconus anomalis - Bryantodina lenaiea Zone includes the
deposits of the Kirenskian-Kudrinian Stage. The lower
boundary is drawn at the appearance of Bryantodina lenaiea and
Ptiloconus anomalis; the former is typical of the lower half of the
zone and therefore it is probably possible to distinguish a
Bryantodina lenaiea Subzone within the zone under discussion.
The upper boundary is determined by the change of the
conodont assemblage.
The Polyplacognathus sweeti - Phragmodus inflexus Zone
embraces the deposits of the Chertovskian Stage. The debut of
the species, from which the zone was named, marks its lower
boundary; the first appearance of Belodina and associated
assemblage coincides with the upper boundary.
The Belodina compressa - Culumbodina mangazeica Zone has a
precise lower boundary that coincides with the base of the
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Baksian Stage. I t embraces the time offlourishing of the zonal
index species and apparently is an acme-zone. The zone scope
is restricted to the Baksian Stage.
The Acanthocordylodusfestus Zone corresponds to the time of
flourishing of the various acanthodontids. The zone embraces
the major part of the Dolborian Stage. The lower boundary
needs to be refined; tentatively it is placed at the base of the
stage mentioned above; the upper boundary is defined by the
appearance of the species typical of the next zone.
The 'Spathognathodus' ? dolboricus Zone embraces the beds
which have been form ed during the existence of the zona1
species. It corresponds to the upper part of the Dolborian
Stage.
The Acanthodina nobilis Zone is poor in conodonts. The lower
boundary is drawn at the beginning of the development of
Acanthodina nobilis, and the upper one is determined by the
appearance of Aphelognathus pyramidalis. This zone coincides
with the Nirundian Stage.
The Aphelognathus pyramidalis Zone has precise boundaries
and is defined by the vertical range of the zonal index species.
I t includes the deposits of the Burian Stage.

Provincial features
Biogeographical differentiation of the conodontophorid fauna
has occurred throughout the Ordovician. This is reflected in
the development of conodont provinces in Europe (North
Atlantic Province) and in cratonic North America ( Midconti
nent Province) .
The analysis of the material under investigation proves the
Ordovician conodont faunas from Central Siberia to be
unique. Their marked distinctiveness is expressed in the
presence of a considerable number of endemic taxa. At the
same time they show an evident resemblance with contem
poraneous conodont faunas from Canada and central parts of
North America. This fact gives support for the existence

3. DA, B . Acanthodus lineatus ( Furnish) . Nyayian Stage, sectionJ;
I GG 6 1 4/3, 5; x 40. D C . Loxodus bransoni Furnish . Nyayian Stage,
section J; IGG 6 1 4/ 1 1 5; x 45 . OD. Histiodella angulata Moskalenko.
Kimaian Stage, section B; IGG 629/ 1 65; x 45 . DE, F. Scolopodus
quadraplicatus Branson & Mehl. Kimaian Stage, section B; IGG 629/
368, 369; x 40. OG. Erismodus typus Branson & Mehl. Mukteian Stage,
section B; IGG 629/ 1 47 ; x 45 . O H . Erismodus asymmetrieus (Branson &
Mehl) . Vihorevian Stage, section B; IGG 629/ 1 36; x 45. D I-K.
Coleodus mirabilis Moskalenko. DI. Vihorevian Stage, section J; IGG
6 1 4/47; x 30. DJ. Vihorevian Stage, section B; IGG 629/6 1 ; x 35 . DK.
Mukteian Stage, section H ; IGG 6 1 4/5 1 ; X 45 . D L-N . Neocoleodus
dutchtownensis Youngquist & Cullison. Vihorevian stage. DL. Section
B; IGG 629/ 1 98; X 45 . DM. Section J ; IGG 6 1 4/ 1 25; x 25 . ON.
Section J; IGG 6 1 4/ 1 26; x 45 . DO-R. CardiodelIa n . sp. l. Mukteian
Stage. DO. Section H; IGG 6 1 4/34; x 30. DP. Section B; IGG 629/52;
x 45 . DQ. Section B; IGG 629/53; x 45 . DR. Section B; IGG 629/54;
X 45 . DS. CardiodelIa tumida (Branson & Mehl) . Mukteian Stage,
section H; IGG 6 1 4/44; x 45 . DT, U. Ptiloconus? costulatus Moskalenko.
Mukteian Stage, section H . DT. IGG 6 1 4/20 1 ; x 30. DU. IGG 6 1 4/
203; x 20 . DV-X. Polyplacognathus n. sp. Mukteian Stage, section H .
D V . IGG 6 1 4/ 1 62; x 45 . DW. IGG 6 1 4/ 1 66; x 30. DX. IGG 6 1 4/ 1 65;
X 45. DY-Ab. Polyplacognathus? n . sp. Mukteian Stage. DY, Z . Section
J; IGG 6 1 4/ 1 74, 1 7 7 ; x 45 . DAa, Ab. Section B; IGG 629/286, 298;
x 45 .
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throughout the Ordovician of contacts between the Central
Siberian and North American seas. The nature of these
contacts, however, did not remain the same; at one time they
strengthened, at another they weakened or ceased to exist,
probably reflecting transgressive or regressive cycles. During
regressive stages the geographic faunal differentiation was
more distinct; during transgressions the faunal differences
were reduced .
In times of significant transgression the comparatively
isolated Central Siberian water area was inhabited by con
odontophorid genera and species typical of the Midcontinent
Province. Thus, during Kimaian time (late Arenigian) the S.
quadraplicatus fauna, which is typical of the Midcontinent
Province, is of wide occurrence. At Vihorevian-Mukteian
time (Llanvirnian?) a new transgression is accompanied by
the appearance of the Coleodus fauna and following it the
CardiodelIa fauna, which is related to the very shallow water
facies of the advancing sea. In the course of the transgression,
the maximum ofwhich is in Volginian age (early Llandeilian?)
the Phragmodus fauna, characteristic of the Midcontinent
Province, appears (for the first time in the region) and quickly
dominates the faunas . A new outburst in the development of
phragmodontids occurred in Chertovskian time (late Llandei
·
lian-early C aradocian) . Later on, however, phragmodontids
are not of wide distribution in Central Siberia. In North
America Phragmodus undatus often predominates in Faunas 81 2, whereas on the Siberian Platform this species occurs
extremely rarely . The Baksian assemblage shows the pre
dominance of Belodina-Culumbodina-Panderodus association,
which is a typical component in the contemporaneous fauna
from North America, but in a lateral facies series it perhaps
takes a position displaced to shallower depths in comparison
to the phragmodont community (Barnes & Fåhraeus 1 975) .
The final stage, Burian time (Ashgillian) , again demonstrates
free biogeographic connections between the Siberian and
North American seas, resulting in the presence in the Burian
assemblage of typical elements of the Richmond Fauna 1 2 .
Regression stages, on the contrary, involve specialization of
the compared faunas and an increase in endemic forms, which
hampers their comparison. Most vividly this peculiarity is
manifested in the second half of the Middle Ordovician and
during most of the Late Ordovician . The representatives of the
acanthodontid group begin to play an important role at this
time.
A review of laws con trolling the distribution of conodonts
clearly reveals the existence of Ordovician biogeographical
connections between the Central Siberian and North Ameri
can seas, resulting in the presence of faunas common to both
regions . Thus, both biogeographical areas may be considered
as parts of a single large biogeographical unit, that is of the
Midcontinent Province.
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Recently, extensive collections for conodonts have been made in Llandovery strata of eastern
Canada. The Ordovician-Silurian boundary is readily recognizable on the basis of conodonts
and complete sequences across it occur on Anticosti Island and in Gaspe Peninsula. Early
Llandovery shallow water sequences are dominated by Panderodus, Icriodella and Oulodus?,
whereas deep water sequences contain Panderodus and small, generalized species of Ozarkodina.
Late Llandovery sequences are dominated by Panderodus, Ozarkodina and new species of
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marked shallowing event near the series boundary. Lower Silurian lithologic units across eastern
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There are very few published reports of conodonts from Lower
Silurian strata of eastern C anada; those that are available are
of very recent origin. This paper is an attempt to review the
recently published information, to summarize current
research and its preliminary results and to outline the
potential for further work in the region. A map showing the
main outcrop areas including strata ofEarly Silurian age in the
region (Fig. I ) and a table outlining the current biostratig
raphic interpretation of the formations and significant faunas
(Fig. 2) are provided. Within this framework the significance
and potential of each area for Lower Silurian biostratigraphy
is discussed.
The biostratigraphic utility of conodonts in the Silurian has
been under study for only two decades, but already numerous
zonations have been proposed based on geographically wide
spread sequences . These zonal schernes are the basis for
Silurian conodont biostratigraphy, but no single standard
zonation is widely accepted yet. The Lower Silurian (LIan
dovery) is the least weU known part of the system mainly
because the interval is poorly represented in severai of the
cIassic areas on which Silurian conodont biostratigraphy is
based. Eastern Canada has severai very extensive sections of
L1andovery strata, particularly on Anticosti Island and the
Gaspe Peninsula and these have prov en potential for conodont
zonation.
The first conodont-based zonation of the Silurian was made
by Walliser ( 1 962, 1 964) . His work was based mainly on
studies of strata exposed at Cellon in the Carnic Alps, and he
was able to subdivide the Silurian and basal Devonian into I I
successive conodont zones. Unfortunately the Cellon section
is unsatisfactory for the early part of the Silurian because, as
Sch6nlaub ( 1 97 1 ) has demonstrated, much of the L1andovery
is missing. Revisions to Walliser's ( 1 964) zonation were first
made by Nicoll & Rexroad ( 1 969) and Pollock et al. ( 1 970)
bas ed on conodont faunas obtained from the midcontinent of

North America and by Aldridge ( 1 972, 1 975) based on faunas
from the United Kingdom. These authors showed that there
were Silurian conodonts older than those recognized at Cellon
and zonations were proposed for the North American and
British Silurian sequences . Conodonts from the earliest part of
the Silurian were unknown until the recent work of McCrac
ken & Barnes ( 1 98 1 a, b) in Anticosti Island and Nowlan
( 1 98 1 ) in Gaspe; in both places conodonts are associated with
L1andovery A brachiopods . In most areas that have been
studied in detail (e.g., Cellon, Arbuckle Mountains of
Oklahoma, Nevada) only the upper part of the L1andovery is
represented, the oldest strata bearing conodonts of the P.
celloni Zone.
Two conodont zonal schernes are used in the correlation
chart (Fig. 2 ) : one based on North American faunas described
by McCracken & Barnes ( 1 98 l a) , Nicoll & Rexroad ( 1 969)
and Pollock et al. ( 1 970) and the other based on British Silurian
faunas described by Aldridge ( 1 972) . All are described as
ass em bl age zones, although those of Aldridge ( 1 972) are
based on first appearance. In North America the oldest
Silurian conodont zone is the Oulodus? nathani Zone erected by
McCracken & Barnes ( 1 98 I a) based on material from the
upper part of the Ellis Bay Formation at Anticosti Island,
which has been revised as part of the overlying Becscie
Formation by Petryk ( 1 98 1 ) . The zonal species was first
described from Anticosti Island and its only other occurrence
is in the Clemville Formation of Gaspe Peninsula (Figs . l and
2) . The forms assigned to Oulodus? are almost certainly
representatives of a new genus and their biostratigraphic
potential has yet to be determined fully. Younger representa
tives of the genus including O . ? kentuckyensis ( Branson &
Branson) and other as yet unnarned speeies occur through the
Becscie and Gun River formations on Anticosti Island
( McCracken & Barnes 1 98 1 a; Fåhraeus & Barnes 1 98 1 ) .
Study of faunas from the Clemville Formation of Gaspe
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Fig. l. Map ofeastern Canada showing main outerop areas with Lower Silurian strata. In some areas most of the outerop is Lower Silurian whereas in

others Lower Silurian strata may form only a small portion of the outerop area. Numbered areas correspond to numbered columns on Fig. 2 and each
area is diseussed in the text.

Peninsula has shown that the key taxa of the I. discreta - I.
deflecta Assemblage Zone (Aldridge 1 972) extend to the base of
the Silurian and overlap the O . ? nathani Zone.
Strata at the base of the Silurian on the northern margin of
the Michigan Basin were assigned to the Panderodus simplex
Zone by Pollock et al. ( 1 9 70) . The top of this zone was defined
as being immediately below the first occurrence of the genus
lcriodina or of lcriodella discreta ( Pollock et al. 1 9 70: 746 ) . A zone
based on species of Panderodus has little application and the
interval can on ly be regarded as unzoned due to lack of key
taxa. The O . ? nathani Zone appears to be a suitable replace
ment and in any case Icriodella species have now been shown to
extend downward to the base of the Silurian.
In North America the O.? nathani Zone is followed by the
Distomodus kentuckyensis Zone (Cooper 1 975) a 'synonym' of the
!criodina irregularis Zone ofNicoll & Rexroad ( 1 969) because I.
irregularis s.f. is the platform element of multielement D.
kentuckyensis. The representative taxa of this zone are virtually
the same as those of the I. discreta - I. deflecta Assemblage Zone.
The D. kentuckyensis Zone is succeeded by the P. celloni Zone of
Nicoll & Rexroad ( 1 969) . It is unfortunate that this zone
covers a larger stratigraphic interval than the zone of the same
name erected by Walliser ( 1 964, 1 972) in the C arnic Alps .
In Britain the I. discreta - I. deflecta Assemblage Zone is
succeeded by the D. staurognathoides Zone (Aldridge 1 972) , the
base of which coincides with the D. staurognathoides Datum
Plane of Cooper ( 1 980) . The datum plane concept used by
Cooper ( 1 980) has limited application to the Llandovery

because only two such planes are represented. D. stauro
gnathoides is present in severai areas of eastern Canada (see
below) .
The D. staurognathoides Assemblage Zone is followed by the
Icriodella inconstans Assemblage Zone in Britain (Aldridge
1 972) and its top is marked by the first appearance of
Pterospathodus amorphognathoides. In contrast, P. amorphognatho
ides appears in the top of the Pterospathodus celloni in North
America, hence the dashed line joining the to ps of the P. celloni
and I. inconstans zones on Fig. 2 . These two zones are followed in
most areas by the P. amorphognathoides Zone, the base of which
coincides with the P. amorphognathoides Datum Plane of Cooper
( 1 980) . The P. amorphognathoides Zone spans the Llandovery
Wenlock boundary (Walliser 1 964; Aldridge 1 972; Barrick &
Klapper 1 976) . Specimens of P. amorphognathoides are rare in
eastern C anada and the taxon seems to be replaced by new
species of Pterospathodus (Fig. 4) .
Studies of Lower Silurian strata and conodonts in eastern
Canada have on ly j ust begun but it is clear that considerable
potential exists for refinement of Early Silurian biostratigra
phy. The strong potential of the area lies in the fact that there is
a remarkably com pl ete Late Ordovician - Early Silurian
sequence of carbonates on Anticosti Island (Nowlan & Barnes
1 98 1 ; McCracken & Barnes 1 98 1 a, b; Fåhraeus & Barnes
1 98 1 ; Uyeno & Barnes 1 98 1 ) , as well as correlative, thick
sequences in both shallow and deep water carbonate-clastic
facies to the south on the Gaspe Peninsula (Nowlan 1 98 1 ) . The
combination of these two areas provides an insight into
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Areas of outcrop that include Lower Silurian strata are
illustrated on Fig. I ; in some of the areas (e.g. Anticosti Island)
the entire shaded portion is Lower Silurian whereas in others
the proportion of Lower Silurian strata may be small or
uncertain. The num bered areas on the map (Fig. I ) corres
pond to the num bered columns on the correlation chart (Fig.
2) which are representative but not necessarily comprehensive
stratigraphic sections for each area. I t is not possible to show
all stratigraphic relationships because of the small size of the
diagram and the complexity of the relationships between basal
Silurian and underlying rocks. In view of the large size of the
region under review (a land area of approximately 330,000
2
km ) only brief comments are possible for each area and the
re ad er is referred to appropriate publications for more
complete descriptions both in this review and in the section on
biostratigraphy.
A number ofdistinct lithofacies beits can be identified in the
Lower Silurian of eastern C anada. These beits parallei the
general northeasterly trend of the Appalachian Orogen. To
the west and north of the main Appalachian belt are the
virtually flat-Iying, thick carbonate sediments of Anticosti
Island ( I ) . The strata of this region have been described by
Bolton ( 1 972) and Petryk ( 1 979, 1 98 1 ) . The Lower Silurian is
represented by about 540 m of shallow marine limestone and
shale of the Becscie, Gun River, Jupiter and C hicotte forrna
tions. Anticosti Island is part of the eastern segment of the St.
Lawrence Platform, bounded to the north and west by the
Canadian Shield and to the south and east by the Appalachian
Orogen; its unique setting as a cratonic margin basin has
resulted in a thick, fossiliferous sequence of shallow-water
carbonate rocks .
The rest of the areas shown on Figs . I and 2 lie to the south
and east of a major structural lineament known as Logan's
Line which separates platformal areas from the Appalachian
Orogen. The paleogeographic and structural relationships
between areas on either side of the lineament during the Eariy
Silurian are uncertain, but a dramatic change in facies can be

be considered as a broad package of lithofacies beits. In the
basinal areas (3, 4, 5, 7, 8, 9, I l ) conformable contacts exist at
the base of the Silurian, whereas in uplifted areas (2, 6, 1 0, 1 2,
1 3 ) the lowest Silurian strata may be ofearliest Llandovery age
or younger. Strata in the basinal are as generally show
evidence of upward shallowing as the basins were filled with
sediment, whereas there is usually a transition from non
marine or shallow marine clastics to more open marine
limestones in the uplifted areas .
Lower Silurian strata of a completely different type are
exposed in southwestern New Brunswick ( 1 4, 1 5 ) . These
outcrop areas are preserved as fault-bound blocks within older
s trata and they are locally intruded by granite. Thick volcanic
flows, tuff and breccia with minor rhyolite and interbedded
sla te, mudstone and argillaceous limes tone characterize the
Silurian of this region which is on the eastern side of the
Appalachian Orogen.
Two distinct beits of strata ofSilurian age crop out in Nova
Scotia ( 1 6, 1 7) . The Arisaig belt of central Nova Scotia ( 1 7) is a
continuous sequence ranging from earliest Silurian to early
Devonian age (Boucot et al. 1 974) . The Arisaig Group
com prises mainly alternating beds of mudstone and siltstone
with subsidiary fine-grained sands tone and brachiopod-rich
limestone. The unit disconformably overlies volcanic rocks of
Ordovician age.
The White Rock Formation of the Annapolis Valley area
( 1 6) is characterized by thick quartz sands tone units and
mafic to felsic volcanics (Crosby 1 962) . The unit is underlain
by slate of Ordovician age and overlain by the Kentville
Formation of Wenlock-Ludlow age. It was probably depo
sited under shallow marine conditions (Schenk et al. 1 980) and
is part of the Megurna Zone (Williams 1 978) , a te c
tonolithologic zone that cannot be traced outside of Nova
Scotia in the Appalachian Orogen. The Megurna Zone is
interpreted as a segment of a continental embankment of a
Precambrian continent, possibly Africa (Schenk 1 97 1 ; Schenk
et al. 1 980) .
The Lower Silurian strata of Newfoundland cannot be
related easily to lithofacies beits on the mainland . Fossils are
rare and much of the sequence may be non-marine. In the
White Bay area ( 1 8) the Sops Arm Group comprises ash flow
tuffs and rhyolite interbedded into sla te, conglomerate,
sands tone and local limestone. The unit unconformably

observed across the lineament.

overlies part of the Taconic allochthon but, in most places, it is

During the late Early and early Middle Ordovician a
num ber of collisional events took place in the Appalachian
Orogen (e.g. Williams & Hatcher 1 982) . These include the
collision of an island arc with the North American craton,
related obduction of ophiolite complexes in Quebec and
Newfoundland and the deformation of a volcanic arc on the
eastern side of the orogen. The net result of these Ordovician
tectonic events was an apparent fragmentation into regional
depressions and uplifted blocks . Deposition in the troughs
carried on throughout the late Middle Ordovician and Early
Silurian, whereas the uplifted areas were only gradually
covered by later Silurian sediments . Hence, the nature of the
contact between basal Silurian and older strata varies widely
across the region.
Lower Silurian strata of Gaspe Peninsula, the Matapedia
Valley and western and northern New Brunswick ( 2- 1 3 ) can

in thrust contact with the underlying rocks (e.g. Smyth &
Schillereff 1 982) .
The Botwood Group ( 1 9) of central Newfoundland (Wil
liams 1 962) comprises fine- to coarse-grained sands tone
interbedded with siltstone and shale, minor limes tone and
calcareous sands tone. The unit may be as much as 4 500 m
thick but only the lower portion is of Early Silurian age. Also
included under 1 9 on Figs . l and 2 is an area around Notre
Dame Bay, wher� the Springdale Group, a presumed correla
tive of the Botwood Group crops out. It is made up mainly of
volcanic flows and pyroclastic rocks with some interbedded
sandstone and conglomerate that may be non-marine.

Geologic setting

Biostratigraphy
Many studies are currently in progress on the Early Silurian of
eastern Canada, and this paper is intended as a summary of
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Derivation ofconodont zones is discussed in text. Solid circles indicate
presence of conodonts throughout a unit; open circles indicate isolated
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levels from which diagnostic brachiopods are known (E is eocoeliid, S

the current state of knowledge. The correlation chart (Fig. 2)
provides information on the main occurrences of biostrati
graphically useful brachiopods and graptolites known from
the Lower Silurian of eastern C anada, but its main purpose is
to show the occurrences of conodonts recovered to date. Some
of the diagnostic conodonts are illustrated on Figs . 3 and 4.
Illustrated specimens are deposited in the National Type
Fossil Collection at the Geological Survey of C anada (GSC) in
Ottawa. Each column of the correlation chart will be discussed
in terms of conodont biostratigraphy and the occurrences of
diagnostic brachiopods and graptolites . The sources for the
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Fig. 2. Correlation chart for Lower Silurian strata of eastern Canada.
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is stricklandid and H is Hirnantian) ; squares indicate that the unit is
dominantly composed of clastic rocks and a V within the square
indicates that the unit is composed ofvolcanic and clastic rock. N. B. is
New Brunswick; N . S . is Nova Scotia.

conodont zones on the left side of Fig. 2 have been discussed in
the introduction.

Anticosti Island (1)
Anticosti Island has been the subj ect of intensive study in
recent years mainly because it exposes a superb section of
Lower Silurian strata. McCracken & Barnes ( l 98 1 a) have
defined the position of the Ordovician-Silurian boundary and
they erected a new basal Silurian Zone, the Oulodus? nathani
Zone. More recently, Nowlan ( 1 982) has pinpointed the
Ordovician-Silurian boundary at the eastern end of the island
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using conodonts in a section originally described by Cocks &
Copper ( 1 98 1 ) ; the boundary recognized by the latter authors
on the basis of brachiopods is virtually identical to that
recognized on the basis of conodonts.
A review of the paleontology of Anticosti Island was
compiled in 1 98 1 for a volume to accompany the field guide to a
meeting of the I UGS Subcommission on Silurian S tratigra
phy and the Ordovician-Silurian Boundary Working Group
(Lesperance 1 98 1 ) . In that volume, McCracken & Barnes
( 1 98 1 b) reviewed their earlier work on the Ordovician
Silurian boundary and Fåhraeus & Barnes ( 1 98 1 ) and Uyeno
& Barnes ( 1 98 1 ) provided summaries on conodont biostrati
graphy of the middle and upper part of the Lower Silurian,
respectively. The O . ? nathani Zone is succeeded by the D.
kentuckyensis Zone which also yields O . ? kentuckyensis, a possible
descendant of O.? nathani. Faunas from the upper Becscie and

I

•
Gun River formations are numerically dominated by elements
of Panderodus; other com mon taxa are: O.? kentuckyensis,
O::.arkodina sp. cf. O. gulletensis and O::.arkodina n. sp. A
( Fåhraeus & Barnes 1 98 1 ) . The overall fauna is little changed
from that of the lower part of the Becscie Formation, but
potential for further zonation lies in speeimens of the genus
Oulodus?
The fauna from the ] upi ter and Chicotte formations has
been reported by Uyeno & Barnes ( 1 983) . D. staurognathoides
appears about 1 8 m above the base of the] upiter Formation; it
occurs throughout and ranges into the lower part of the
Chicotte Formation. The lower 14 m of the ] upi ter are thus
assigned to the l. discreta-l. deflecta Assemblage Zone, and
almost all the rest ofit to the D. staurognathoides Zone. Uyeno &
Barnes ( 1 983) further subdivided the D. staurognathoides Zone
into an informal lower D. staurognathoides fauna and upper
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Ozarkodina aldridgei fauna. About 8 m below the top of the
] upiter Formation Aulacognathus bullatus appears together with
Oulodus petilus. A !ittle higher lcriodella inconstans and O.
gulletensis make their first appearance. Uyeno & Barnes ( 1 983)
assigned the upper 2 m ofthe]upiter Formation and the lower
24 m of the C hicotte Formation to the l. inconstans Assemblage
Zone. Pterospathodus celloni occurs within this interval. The
upper part of the C hicotte Formation is assigned to the P.
amorphognathoides Zone because of the occurrence of the
nominal taxon 24 m above the base ofthe Chicotte Formation.
The Llandovery-Wenlock boundary as determined by cono
donts may lie at the top of, or in the upper part of the Chicotte
Formation.
Anticosti Island is the region in eastern Canada with the
highest potentia1 for refinement ofEarly Si1urian biostratigra
phy. An Ordovician-Silurian boundary stratotype has been
proposed for the area and the re-establishment of the Anticosti
Series has also been advocated (Barnes & McCracken 1 98 1 ) .
Field work is in progress in 1 982 to try to refine and expand
paleontological collections in the systemic boundary interval
and in the Lower Silurian strata.

Northern Guterop Belt (2)
The Sources Formation of the Matapedia Group has not been
collected for conodonts, but stricklandid and eocoeliid
brachiopods (S. lens progressa and E. intermedia) have been
reported from different levels in the formation (Bourque
1 977) . The quartzite of the Val Brillant Formation is unfos
siliferous. The Laforce Formation has not been collected for
conodonts but the lower part has yielded Pentamerus oblongus
(Bourque 1 97 7 ) and the ostracode Zygobolba ( M . ] . Copeland,
personal communication, 1 982) . The stratigraphy of this belt
has been described in detail by Bourque ( 1 97 7 ) .
St. Jean River A nticline (3)
No samples for conodonts have been collected from this area.
Graptolites from the upper part of the White Head Formation
of the Matapedia Group (Monograptus cf. M. sedgwicki) indicate
a Llandovery C I-2 age. The occurrence of monograptids
assignable to the M. turriculatus Zone in the Burnt Jam Brook
Formation indicates a Llandovery C 2-3 age (Bourque 1 9 7 7 ) .
The stratigraphy ofthis region has been described in detail by
Bourque ( 1 97 7 ) .
Mount Alexander Syncline (4)
Two samples from the lower part of the Laforce Formation
have yielded conodonts; these were collected by P.-A. Bour
que and the specimens were identified by C. B. Rexroad
(Bourque & Lachambre 1 98 1 : 1 22 ) . A sample from 4 m above
the base of the formation yielded Pterospathodus pennatus and
Distomodus staurognathoides and another from 7 m above the base
of the formation yielded Pterospathodus celloni and Ozarkodina cf.
O. sagitta. These collections indicate a Llandovery C5-6 age for
the lower part of the Laforce Formation . The stratigraphy has
be en described in detail by Bourque & Lachambre ( 1 98 1 ) .

Central Guterop Belt (5)
No samples for conodonts have been collected from the
Central Outcrop Belt but the Perce area j ust to the east has
been extensively sampled (Nowlan 1 98 1 ) . Graptolites
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assigned to Diplograptus cf. D . modestus and Climacograptus cf. C.
scala ris normalis have been recovered from the middle part of the
White Head Formation of the Matapedia Group (Bourque &
Lachambre 1 98 1 ) . These indicate an Early Llandovery age.

Chaleurs Bay (Gaspi Peninsula) (6)
Extensive collections for conodonts have been made by the
author from the Lower Silurian of the northern shore of
Chaleurs Bay in 1 979 and 1 98 1 . Results from the 1 979
collections have been published (Nowlan 1 98 1 ) but only about
half of the 1 98 1 collections have been processed so far. The
stratigraphy of this region has been described in detail by
Bourque ( 1 975) and Bourque & Lachambre ( 1 98 1 ) .
Strata a t the base of the Silurian are referred to the Clemville
Formation ( 1 1 0 m) and brachiopods of the Strieklandia lens

Fig. 3. Early Silurian conodonts of eastern Canada; index of sections
provid ed in appendix. DA, D. Oulodus? kentuckyensis (Branson &
Branson) , lateral views . DA. GSC 72367; Section l A, 1 7 . 5 m above
base ofClemville Formation; x 50. OD. GSC 72368, Section l A, 95 m
above base of Clemville Formation; x 60. DB Oulodus? nathani
McCracken & Barnes, lateral view, GSC 6650 I ; Section l A, 94 m
above base of Clemville Formation; x 50. DC, G, K. Ozarkodina
oldhamensis (Rexroad) . DC. Lateral view, g element, GSC 72369;
Section l A, 17 m above base of Clemville Formation; x 85. OG.
Lateral view,j element, GSC 723 70; Section l B, 7.8 m above base of
Clemville Formation; x 70. DK. Posterior view, e element,
GSC 7237 1 ; locality as C ; X 1 05 . DE, F. Distomodus n. sp. A. DE. Oral
view, g element, GSC 72372; Section l B, I m above base ofClemville
Formation; x 60. OF. Posterior view, b element, GSC 72373; locality
as E; x 50. OH. Ambalodus galerus Walliser s. f., lateral view,
GSC 723 74; Section 9, 25 m above base of Limestone Point
Formation; x 50. D I , L, M, O, P. Ozarkodina alT. O. hadra (Nicoll &
Rexroad) , lateral views. Note the considerable stratigraphic range of
these specimens: M occurs about 1 7 m below beds containing O. sagitta
rhenana. All dilTer from typical O. hadra in the more anterior situation of
the basal cavity apex. D I . g element; GSC 72375; Section 8, 47 m
above base of Limestone Point Formation; x 50. DL. g element,
GSC 72376; Section 7, 35m above base ofLimestone Point Formation;
x 50. DM. g element, GSC 7 2 3 7 7 ; Section 8, 83 m above base of La
Vieille Formation; x 40 . D 0 . g element, GSC 723 78; Section 8, 54.5
m above base of Limestone Point Formation; X 70. DP. f eIernent,
GSC 723 79; locality as O; x 1 05. DJ. O<:arkodina cf. O. gulletensis
(Aldridge) , lateral view, g element, GSC 72380; Section 6, Limestone
Point Formation, 5 1 m above base of section; x 35. This specimen
diITers from typical O. gulletensis in that it is not arched and the
posterior denticles are as high as those on the anterior. ON, Q, U .
Ozarkodina excavata excavata (Branson & Mehl ) , lateral views . ON. f
element, GSC 7238 1 ; locality as M; x 1 00. DQ. g element of the type
that Rhodes ( 1 953) described as Prioniodella inclinata, GSC 66558;
Section 2A, 25 m above base ofAnse a Pierre-Loiselle Formation; X 70.
DU. g element of the type that Branson & Mehl ( 1 933) described as
Ozarkodina simplex, GSC 72382; locality as M; x 55 . DR, S, T.
Ozarkodina gulletensis (Aldridge) . Note that these forms are very late
Llandovery because of the occurrence of Wenlock conodonts only
about 1 7 m above. DR. Lateral view, g element, GSC 72383; locality as
M; x 45 . D S . Lateral view,jelement, GSC 72384; locality as M; x 55.
DT. Posterior view, e element, GSC 72385; locality as M; X 65. DV,
W. Kockelella ranuliformis (Walliser) , lateral and oral views, g element,
GSC 72386; Section 1 0, Limestone Point Formation, 70 m above base
of section; X 80. DX. Ozarkodina n. sp. A Nowlan 1 98 1 , lateral view,
GSC 66525; Section 3, top of unit 7, White Head Formation; X 1 05.
DY, Z . Icriodella inconstans Aldridge, oral views, g elements. DY.
GSC 72387; Section 3 , base of unit 8, White Head Formation; x 60.
DZ. GSC 72388; locality as J ; x 60. DAa. Icriodella dejlecta Aldridge,
oral view, g element, GSC 66488; Section l B, 1 08 m above base of
Clemville Formation; x 80. DBb. lcriodella discreta Pollock, Rexroad &
Nicoll, oral view, g element, GSC 72389; locality as A; x 85 .
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typica Phylozone ( Llandovery A3--4 ) have been reported from
the upper two thirds of the unit ( Boucot & Bourque 1 98 1 ) . The
age of the lowest third of the formation is uncertain based on
brachiopods .
Conodonts are present throughout the formation but
samples from the lowest 3 m yield only simple cones and in one
case a probable new speeies of Distomodus ( Fig. 3 E, F) . The
following speeies are common in the lower 30 m of the
formation: lcriodella discreta ( Fig. 3 Bb; first appearance 4 m
above base) , l. deflecta ( Fig. 3 Aa) , Ozarkodina hassi, O.
oldhamensis ( Fig. 3 C , G, K) and simple cones of the genus
Panderodus. Rare components of the fauna are Oulodus? nathani
( Fig. 3 B ) , Oulodus? kentuckyensis ( Fig. 3 A, D) and elements of
the simple co ne genera Decoriconus and Walliserodus. Nowlan
( 1 98 1 , Fig. 5) illustrated the stratigraphic ranges of conodont
taxa in the Clemville Formation recovered from the 1 979
collections, and examination of the 1 98 1 collections yielded
few exceptions besides the presenee ofDistomodus n. sp. A at l m
above the base of the formation and the extension of the range
of O . ? kentuckyensis into the lower part of the formation. Over
1 200 conodont speeimens have now been recovered from the
Clemville Formation and the faunas are numerically domi
nated by specimens of Icriodella, Panderodus and Ozarkodina.
The presenee of a few speeimens of O . ? nathani indicates an
earliest Llandovery age for the base of the sequence and the
overall faunal content is very similar to that of the lowest
Silurian strata on Anticosti Island (see McCracken & Barnes
1 98 1 a, bl . The fauna does not change much through the
Clemville Formation, except that Distomodus kentuckyensis
appears 2 m from the top. The appearance of this taxon is
consistent with Llandovery A4 age indicated by the
brachiopods (Boucot & Bourque 1 98 1 ) .
The overlying Weir Formation (45 m ) is composed mainly
of arkose but three units of calcarenite have been collected
from near the base. These yield essentially the same fauna as
that of the upper part of the Clemville Formation. Specimens
of lcriodella and Panderodus dominate the fauna. Nowlan ( 1 98 1 ,
Pl. 4:6) indicated the presence of specimens of I. aff. l.
malvernesis in the Weir Formation which may suggest an early
Llandovery C age. The Weir Formation does not contain
diagnostic brachiopods although those of the immediately
underlying Clemville Formation are of Llandovery A4 age.
Strata of Llandovery B age cannot be identified on the basis of
brachiopods in the C haleurs Bay region of Gaspe Peninsula
(Boucot & Bourque 1 98 1 ) .
The succeeding Anse C ascon Formation i s composed
mainly ofsandstone, and only a thin interval of carbonate rock
occurs within the formation. Samples from this carbonate
interval yield mainly specimens of Panderodus. Specimens
possibly assignable to Ozarkodina gulletensis were illustrated by
Nowlan ( 1 98 1 ) . In addition, speeimens of l. inconstans are
known from the same level, indicating a pro bable early
Telychian age for the strata. Boucot & Bourque ( 1 98 1 )
recognize the Eocoelia curtisi Phylozone in the middle part of the
Anse Cascon which indicates a Llandovery C4-S age (late
Fronian-early Telychian) .
The Anse a Pierre-Loiselle Formation is abundantly fos
siliferous. Costistricklandia lirata ( Llandovery C6 - early Wen
lock) is present in the upper part of this formation and ranges
into the lower part of the overlying La Vieille Formation.
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Specimens of Panderodus are numerically dominant in samples
from the Anse a Pierre-Loiselle Formation but severai other
taxa are represented. Nowlan ( 1 98 1 ) has illustrated severai of
the species recovered. The diverse fauna includes Apsido
gnathus tuberculatus, Carniodus carnulus, Distomodus stauro
gnathoides, Pterospathodus pennatus, P. n. sp. A, P. n. sp. B . ,
Ozarkodina excavata excavata and O. c f. O. gulletensis. The forms
as sign ed to Pterospathodus n. sp. A are those referred to P. aff. P.
amorphognathoides by Nowlan ( 1 98 1 ) . Hundreds of specimens
have be en recovered since the initial report, and it is clear that
this species with a tridenticulate lateral process is a new
species . I t is closely related to P. n. sp. B which will be
discussed under northern New Brunswick (column 1 2 ) .
Regionally the Anse a Pierre-Loiselle Formation i s correla
tive with part of the Limestone Point Formation on the south
shore of C haleurs Bay ( Fig. 2, column 1 2) and also with the
C hicotte Formation of Anticosti Island (Uyeno & Barnes
1 98 1 ) .
The only specimen of P. amorphognathoides recovered from
eastern C anada outside of Anticosti Island comes from the
overlying La Vieille Formation . P. amorphognathoides is remark
able by its general absence and it seems to be replaced by
Pterospathodus n. sp. B which ranges into strata of probable
early Wenlock age. The lower part of the La Vieille Formation
is probably of late Llandovery age but the upper part is of
definite early Wenlock age (Nowlan 1 98 1 : 2 7 3 ) . The definition
of the Llandovery-Wenlock boundary is not possible based on
brachiopods or conodonts because the key taxa cross the
boundary. A brief discussion of the Llandovery-Wenlock
boundary in the region is provided below.

Perce (7)
Conodonts from the Perce region have been reported in some
detail by Nowlan ( 1 98 1 ) . Additional collections have been
made since the preparation ofthat article and some new results
are available.
The base of the Silurian at Perce is taken to liej ust above unit
5 which contains a Hirnantian fauna (see Lesperance &
Sheehan 1 98 1 ) . Extensive and closely spaced sampling
through the lower part ofunit 6 undertaken in 1 98 1 has proved
fruitless . Not a single conodont element has been recovered
from 10 large (5 kg) samples from the lower 10 m ofunit 6. The
upper half of unit 6 ( 240 m) yields Distomodus kentuckyensis and
an assortment of simple cones (Nowlan 1 98 1 ; Fig. 4) . Unit 7
(35 m) has yielded D. kentuckyensis, some diminutive represen
tatives of generalized Ozarkodina species and a diversity of
simple cone elements (Nowlan 1 98 1 :267) . The succeeding
unit 8 bears an impoverished fauna of diminutive Ozarkodina
sp. and simple cones .
The age of the uppermost unit was in doubt until Nowlan
( 1 98 1 ) recovered a rather poor specimen of Aulacognathus
bullatus from the unit. Additional collecting has produced
severai well preserved speeimens of A. bullatus (Fig. 4 E, 0, P)
confirming an upper age limit of Llandovery Cs ( early
Telychian) for the White Head Formation. A . bullatus is als o
known from the upper part of the Jupiter Formation on
Anticosti Island ( Uyeno & Barnes 1 98 1 ) .
Skidmore & Lesperance ( 1 98 1 ) have pointed out the
marked lithologic resemblance of unit 7 to the Burnt Jam
Brook Formation of the interior and the resemblance of the
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base of unit 8 to the base of the Laforce Formation. It can be
pointed out that conodonts from unit 7 could correlate with
graptolites recovered from the Burnt Jam Brook Formation
(Fig. 2, columns 3, 4) and that conodonts from unit 9 (A .
bullatus) correlate well with those from the base of the Laforce
Formation in the Mount Alexander Syncline (P. celloni, see
above) . If the age of the base of the Laforce is regionally
lowered as it must be in the Mount Alexander Syncline, then it
is possible that the coarse conglomerate and limes tone at the
base of unit 9, rather than those at the base of unit 8, correlate
with strata of similar lithology at the base of the Laforce
Formation. Further information is required on conodonts
from the base of the Laforce Formation.

Restigouche Belt (8)
The Matapedia Group has been collected in the area of the
Restigouche Belt but all samples are of Late Ordovician age
(Nowlan, unpublished data) . The only Silurian conodonts
known from the Restigouche Belt are those identified by C. B.
Rexroad from the Mann Formation and reported in Bourque
& Lachambre ( 1 98 1 , Fig. 58) . The fauna comprises : Carniodus
sp., Diadelognathus sp., lcriodella cf. l. ineonstans and Ligonodina
variabilis. This may suggest a Llandovery Cs (Telychian) age
for part of the Mann Formation. Costistrieklandia lira ta ( C.
gaspeensis) has been recorded from the upper part of the Anse it
Pierre-Loiselle Formation and lower part of the La Vieille
Formation by Bourque & Lachambre ( 1 98 1 ) . These two
formations have not been collected for conodonts in this
region, except for a single sample of Wenlock age reported by
Bourque & Lachambre ( 1 98 1 : 1 1 8) from the upper part of La
Vieille Formation, which yielded specimens assigned by C. B.
Rexroad to Spathognathodus primus, Triehonodella exeavata and
=

Ozarkodina? simplex.

Matapedia A rea (9)
Conodonts frm the Matapedia and Grog Brook groups of the
Matapedia area in Quebec and New Brunswick are of Late
Ordovician age (Nowlan 1 98 1 ; in press) . No Silurian cono
donts have been recovered from the Matapedia Group in this
area despite extensive sampling. Silurian megafossils and
ostracodes have been reported (but not illustrated) from the
area.

Lake Temiscouata (10)
No collections have be en made for conodonts from the Lake
Temiscouata region. The C abano Formation is of early
Llandovery age based on the occurrence of the brachiopods
Protatrypa and Fardenia (see Laj oie el al. 1 968: 624) in the upper
part of the unit. The succeeding Pointe aux Trembles
Formation is of about Llandovery C '-2 age based on the
presence of the brachiopods Strieklandia lens cf. progressa and
Eoeoelia hemisphaeriea (Berry & Boucot 1 970; Laj oie el al. 1 968) .
Western New Brunswick (11)
The Carys Mills Formation is a southwesterly ex ten si on of the
Matapedia Group and it has been dated on the basis of
graptolites ( Pavlides 1 968; Pavlides & Berry 1 966) . Berry ( in
Pavlides 1 968, Table 3) assigned some graptolites from the
Carys Mills Formation to zone 1 3, the O. Iruneatus intermedius
Zone of C aradoc age, and others he considered to be of Early
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Silurian age. Recently, Rickards & Riva ( 1 98 1 ) have demons
trated that the graptolites assigned to zone 13 are in fact of
basal Silurian age and consist of only one species, Glyptograp
tus? persculptus. This determination places all of the Carys
Mills faunas in the Lower Silurian, but it is possible that the
formation extends down into the Upper Ordovician.
The only conodonts recovered from an outcrop believed to
be of the Carys Mills Formation were obtained by the author
from exposures on the Trans Canada Highway, l km south of
the town of Grand Falls, New Brunswick. This region has not
be en mapped recently but lies on strike with the Carys Mills
Formation of northeastern Maine as delineated by Pavlides
( 1 968) . The possibility remains that these exposures will be
re as sign ed to the Smyrna Mills Formation when the area is
mapped in detail. The faunules recovered from the area are
poorly preserved and fragmentary but include representatives
of leriodella defleeta, Walliserodus eurvatus, Panderodus spp. and a
species of Ozarkodina represented by ozarkodiniform elements
quite un1ike those of O. hassi or O. oldhamensis and more like
those assigned to a younger species such as O. gulletensis. This
sparse evidence suggests an early Llandovery age (A-C I l for
these outcrops. This is consistent with graptolite evidence
from the Carys Mills Formation .
The Smyrna Mills Formation has been dated by means of
graptolites ( Pavlides & Berry 1 966, see Table 2) . The
graptolites indicate a range in age from early Llandovery to
early Ludlow. Two samples from the Smyrna Mills Formation
in western Brunswick have yielded conodonts . No systematic
attempt has been made yet to collect the formation in detail. A
sample (GSC Loc. 98599) collected from strata j ust west of
Payton Lake, 1 3 km NNW of Woodstock, New Brunswick
yielded fragmentary specimens of leriodina and 'Drepanodus
subereetus ' sensu Rexroad ( 1 96 7 ) . This assemblage is suggestive
of an early Llandovery age. A second sample (GSC Loc.
975 1 7) from an outcrop along a tributary of the North
Becaguimec River, 4 km NNW of Cariisle, New Brunswick,
yielded conodonts of Wenlock age including specimens of
Ozarkodina sagitta that most closely resemble O. s. rhenana (see
St. Peter 1 982) .

Northern New Brunswick (west part) (12)
More than 1 60 samples have been processed for conodonts
from Lower Silurian strata of northern New Brunswick. The
following sections have been collected ( the references in
parentheses direct the reader to an illustration of each of the
sections) : Flanagans, Quinn Point, Hendry Brook and Lime
stone Point (Noble 1 976, Fig. 2 , Sections 2, 3, 6 and 8) ; Point
La Roche and Dickie Cove-Black Point (Lee & Noble 1 97 7 ,
Fig. 6) . Over 1 0,000 conodont specimens have been recovered
from the Armstrong Brook, Limestone Point and La Vieille
forrnations.
The Armstrong Brook Formation is mostly composed of
non-marine clastic rocks but a few thin limestone units are
present near the top of the formation in some places . Samples
are numerically dominated by specimens of Panderodus, but
Pterospathodus n. sp. B and Ozarkodina aff. O. hadra have also
been recovered . The nature ?f the latter two species is
discussed below. Noble ( 1 976) has identified Eoeoelia intermedia
from the upper part of the Armstrong Brook Formation,
suggesting a Llandovery C3-4 age. The species recovered from
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the unit range up into the overlying Limestone Point Forma
tion.
The Limestone Point Formation has yielded the
brachiopod E. intermedia near the base (at Hendry Brook) and
bears Eoeoelia suleata and Costistrieklandia gaspensis ( C. lirata)
at the top in most sections suggesting an upper limit of
Llandovery CoWenlock age. Conodonts are abundant
throughout the unit.
Conodonts occurring at the base of the Limestone Point
Formation include Apsidognathus tubereulatus (Fig. 4 A, B ) ,
Distomodus staurognathoides, Ozarkodina cf. O. gulletensis (Fig.
3J) , O. hadra, O. aff. O. hadra (Fig. 3 I, L, M, O, P) ,
Pterospathodus n. sp. A ( Fig. 4 T, W, Z) and P. n. sp. B. (Fig. 4J,
L, Q, R, U ) . Specimens of Panderodus numerically dominate
the samples, but specimens of Pterospathodus n. sp. B and
Ozarkodina spp. are also very common . A . tubereulatus and D.
staurognathoides are locally abundant. This assemblage sug
gests a Telychian (Llandovery C :r-6) age for the base of the
Limestone Point Formation. The base of the formation may be
older than this at the Hendry Brook section because of the
recovery of E. intermedia. The conodont fauna typical of the
base of the Limestone Point Formation in most sections, does
not appear until 40 m above the base of the Hendry Brook
section also suggesting an older base to the formation at this
locality. Samples from the lower 40 m of the Limestone Point
Formation at Hendry Brook are overwhelmingly dominated
by diminutive specimens of Panderodus with only sparse
representatives of Oulodus? sp. and Pterospathodus n. sp. B. The
base of the Limestone Point Formation is therefore probably
diachronous.
The specimens assigned to Pterospathodus n. sp. A are
equivalent to specimens illustrated as P. aff P. amorpho
gnathoides from the Anse it Pierre-Loiselle Formation (Fig. 2,
column 6) by Nowlan ( 1 98 1 ) . This species bears three
denticles on the inner lateral process and has now been
recovered in sufficient quantity to indicate that it bears little
relationship to P. amorphognathoides but rather it is a new
species.
The specimens assigned to Pterospathodus n. sp. B are similar
to those of P. n. sp. A but there is a very high degree of
variability. Typical specimens have a trilobate inner lateral
process with prominent denticle rows on each lobe; usually
one of the denticle rows is shorter than the other two. One to
three low nodes are present on an expansion of the base on the
outer side of the element. The ozarkodiniform element that
belongs in this apparatus is very similar in lateral profile to the
pterospathodiform element, and also very similar to the
ozarkodiniform element of Pterospathodus sp. A (see Fig. 4 R,
T) .
A wide diversity ofspathognathodiform elements belonging
to species of Ozarkodina are present ( together with other
elements of the apparatus) in the Limestone Point Formation.
Some are readily assignable to O. gulletensis (Fig. 3 R, S, T) and
O. hadra whereas others differ in some respects from both of
these species . Those referred to O. aff. O. hadra are similar to O.
hadra except that the basal cavity is centrally to anteriorly
located like that in O. eonfluens. The diversity of elements is
sufficient to draw analogies wi th each of the morphotypes of O.
e01ifluens described by Klapper & Murphy ( 1 975) . This broad
range of forms is present from the base to the top of the
=

formation and cast some doubt on the potential utility of
species of Ozarkodina for biostratigraphy. Ozarkodina exeavata
exeavata is a distinctive species present in many samples of the
Limestone Point Formation.
Rare components of the fauna from the Limestone Point
Formation include A mbalodus galerus s.f. (Fig. 3 H) , Carniodus
sp., Koekelella ranuliformis (Fig. 3 V, W) , Pterospathodus cf. P.
celloni ( Fig. 4 V, X, Y) and P. pennatus ( Fig. 4 S) . K. ranuliformis,
most common in the P. amorphognathoides Zone, is present near
the top of the formation at Hendry Brook, suggesting that the
upper part of the unit is Llandovery CoWenlock in age.
Specimens assigned to P. cf. P. celloni occur rarely in samples
from the middle part of the formation. They are similar to P.
eelloni but lack basal expansion .
Aulaeognathus bullatus is very abundant in the Dickie Cove
section and it occurs there together with A . kuehni (Fig. 4 I) and
forms transitional between the two species . The Dickie Cove
section also provides the only occurrence of Ieriodella ineonstans
where it is present in considerable numbers . The same section
has yielded a few specimens ofAstropentagnathus irregularis (Fig.
4 D) .
The simple cone fauna of the Limestone Point Formation is
dominated by specimens of Panderodus, with rare occurrences

Fig. 4.Early Silurian conodonts of eastern Canada; index of sections
provided in appendix. DA, B. Apsidognathus tuberculatus Walliser. DA.
Oral view, g element, GSC 72390; Section 9, I l O m above base of
Limestone Point Formation; X 35 . D B . Aboral view, f element,
GSC 7239 1 ; Section l O, Limestone Point Formation, about 1 30 m
above base ofsection. O C . Apsidognathus afr. A . walmslryi Aldridge, oral
view, g element, GSC 72392; Section 6, Limestone Point Formation,
51 m above base of section; X 75. DO. Astropentagnathus irregularis
Mostler, oral view, g element, GSC 72393; locality as C; X 50. DE, O,
P. Aulacognathus bullatus (NicoIl & Rexroad) . D E. Oral view, g element,
GSC 72394; Section 4, 40 m above base of unit 9, White Head
Formation; x 60. DO, P. Aboral and oral views, g element,
GSC 72395; locality as E; X 60 . OF-H. Distomodus staurognathoides
(Walliser) , oral views, g elements . OF. GSC 72396; Section 3, 0.8 m
above base, unit 8, White Head Formation; x 60. OG. GSC 72397;
Section 2B, 78 m above base ofAnse il Pierre-Loiselle Formation; X 50.
OH. GSC 72398; locality as C ; X 40. DI. Aulacognathus kuehni Mostler,
oral view, g element, GSC 72399; locality as C; x 65 . O], L, Q, R, U .
Pterospathodus n . sp. B . O]. Oral view, g element, GSC 72400; Section 8 ,
1 5 m above base ofLimestone Point Formation; x 7 0 . D L . Oral view, g
element, GSC 7240 1 ; locality as ] ; x 90. OQ. Lateral view, g element,
GSC 72402; Section 8, 70 m above base of La Vieille Formation; x 65 .
DR. Lateral view,jelement, GSC 72403; Section 8, 46. 7 m above base
of Limestone Point Formation; x 35 . D U . Oral view, g element,
GSC 72404; locality as R; x 80. DK. Pterospathodus amorphognathoides
Walliser, oral view, g element, GSC 665 70; Section 5, 70 m above base
of La Vieille Formation; x 50. DM, N . Distomodus kentuckyensis Branson
& Branson. DM. Oral view, g element, GSC 665 1 2 ; Section l B , 1 2 . 7 m
above base of C lemville Formation; X 70. ON. Inner lateral view, e
elem ent, GSC 66508; locality as M; x 45 . D S . Pterospathodus pennatus
(Walliser) , oral view, g element, GSC 66566; Section 2A, 25 m above
base of Anse il Pierre-Loiselle Formation; X 1 00. OT, W, Z. Ptero
spathodus n. sp. A ( = P. afr. P. amorphognathoides of Nowlan 1 98 1 ) . OT.
Lateral view,j element, GSC 66568; locality as S; X 70. OW. Lateral
view, g element, GSC 66567; locality as S; X 1 00 . OZ. Oral view,
g element, GSC 66569; locality as S; x 90. DY, X, Y . Pterospathodus cf.
P. celloni (Walliser) . Elements of this species are rare and none shows
the asymmetrical flaring of the base typical ofP. cel/oni s . s . OV. Lateral
view,jelement, GSC 72405; Section 1 0, Limestone Point Formation,
96 m above base of section; x 85. OX. Oral view, g element,
GSC 72406; locality as V; x 85 . DY. Lateral view, g element,
GSC 72407; locality as V; x 60 .
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of Pseudooneotodus beckmanni. No specimens of P. bicornis have
be en recovered so far.
The fauna of the 10wer part of the overlying La Vieille
Formation is similar in some respects to that of the upper part
of the Limestone Point Formation, but it is much less diverse
and most samples yield on ly sparsely. Specimens of Panderodus
and Ozarkodina dominate the fauna. D. staurognathoides and
Pterospathodus n. sp. B are present in a few samples near the base
of the formation and occur sporadically through the lower
70 m of the formation. The absence of biostratigraphically
diagnostic forms in this part of the sequence makes placement
of the Llandovery-Wenlock boundary difIicult.
Conodonts of diagnos tic Wenlock age occur at a level
estimated to be about 1 00 m above the base of the La Vieille
Formation ( total 300 m) in a railroad cutting inland from
Quinn Point. Ozarkodina sagitta rhenana occurs in reasonable
abundance at this level and it indicates an early Wenlock,
Sheinwoodian age. It co-occurs with specimens referable to O.
conjluens.
It is concluded that the La Vieille Formation in northern
New Brunswick is correlative with strata assigned to the same
formation on the north side of Chaleurs Bay and with part of
the Smyrna Mills Formation in western New Brunswick. The
problem ofthe position of the Llandovery-Wenlock boundary
is discussed below.

Northern New Brunswick (east) (13)
Noble ( 1 976) has pointed out that easterly exposures ofLower
Silurian rocks in northern New Brunswick differ markedly in
lithology from those in the centre and west, and he interpreted
this as deepening eastward into a basin. The Petit Rocher
Formation lies in the same stratigraphic position as the
Limestone Point and La Vieille Formations to the west. Noble
& Howells ( 1 979) interpreted the Petit Rocher Formation as
being of shelf basin to slope origin. Costistricklandia lirata has
been recovered about 300 m above the base of the formation
and two samples for conodonts from this level failed to yield
any diagnostic forms . Only a few fragmentary specimens of
Panderodus were recovered. The samples were taken from the
Pointe Rochette Section (Noble 1 976, Fig. 2, Section 1 0) . A
considerable thickness of strata remain to be exa min ed in
detail .
In this region other relatively unfossiliferous sequences
have been described as slope to basin facies equivalents of the
Limestone Point and La Vieille Formation. One of these has
be en briefly described by Noble ( 1 980: 6) as the LaPlante
Section, and it is 10cated on Highway I l , 4 km inland (west)
from the Pointe Rochette section j us t mentioned. I t is
interesting to note that this section yielded conodonts of Late
Silurian-Early Devonian age including Ozarkodina rem
scheidensis and a single specimen assignable to Icriodus wo
schmidti? Clearly this section is part of another basin of much
younger age and cannot be interpreted as representing basinal
equivalents of the La Vieille Formation.

Southwestern New Brunswick (14, 15)
No samples for conodonts have been collected from this
region. The Long Reach Formation comprises mostly vol
canic flows and breccias with minor sediments. Berry &
Boucot ( 1 970) report the occurrence of Costistricklandia and

Eocoelia sulcata from the lower part of the formation, suggesting
a late Llandovery-early Wenlock age. The upper part of the
formation may be as young as Ludlow. About 80 km to the
southwest, the Mascarene Group ( 1 5) als o comprises thick
volcanic flows, tuff and breccia ( Smith 1 966) . The lower part
of the unit is unfossiliferous in C anada, but the probably
correlative Quoddy Formation in adj acent Maine has yielded
fossils of late Llandovery-Wenlock age ( Bastin & Williams
1 9 1 4; Berry & Boucot 1 9 70) .

Western Nova Soctia (16)
The White Rock Formation of the Annapolis Valley is of
uncertain age. The only fossil reported from it is a brachiopod
that is C aradoc or younger ( Lane 1 9 75:47) . Severai samples of
carbonate sediments associated with pillow basaits in the
Fales River Section (Schenk et al. 1 980: 49, 50) of the White
Rock Formation have been processed for conodonts but failed
to yield any specimens.

Arisaig A rea (1 7)
The only conodonts described from the Arisaig area are from
the Stonehouse Formation of Late Silurian age (Legault
1 968) . The substantial thickness of Lower Silurian sediments
remains uncolle c ted . The age of the sediments in the region is
well established on the basis ofbrachiopods ( Boucot et al. 1 974;
Harper 1 9 7 3 ) . The Ross Brook Formation contains Eocoelia
hemisphaerica, E. intermedia, E. curtisi and E. sulcata indicating a
Landovery C ,-C6 age. I t aiso contains graptolites indicative of
a range from zones 1 9 to about 25 ( Berry & Boucot 1 9 70) . The
succeeding French River Formation is probably of Wenlock
age but it does not contain diagnostic fossils .

White Bay (lB)
The lower part of the Sops Arm Group com prises volcanics,
but carbonate sediments occur in the middle and upper parts
of the formation ( Lock 1 972; Smyth & Schillereff 1 982) . Lock
( 1 97 2 : 322) makes passing mention of poorly preserved fossils
indicating middle to late Silurian ages; neither the nature of
the foss ils nor the source ofidentification is provided . Smyth &
Schillereff ( 1 982 : 90) indicate that gastropods, crinoids, corals
and rare brachiopods occur in the Simms Ridge Formation in
the middle part of the Sops Arm Group. They also report
Silurian conodonts from the Natlins Cove Formation at the
top of the Sops Arm Group (Smyth & Schillereff 1 982: 9 1 ) , but
no precise age is indicated and no faunal list is provided . It is
clear that potential for conodont recovery in the Sops Arm
Group is good but they may all be younger than Early Silurian .

Central Newfoundland (l9)
The age of the Botwood Group in central Newfoundland is
reasonably well established on the basis of brachiopods and
graptolites ( Berry & Boucot 1 9 70: 1 25 , 1 26) and it ranges in
age from early Llandovery to Ludlow. Little collecting has
been done for conodonts . The age of the Springdale Group in
the western part of central Newfoundland is less well known
because it is made up ofnon-marine clastic sediments . A single
sample from the Botwood Group near Glendale, Newfound
land (GSC Locality 99226) contains only fragments of
Panderodus and spathognathodiform elements referable to a
species of Ozarkodina. The unit is largely made up of clastic
sediments unsuitable for acid digestion.
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Ordovician-Silurian Boundary
Continuous stratigraphic sequences across the Ordovician
Silurian boundary are present in two different facies in eastern
C anada. On Anticosti Island ( I ) McCracken & Barnes
( 1 98 1 a, b) have described and discussed the conodont faunas
from a shallow carbonate facies. They have shown that
Ordovician and Silurian conodont faunas are dis tinguishable
at both the generic and specific leve! with many Ordovician
genera being extinguished across the boundary. Only simple
cone taxa including, Decoriconus costulatus, Panderodus gibber, P.
serratus, Pseudooneotodus beckmanni and Walliserodus cross the
boundary (McCracken & Barnes 1 98 1 a, Fig. 1 2) .
Conodonts and megafauna occur in continuous sequences
across the boundary in the deeper water facies of the
Matapedia Group in Gaspe Peninsula ( 3 , 4, 5, 7 , 8) . These
sections provide useful corre!ation between the predomin
antly North American megafaunas of Anticosti Island and the
generally European megafaunas of the Matapedia Group, but
unfortunately the presumed earliest Silurian units are virtu
ally unfossiliferous. The details of the Ordovician-Silurian
boundary in this region have been reviewed by Nowlan
( 1 98 1 ) .
EIsewhere in eastern C anada, the position of the boundary
is either in doubt or else strata were not deposited in the late
Ordovician and early Silurian because of the irregular post
Taconic ( Middle Ordovician) topography.

Llandovery-W enlock Boundary
It is difficult to define faunally the Llandovery-Wenlock
boundary in eastern C anada. The diagnostic brachiopod
Costistricklandia lirata and conodont Pterospathodus amorpho
gnathoides both cross the series boundary. Conodonts of
definite Wenlock age such as O;:;arkodina sagitta rhenana occur in
the sequence but these do not serve to define the base of the
Wenlock.
On Anticosti Island, Uyeno & Barnes ( 1 983) reported P.
amorphognathoides from the upper part of the Chicotte Forma
tion and concluded that most and probably all of the Chicotte
is of Llandovery age. The general scarcity of P. amorpho
gnathoides in the region is probably a result of ecologic control
( see below) so that the range of the species may be consid�r
ably restricted in this region. It is not possible, however, to
identify the Llandovery-Wenlock boundary on the basis of
conodonts on Anticosti Island. Barnes & McCracken ( 1 98 1 )
have proposed that the Anticosti Series be reconsidered as the
basal Silurian series and therefore it is important to try to
identify the base of the Wenlock on Anticosti Island. If the
Anticosti series is adopted as the lower Silurian series, we
cannot be certain how its top re!ates to the base of the Wenlock.
Detailed study offaunas from the C hicotte Formation should
be undertaken soon.
In the Chaleurs Bay region, a general depletion in diversity
and abundance takes place across the contacts of the Lime
stone Point Formation to the south, and the Anse it Pierre
Loiselle Formation to the north, with the overlying La Vieille
Formation. This is coincident with a general coarsening of the
limestone units across the contacts. P. amorphognathoides is
known from only a few specimens at a single locality in the

107

region despite the fact that almost two hundred samples have
been collected from strata considered to be late Llandovery
and/or early Wenlock in age. C. lirata appears j ust be!ow the
forrnational contact and becomes abundant in the basal La
Vieille. Definitive Wenlock conodonts, such as O. sagitta do not
occur until a leve! about 1 00 m above the base of the La Vieille
Formation. C onodonts in the basal 1 00 m of the formation are
sparse but comprise representatives of Panderodus, O;:;arkodina
and Pterospathodus including the only occurrence of P. amorpho
gnathoides.
The lithologic change from fine grained carbonates into
coarse calcarenite that corresponds to the base of the La Vieille
Formation can also be noted in other areas. On Anticosti
I sland the contact between the Jupiter (fine grained) and the
Chicotte ( crinoidal calcarenite) formations occurs at about
the same leve! . The base of the Laforce Formation ( Fig. 2,
columns 2-5) is well dated in some places, giving a late
Llandovery age, and comprises coarse calcarenites .
In the deep-water basins of Gaspe Peninsula such as that
represented at Perce ( Fig. 2, column 7) there is a shallowing
upwards to produce coarse crinoidal limestone and conglom
erate at the base of unit 9. This leve! is also approximate!y the
same age (late LIandovery) .
There is therefore a marked coarsening of sediment in the
late Llandovery of eastern C anada represented in the shallow
carbonate (Anticosti Island ) , deep-water carbonate (e.g.
Perce) and shallow carbonate-clastic (Chaleurs Bay region)
facies, probably representing shallowing at this time. I t is
perhaps this event that makes correlation using conodonts
difficult, because the shallow-water conditions appear to
exclude biostratigraphically useful conodont genera (e.g.
Kockelelta, with the possible exception of K. ranuliformis, see
be!ow) . I t may be necessary to use O;:;arkodina for biostratigra
phy in this interval. O. confluens is known only from strata of
Wenlock age (e.g. Aldridge 1 975) but its usefulness is in doubt,
paradoxically because of the immense diversity ofmorphology
noted in blade elements of O;:;arkodina in the late Llandovery
that makes it difficult to separate O. confluens from ancestrai
species. O. sagitta is bios tratigraphically the most prornising
form because ofits distinctiveness and reasonably widespread
distribution. The regional base of the Wenlock may have to be
defined using this taxon, although it does not occur in basal
Wenlock strata (Aldridge 1 9 75) . The Chaleurs Bay region has
the best potential in eastern C anada for studies of earlY
Wenlock conodonts, because the La Vieille Formation is
comprised of limestone and its upper half is of Wenlock age .

Paleoecology
Previous studies of the paleoecology of Llandovery conodonts
have been made by Aldridge ( 1 976) and Aldridge & Mabil
lard ( 1 98 1 ) . A study conducted by Le Fevre et al. ( 1 976) on
Ordovician and Silurian conodonts of Hudson Bay also
discussed briefly the paleoecology of middle and upper
Llandovery conodonts.
U nlike studies of the British Early Silurian (Aldridge 1 9 76;
Aldridge & Mabillard 1 98 1 ) no rigorous approach to the study
of diversity and distribution has been undertaken on eastern
Canadian samples as yet. A pure!y intuitive approach is
unsatisfactory, but in the case of this review, some comments
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can be made on distribution of conodonts in the mark ed ly
different facies belts, namely shallow carbonate, deep carbo
nate and shallow carbonate-c1astic facies.
C onodonts of Llandovery A age are rare in most places but
in the shallow-water carbonate strata of Anticosti Island and
the shallow carbonate-c1astic strata of the Chaleurs Bay
region they are abundant. In both areas, specimens of
Panderodus numerically dominte the fauna, but specimens of
lcriodella and Oulodus? are also abundant. In younger strata
lcriodella has been shown to have a preference for nearshore
environments (see, e.g., Aldridge & Mabillard 1 98 1 ) .
Diminutive specimens of species of Ozarkodina, such as O . hassi
and O. oldhamensis, are als o abundant in both shallow carbo
nate and shallow c1astic-carbonate facies . The interpretation
of the Clemville Formation as of very shallow water origin
conflicts with the offshore origin ascribed to it by Bourque
( 1 98 1 ) based on sedimentary structures .
Earliest Llandovery strata ofdeep-water origin, such as unit
6 of the White Head formation ( Fig. 2, column 7 ) , are virtually
devoid of conodonts . Species that are present include:
Decoriconus costulatus, Distomodus kentuclryensis, Panderodus graci
lis, P. serratus and Walliserodus curvatus. In addition to these
species, elements of diminutive, generalized species of Ozar
kodina, such as O. hassi and O. spp. A and B of N owlan ( 1 98 1 ) ,
are also present. Aldridge ( 1 9 76) and Aldridge & Mabillard
( 1 98 1 ) have pointed out the preference of Decoriconus and
Walliserodus for more offshore environments in younger strata.
A similar contrast exists in younger Llandovery ( B-C I _2 )
strata with species of lcriodella and Oulodus? present together
with abundant Panderodus in the shallow-water sediments of
the Gun River Formation on Anticosti Island and the upper
part of the Clemville and Weir formations in the Chaleurs Bay
region. The composition of deep water faunas of the White
Head Formation remains essentially unchanged from lower
strata.
Member 3 oftheJ upi ter Formation is shaly and probably of
deeper-water origin than other strata on Anticosti I sland . I t
bears representatives o f D. staurognathoides and small speci
mens of generalized species of Ozarkodina, including Ozar
kodina aldridgei and Ozarkodina pirata of U yeno &
Barnes ( 1 983) . The latter species is similar to O. hassi
and to Ozarkodina sp. B of Nowlan ( 1 98 1 ) . A similar fauna has
been recovered from deep water strata of units 7 and 8 of the
White Head Formation (Nowlan 1 98 1 ) . Aldridge ( 1 976)
considered an association of O. gulletensis and I. inconstans to be
indicative of shallow-water conditions in Telychian strata of
Britain. A similar association has been recovered from the
demonstrably shallow-water Anse C ascon Formation (Now
lan 1 98 1 ; Bourque 1 98 1 ) and from the uppermost part of the
Jupiter Formation of Anticosti Island (Uyeno & Barnes
1 98 1 ) . No Telychian strata of deep-water origin were depo
sited in eastern C anada; in the Perce region depositional
environments shallow towards the top of the White Head
Formation. The general scarcity of elements of Pterospathodus
celloni in eastern C anada may be the result of environmental
conditions that were too shallow for its widespread develop
ment. Aldridge ( 1 976) indicated that P. celloni is more common
in offshore environments in the British Lower Silurian, and
LeFevre et al. ( 1 976) came to a similar conclusion for the Lower
Silurian of the Hudson Bay region.
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In a discussion of the distribution of conodonts in the time
interval representative of the P. amorphognathoides Zone,
Aldridge & Mabillard ( 1 98 1 ) concluded that Apsidognathus,
lcriodella, Kockelella ranuliformis and species of Ozarkodina
including O. excavata were prominent components of near
shore faunas . In eastern C anada, the Limestone Point Forma
tion and Anse it Pierre-Loiselle Formation on the south and
north sides of C haleurs Bay, respectively, contain a fauna
dominated numerically by Panderodus but characterized by
species of Apsidognathus, Ozarkodina and Pterospathodus. This
assemblage may suggest a nearshore but not shallowest
nearshore environment. lcriodella, although locally abundant
in northern New Brunswick, is not common. This interpreta
tion fits well with the intermediate environment suggested for
the Anse it Pierre-Loiselle Formation by Bourque ( 1 98 1 ) . The
absence or extreme scarcity of P. amorphognathoides, Camiodus
camulus, Dapsilodus and Decoriconus certainly suggests that it
was not a markedly offshore environment.
The domination of faunas from the La Vieille Formation
by species of Panderodus and Ozarkodina also suggests a shallow
water environment according to the distribution reported by
Aldridge & Mabillard ( 1 98 1 ) . This is supported by the
shallowing interpreted from sedimentary structures in the
lower part of the La Vieille Formation by Bourque ( 1 98 1 ) .
This shallowing episode culminated in the development of
patch reefs and algal fiats in the midd le part of the La Vieille
Formation.
Samples from the lower part of the C hicotte Formation,
Anticosti I sland, include Apsidognathus tuberculatus, Ptero
spathodus pennatus procerus and Camiodus camulus (Uyeno &
Barnes 1 983) . A nearshore environment is suggested on the
basis of A. tuberculatus, but a more offshore environment is
suggested by Camiodus. P. amorphognathoides makes its only
appearance near the top of the Chicotte Formation, but this
appearance may be environmentally con troll ed by the shal
lowness of the environment of deposition of much of the
Chicotte Formation.
As a result of this preliminary and admittedly intuitive
survey of the distribution ofconodonts in the Lower Silurian of
eastern C anada severai tentative conclusions can be drawn :
( 1 ) lcriodella and severai species of Ozarkodina inhabit
regions of shallow water, a faet that has long been known from
the work of Aldridge ( 1 976) .
(2) Small, generalized speeies of Ozarkodina, such as O. hassi
and O. spp. A and B of Nowlan ( 1 98 1 ) , inhabited both
nearshore and offshore environments in the earliest Silurian
but shifted their preferenee to offshore environments in the
middle LIandovery.
( 3 ) An assemblage dominated by Panderodus but characteri
zed by species of Apsidognathus, Pterospathodus and Ozarkodina
represents an intermediate to nearshore environment in the
Llandovery C�6 interval in the Chaleurs Bay region.
(4) The scarcity of zonal indicators such as P. celloni, P.
amorphognathoides and C. camulus is probably a result of
environmental conditions that were too shallow.
(S) Panderodus is abundant in all environments in the Lower
Silurian of eastern C anada and is therefore probably a
widespread pelagic form .
(6) Dapsilodus, an apparent indicator of deep offshore
environments (Aldridge & Mabillard 1 98 1 ; Amsden et al.
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1 980) is rare in the Lower Silurian of eastern Canada despite
deep water deposition in the early and midd le LIandovery,
although it is present in the middle part of the Jupiter
Formation on anticosti Island (Uyeno & Barnes 1 983 ) .
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Appendix
Location ofsections from which illustrated speeimens (Figs. 3, 4) were
obtained . Sections I A-2B, 5 are from Chaleurs Bay (area/column 6,
Figs . 1 , 2 ) ; sections 3, 4 are from the Perce area (area/column 7, Figs . I ,
2 ) ; sections 6- 1 0 are from northern New Brunswick (area/column 1 2 ,
Figs . 1 , 2) .
Section lA : Type section ofClemville Formation on Petite Port-Daniel
River, west of the vill age of Clemville, southern Gaspe Peninsula,
Quebec. Latitude 48° 1 0 ' 34"; longitude 65°0 1 '02"W. See Bourque &
Lachambre ( 1 98 1 , Figs . 2, 1 6) .
Section lB: North Oank of the Clemville Anticline on Petite Port

Daniel River, west of the vill age of Clemville, southern Gaspe
Peninsula, Quebec. Latitude 48° 1 0 ' 38"N; longitude 65°0 1 ' 25"W . See
Bourque & Lachambre ( 1 98 1 , Figs . 2, 1 6 ) .
Section 2A : Roadcut o n Highway 1 32 near Gascons-Est, southern
Gaspe Peninsula, Quebec. Latitude 48° 1 2 ' 20"N; longitude
64°49 ' 30"W. See Bourque & Lachambre ( 1 98 1 , Figs . 2, 1 2 ) .
Section 2B: Railroad cut 500 m southeast o f section 2 A. Latitude

48° 1 2 ' 1 3"N; longitude 64°49 ' 05"W . See Bourque & Lachambre
( 1 98 1 , Figs . 2, 1 2 ) .
Section 3 : Roadcuts along Flynn road, Perce, eastern Gaspe Peninsula,

Quebec. Latitude 48°30' 25"N; longitude 64° 1 4 ' 05"W . See Skidmore
& Lesperance ( 1 98 1 , Fig. 25) .
Section 4: Bed of 'Cannes-des-Roches' Brook, about 3 km northwest of
section 3. Latitude, 48°3 1 ' 24"N; longitude 64° 1 6 ' 1 2"W. See Skidmore
& Lesperance ( 1 98 1 , Fig. 25) and Nowlan ( 1 98 1 , Fig. 3) .
Section 5: Black Cape section, at Howatson Point near New Richmond,
southern Gaspe Peninsula, Quebec. Latitude 48°08 ' 30"N; longitude
65°50 ' 1 9"W. See Bourque & Lachambre ( 1 98 1 , Figs . 2, 24) .
Section 6: Mouth ofDickie Cove Brook, west of] acquet River, northern

New Brunswick; south side of Chaleurs Bay. Latitude 4T5 7 '07"N;
longitude 66°07 ' 45"W. See Lee & Noble ( 1 97 7 , Figs . 1 , 2) .
Section 7: Flanagans, northern New Brunswick, j ust west of Quinn

Point ( Section 8 ) , south side of Chaleurs Bay. Latitude 47°55' 06"N;
longitude 65°5 7 ' 1 8"W. See Noble ( 1 976, Figs . 1 , 2 ) .
Section 8 : Quinn Point, northern New Brunswick, south side of
Chaleurs Bay. Latitude 47°55' I I "N; longitude 65°56' 42"W . See
Noble ( 1 976, Figs . 1 , 2) .
Section 9: Limestone Point, northern New Brunswick, type section of

Limestone Point Formation; south side of Chaleurs Bay. Latitude
47°48 ' 54"N; longitude 65°43' 34"W . See Noble ( 1 976, Figs . 1 , 2 ) .
Section 10: Coastal section a t mouth of Hendry Brook, northern New
Brunswick, south side of C haleurs Bay. Latitude 47°53' 06"N; lon
gitude 65°48 ' 23"W . See Noble ( 1 976, Figs . 1 , 2) .
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This paper represents a preliminary report on a study of
conodonts from Severnaya Zemlya. Previous studies of the
geology of this region include those by Urvantzev ( 1 933) and
Egiazarov ( 1 959) . Detailed research on paleontology and
stratigraphy began in 1 978, and the first resuIts were reviewed
by Menner et al. ( 1 9 79, 1 982) . Klubov et al. ( 1 980) first
determined Silurian and Devonian conodonts from the area.
The maj ority of the material for this study was collected
during field work in 1 9 79. The author also had an opportunity
to use the samples collected by Dr. E. Kurik in 1 9 74 and by Dr.
V. Menner in 1 9 78. Silurian conodonts have been studied
from five sections on October Revolution Island and from one
on Srednii Island .
The Paleozoic section of October Revolution Island ranges
from Cambrian to Upper Devonian. The oldest strata are
exposed in the eastern part of the island, which is mostly
covered by continental glaciers . The Cambrian-Silurian
sediments in the middle and eastern parts of the island are
deformed, with the Silurian outcrops situated on the limbs of a
northwest-southeast trending anticline, the co re of which is
formed by Ordovician rocks. Lithologically the Silurian is
represented by fossiliferous shallow-water carbonates with
thin interbeds of sandstone at some leveis . The Silurian
marine carbonate rocks are underlain by variegated sand
stones and siltstones of Ordovician age. The Ordovician
Silurian boundary is lithologically easily recognizable, but
there is no evidence ofa hiatus. The system boundary is taken
at the top of the uppermost sandstone layer, which is overlain
by limes tone. The upper part of the Silurian was eroded before
Devonian sedimentation in the central and western part of the
region, but is mostly preserved in the east. The sequences
available for study are exposed in river valleys perpendicular
to the outcrop beits on October Revolution Island, and in the
cliffs along the coast on Srednii Island ( Fig. I ) .
I n this article a short description of the Silurian deposits is
presented, and the conodont faunas recovered by dissolving
230 samples are discussed. The conodont elements are
described in terms of the notation proposed by Cooper ( 1 9 75) .

The term s. f. (sensufonno) is used to denote species regarded as
form taxa. The study of Silurian conodonts from Severnaya
Zemlya has resulted in the recognition of faunas and zones
known elsewhere; systematic descriptions will be given in
fu ture publications .
The conodont elements from Srednii Island are generally
amber in color although some variation is noted. On October
Revolution Island the conodonts are brown to dark brown .
With reference to the conodont color alteration index, the
conodonts from Srednii Island have a CAI ofabout 1 - 1 , 5 and
those from October Revolution Island 2-3, reflecting burial
temperatures of /ess than 90°C and of 60-200°C , respectively
(see Epstein et al. 1 97 7 ) .
All the figured specimens are deposited at the Institute of
Geology of the Academy of Sciences of the Estonian SSR.

Vodopad Formation
The Vodopad Formation is the lowest unit of the Silurian on
Severnaya Zemlya. It was erected by Menner ( Menner et
al. 1 979) and is named after the waterfall (Russian BOJ:\orraJ:\)
on the Matusevich River on October Revolution Island,
where the type section is situated ( Fig. I ) . The unit, 250-300 m
in thickness, is composed of sediments of a maj or marine
transgression, comprising grey and dark grey dolomitic
limes tones, with siliceous nodules in the upper part. Corals
( tabulates, rugosans) , stromatoporoids, brachiopods, ostra
codes and crinoids are numerous, particularly in the upper
part. The lowermost and uppermost parts of the formation are
rich in pentamerid brachiopods. The megafauna indicates a
Llandovery age (Menner et al. 1 982 ) .
Silurian conodonts appear i n the lowermost beds o f the
formation. Ozarkodina oldhamensis (Rexroad 1 96 7 ) , O. aff. hassi
( Pollock, Rexroad & Nicoll I 970) , O:::arkodina cf. sp. A Nowlan
1 9 8 1 , !criodella cf. dtiflecta Aldridge 1 972, Oulodus? cf. kentuckyen
sis ( Branson & Branson 1 94 7 ) , Distomodus cf. kentuckyensis
Branson & Branson 1 947, Ambalodus anapetus Pollock, Rexroad
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Fig. 1. Sketch map showing the locations of sections collected for

conodonts. Diagonal pattern denotes Silurian rocks. l - Srednii; 2 Matusevich River; 3 - Ushakov R.; 4 - Stroinaya R.; 5 - Spokoinaya
R.; 6 - 0bryvistaya R.

& NicoU 1 9 70 s. f., Amorphognathus tenuis A1dridge 1 9 7 2 s. f., and
Pseudooneotodus beckmanni ( BischolT & Sanne mann 1 958) s. f.
are common ( Fig. 2) . This fauna is very similar to the
faunal assemblage that Aldridge ( 1 9 7 2 ) referred to the
lcriodella discreta - l. deflecta Assemblage Zone in the Welsh
Borderland . This suggests an Idwian ( B '_3) to early Fronian
( C '_2 ) age. The assemblage on Severnaya Zemlya is also
similar to the fauna recovered from the Brassfield Limestone of
I ndiana and Ohio (Branson & Branson 1 974; Rexroad 1 96 7 ;
Cooper 1 9 75) . McCracken & Barnes ( 1 98 1 a, b) report ed
similar early Silurian conodont faunas inc!uding a new
speeies, Oulodus? nathani, from Member 6 of the EUis Bay
Formation, Anticosti Island . Nowlan ( 1 98 1 ) noted that the
ClemviUe Formation, Gaspe Peninsula, yields conodonts
identica1 to those in the EUis Bay fauna, together with
brachiopods of Rhuddanian (Llandovery A) age. According
to Nowlan, the beds containing the earliest Silurian faunas on
Anticosti as weU as in the Gaspe Peninsula are probably
equivalent in age to the Rhuddanian Stage. The faun as
described by McCracken & Barnes and by Nowlan are
assigned to the O . ? nathani Zone, which precedes the Distomodus
kentuckyensis Zone in North Ameriea and the lcriodella discreta 
l. deflecta Assemblage Zone of Britain (Nowlan 1 98 1 ) . The
assemblage from the lower part of the Vodopad Formation
does not contain O . ? nathani. This fauna may be younger than
that of the O . ? nathani Zone and belong to the lcriodella discreta l. deflecta Assemblage Zone ( Fig. 3 ) .
I n the upper part o f the Vodopad Formation conodonts are
rare. Samples from this interval yielded Ozarkodina alT. hassi, O.
alT. broenlundi Aldridge 1 9 79, A mbalodus sp. s . f. , Apsidognathus
sp. A s. f., lcriodina? sp. s. f. and gen. nov. A s. f. ( Fig. 2 ) . The
main changes noted from the earlier fauna are the addition of
O. alT. broenlundi and gen. nov. A s. f., and the absenee of l. cf.
deflecta and O. oldhamensis. O. alT. broenlundi ( Fig. 5 R) is similar
to the speeies described by Aldridge ( 1 979) from Peary Land,
eastern North Greenland. I n Peary Land O. broenlundi occurs

100

0
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•

Fig. 2. Stratigraphic ranges of conodonts in the Silurian of Severnaya

Zemlya.
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Fig. 3. Correlation chart offormations on Severnaya Zemlya with the

standard conodont zonal sequences of Europe and North Ameriea.
Data on Britain from Aldridge ( 1 972, 1 97 5 ) ; on the Carnic Alps from

together with Pterospathodus (Walliser 1 964) . The P. celloni
Zone is approximately equivalent to the lcriodella inconstans
Assemblage Zone defined in Britain (Aldridge 1 972) . The
material from the upper part of the Vodopad Formation does
not allow the age of this interval of the unit to be firmly
established . However, the appearance high er in the section of
I. cf. inconstans suggests that it is older in age than the l.
inconstans Assemblage Zone of Britain, and probably equiva
lent to the British Distomodus staurognathoides Assemblage Zone
( Fig. 3 ) . The preservation of the other conodonts from this
interval is toa poor to give any valuable information .

Golomyannyi Formation
The formation was named by Menner ( Menner et al. 1 9 79)
after one of the islands of the Sedov Archipelago, although the
type section of the formation is situated at the Matusevich
River on October Revolution Island. The Golomyannyi
Formation, 95- 1 1 5 m thick, represents a phase ofregression in
the marine basin. The formation is built up of thin-bedded
dayey limestones with interbeds of sandstone, stromatolitic
limes tone, with dolornite at some leveIs . In the dayey
limes tones ostracodes, gastropods, small brachiopods and
trilobites are abundant, whereas rugosans, tabulates and
stromatoporoids are very rare. The brachiopod Dubaria tenera
Nikiforova & Modzalevskaya indicates that the age of the
formation is LIandovery . In some areas ofOctober Revolution
and on other islands of Severnaya Zemlya the Vodopad and
the Golomyannyi Formations are united in Sneznyi Forma
tion (Menner et al. 1 982 ) .
The following conodonts have b ee n identified i n the

Du/odus ? nafhani

?

Walliser ( 1 964) ; and on North Ameriea from Nicoll & Rexroad
( 1 968) , Pollock et al. ( 1 970) , Cooper ( 1 9 7 5 ) , McCracken & Barnes
( 1 98 1 a, bl , and Nowlan ( 1 98 1 ) .

formation : lcriodella cf. inconstans Aldridge 1 972, O . afr. hassi, O.
aff. broenlundi, Oulodus? sp. A, Ambalodus sp. s. f. and gen . nov. A
s. f. ( Fig. 2) . The new components in the fauna are l. cf.
inconstans and Oulodus? sp. A. l. cf. inconstans ( Fig. 4 T) appears
in the lowermost beds of the formation. It is similar to l.
inconstans Aldridge, although the lanceolate shape of the
platform in oral view is less developed. In this formation
Oulodus? sp. A is represented mainly by its trichonodelliform
(Sa) element ( Fig. 4 V) , which is easily recognizable, with
lateral processes that are directed only slightly downwards
and are almost straight.
The occurrence of l. cf. inconstans in the Golomyannyi
Formation confirms a Llandovery e 5 age for the unit and
enables correlation with the l. inconstans Assemblage Zone of
Aldridge ( 1 97 2 ) in Britain (Fig. 3 ) . l. inconstans occurs in
Britain in association with Pterospathodus celloni, and the l.
inconstans Assemblage Zone is probably equivalent to the
upper part of Walliser's P. celloni Zone and may include the
lower part of his P. amorphognathoides Zone (Aldridge 1 97 2 ) .
Aldridge ( 1 972) correlated the l. inconstans Assemblage Zone
with the upper part of the Neospathognathodus celloni Assemblage
Zone of North America. At present on ly l. cf. inconstans is
known from Severnaya Zemlya; P. celloni has not been found.

Srednii Formation
The Srednii Formation ( 300-400 'm) was named by Menner
( Menner et al. 1 9 79) after Srednii Island in the Sedov
Archipelago. The lithology is very diverse and represents a
new maj or transgression. In its type section on the Matusevich
River the formation is comprised ofintercalations oftabulate-
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stromatoporoidal limes tones , sometimes silicified, with
stromatoporoidal bioherms and biostromes, and thick layers
of brownish-grey limes tones with ostracodes, gastropods,
crinoids, and rare tabulates . Interbeds of greenish-grey thin
bedded dolomitic limes tones lack fauna. Rare beds with
stromatolites are common in the upper part of the formation .
The megafauna suggests a Wenlock age, but the basal beds
may still belong to the Llandovery (Menner et al. 1 982) .
Conodonts are most abundant in the lower part of the
formation. This interval is the richest in conodonts in the
whole Silurian sequence on Severnaya Zemlya. Speeimens of
lcriodella cf. inconstans and Oulodus? sp. A are present in great
numbers and in some samples they are the main components
of the fauna. O. aff. hassi and gen . nov. A s . f. also occur. The
new elements in the fauna are O. polinclinata (Nicoll & Rexroad
1 968) , Ozarkodina sp. A, Pterospathodus cf. pennatus (Walliser
1 964) , Neoprioniodus cf. triangularis Walliser 1 964 s. f, N. cf.
subcarnus Walliser 1 964 s. f., Diadelognathus cf. nicolli Aldridge
1 9 72 s. f., Pygodus aff. lyra Walliser 1 964 s. f. , P. lenticularis
Walliser 1 964 s. f. and Apsidognathus cf. Tuberculatus Walliser
1 964 s. f. ( Fig. 2) . A. cf. tuberculatus, which is represented by
broken platform elements ( Fig. 4 U ) , was firs t described by
Walliser 1 964 s. f. and Apsidognathus cf. tuberculatus Walliser
the P. celloni and P. amorphognathoides Zones. It was subse
quently reported from Britain (Aldridge 1 972) , North
Ameriea (Nicoll & Rexroad 1 968; Helfrich 1 980) and East
C anada ( Nowlan 1 98 1 ) . Speeimens assigned by Helfrich
( 1 980) and Nowlan ( 1 98 1 ) to A. tuberculatus differ from those
described by Walliser ( 1 964) , as they are more rounded in oral
view and have one dominant straight high ridge or blade of
denticles on one side of which is situated a smooth groove. A .
tuberculatus, described b y Walliser, lacks the groove and i s more
elongated anteriorly and posteriorly . The free blade is curved
and two rows of nodes diverge from it on each side. A. cf.
tuberculatus s. f. on Severnaya Zemlya is similar to forms
described by Walliser. In the upper part of the formation a
conodont herein called Apsidognathus sp. B s. f. ( Fig. 5 Y) is
found in association with A . cf. tuberculatus. It is identical to the
form assigned by Helfrich ( 1 980, Pl. 1 : 29) and Nowlan ( 1 98 1 ,
Pl. 7 : 7 , 1 2, 1 3 ) to A . tuberculatus.
P. cf. pennatus is represented only by a few delicate speei
mens, none of them having an expanded blade or nodose
denticles ( Fig. 4 W ) ; only the Pa element is recognised. It is
similar to those described by Nowlan from the Anse a Pierre
Loiselle Formation of the Gaspe Peninsula (Nowlan 1 98 1 , Pl.
7: 1 , 4) , although my speeimens have only one or two denticles
on the lateral proeess . P. pennatus ranges from late Telychian to
early Sheinwoodian in Britain (Aldridge 1 9 72, 1 975) and is of
similar age in North Ameriea (Nicoll & Rexroad 1 968) .
Three speeies assignable to the multielement genus Ozar
kodina have been identified from the Srednii Formation . The
speeimens of O. aff. hassi are similar to those found from the
Vodopad and Golomyannyi Formations ( Fig. 5 I , J , K, N, Q) .
The Pa, Pb, and M elemen ts of O. polinclinata are common and
easily recognised . In Ozarkodina sp. A the spathognathodiform
( Pa) element ( Fig. 4 M) resembles the equivalent in O. aff.
hassi, with a similar wide and rounded basal cavity, but the
denticles are larger and more robust. The element has a large
apical denticle, but on some speeimens one or two denticles at
the anterior end of the blade are of the same size as the cusp.
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The Pb element ( Fig. 4 N) has a large eus p and the denticles on
the an terior blade are much higher than those on the pos terior.
The basal cavity is wide and rounded beneath the cusp. The
possible Sa, Sb, Se elements of the apparatus (Fig. 4 0, P, Q)
are common.
The Sa elements of Oulodus? sp. A appear in the Golomyan
nyi Formation, but the speeies is most numerous in the lower
part of the Srednii Formation, where all the elements have
been found . The first P ( Pa?) element ( Fig. 4 R) is somewhat
similar to its equivalent in Oulodus? nathani McCracken &
Barnes 1 98 1 b, but differs in being shorter and in having
distinet denticles fused on ly in their lower parts . The posterior
blade is twisted to the outer side. The P ( Pb?) elements ( Fig.
4 Z ' ) are similar to speeimens referred to Lonchodina walliseri
Ziegler 1 960 s. f. , but they are very varied . The M element has
not been positively identified . Probably, some speeimens in
my material similar to P ( Pb?) elements might occupy the M
position in the apparatus . They have a very short anterior
proeess with two or three small discrete denticles ( Fig. 4 Z) .
The Se element ( Fig. 4 S) resembles Ligonodina kentuckyensis
Branson & Branson 1 947 s. f. The elements assumed to be Sb
( Fig. 4 X) are somewhat similar to Lonchodina greilingi s. f.,
described by Walliser ( 1 964) .
Conodonts assignable to Oulodus? cf. kentuckyensis are found
together with l. cf. inconslans in the lowermost beds of the
Srednii Formation ( Figs . 2, 4 F, G, H, J, K) . On the Gaspe
Peninsula, Canada, Nowlan ( 1 98 1 ) described O? cf. kentuckyen
sis from the Clemville Formation, assigned to the succes sive
O.? nathani and D. kentuckyensis Zones ( Llandovery A?-C2) of
the North American continent and to the lcriodella discreia 1.
-

Fig. 4. DA, B, C. Icriodella cf. dejlecta Aldridge. DA. Oral view of Pa

element, X 75, Cn 5000. Yodopad Formation, Srednii Island. DB.
Lateral view of M element, X 80, Cn 500 1 . DC. Lateral view of S
element, X 75, Cn 5002. B and C from the Yodopad formation,
Oetober Revolution Island, Stroinaya River. DO, E, I. Distomodus cf.
kentuckyensis Branson & Branson. All speeimens from the Golomyan
nyi Formation, Srednii Island. OD. Lateral view ofPb element, X 40,
Cn 5003. D E. Lateral view of Se element, X 45, Cn 5004. DI. Posterior
view of Sa element, X 70, Cn 5005. OF, G, H, J, K . Oulodus? cf.
kentuckyensis (Branson & Branson) . All speeimens from the Srednii
Formation, Srednii Island. OF. Lateral view of first P (Pa?) element,
X 75, Cn 5006 . OG. Posterior view ofSb element, X 50, Cn 500 7 . OH.
Lateral view of Se element, X 80, Cn 5008. DJ . Lateral view of P ( Pb?)
element, X 85, Cn 5009 . DK. Posterior view of Sa element, X 80, Cn
50 1 0 . D L. Ozarkodina sp. A Nowlan; lateral view of Pa element, X 75,
Cn 5 0 1 1 , Yodopad Formation, Srednii Island. DM, N, O, P, Q.
Ozarkodina sp. A . All speeimens from the Srednii Formation, Srednii
I sland. DM. Lateral view of Pa element, X 40, Cn 50 1 2 . ON. Lateral
view ofPb element, X 45, Cn 50 1 3 . DO. Posterior view of Sb element,
x 55, Cn 50 1 4. DP. Lateral view of Se element, x 55, Cn 50 1 5 . DQ.
Posterior view of Sa element, x 40, Cn 5 0 1 6 . DR, S, Y, X, Z, Z ' .
Oulodus? s p . A. A l l speeimens from t h e Srednii Formation, Srednii
Island. DR. Lateral view of first P (Pa?) element, x 50, Cn 50 1 7 . D S .
Lateral view of Se element, X 45, Cn 50 1 8 . DY. Posterior view o f S a
element, x 55, Cn 5 0 1 9 . D X. Posterior view of Sb element, x 50, Cn
5020. D Z . Lateral view of M ( ? ) element, x 50, Cn 502 1 . D Z ' . Lateral
view of P ( Pb?) element, x 55, Cn 5022. DT. Icriodella cf. inconstans
Aldridge; oral view of Pa element, x 45, Cn 5023, Srednii Formation,
Srednii Island. DU. Apsidognathus cf. tuberculatus Walliser s. f.; oral
view, X 45, Cn 5024, Srednii formation, Oetober Revolution Island,
U shakov River. OW. Pterospathodus cf. pennatus (Walliser) ; lateral view
of Pa element, X 85, Cn 5025, Srednii Formation, Srednii I sland. OY.
gen. nov. A s . f. ; lateral view, X 50, Cn 5026, Golomyannyi Formation,
Oetober Revolution Island, Ushakov River.

FOSSILS AND STRATA 1 5 ( 1 983)

A

Silurian conodonts from Sevemaya Zemlya

1 15

1 16

Peep Miinnik

FOSSILS AND STRATA 1 5 ( 1 983)

FOSSILS AND STRATA I S ( 1 983 )

deflecta Assemblage Zone of Britain . On Severnaya Zemlya O . ?
c f. kentuckyensis is found together with forms eharaeteristie of
the /criodella discreta - l. deflecta Assemblage Zone in the Vodo
pad Formation, but also oeeur in the lower part of the Srednii
Formation. The age ofthis horizon may be late LIandovery, as
it eontains Apsidognathus cf. tuberculatus s. f. Severai other taxa,
P. cf. pennatus, O. polinclinata and Pygodus speeies, indieate a late
Llandovery - earliest Wenloek age . Aeeording to Menner
( Menner et al. 1 982) the megafauna indieates a late Llandov
ery or earliest Wenloek age for the lower part of the formation .
The upper part of the Srednii Formation has yielded few
conodonts ( Fig. 2) . Ozarkodina aff. hassi is still the dominant
speeies . The main new multielement eomponent is Oulodus?
sp. B ( Fig. 5 S, T, W, X) and the fauna also includes some
speeimens of Neoprioniodus cf. subcarnus s. f., Apsidognathus cf.
tuberculatus s. f. and Apsidognathus sp. B s. f. Only one P ( Pb?)
element of Oulodus? sp. B has been reeognised; it is very similar
to Lonchodina detorta Walliser 1 964 s. f. and is eharaeteristie.
The M, Se, Sb and S a elements of the apparatus are common.
Walliser ( 1 964) deseribed L. detorta s. f. as an Upper Silurian
speeies, oeeurring in the Ludlow Polygnathoides siluricus Zone
and high er leveIs in the C arnie Alps . The other elements
assigned to Oulodus? sp. B are known from Wenloek strata in
the C arnie Alps (Walliser 1 964) . Aldridge ( 1 972) has reeorded
similar conodonts from the Idwian and lower Wenloek. On
Severnaya Zemlya Oulodus? sp. B is found together with a
megafauna regarded as Wenloek in age ( Menner et al. 1 982) .
Neoprioniodus cf. subcarnus s. f. and Apsidognathus cf. tuberculatus
s. f. are common in the upper Llandovery and lower Wenloek
Fig. 5. DA, B, C, D . Ozarkodina oldhamensis (Rexroad) . All specimens

from the Vodopad Formation, October Revolution Island, Stroinaya
River. DA. Lateral view of Pa element, X 7S, Cn S027 . DB . Lateral
view ofPb element, X 80, Cn S028. O C . Posterior view of Sb element,
X 1 40, Cn S029. OD. Lateral view of M element, X SS, Cn S030. DE.
Amorphognathus tenuis Aldridge s . f. ; oral view, X 40, Cn S03 1 , Vodopad
Formation, October Revolution Island, Spokoinaya River. OF.
Ambalodus anapetus Pollock, Rexroad & Nicoll s . f. ; lateral view, X 7S,
Cn S032, Vodopad Formation, October Revolution Island,
Spokoinaya River. OG, H, L , M , U. Oulodus? sp. C . All specimens from
the Ustspokoinaya Formation, October Revolution Island,
Matusevich River. OG. Lateral view of Sc element, X 7S, C n S033.
OH. Posterior view of Sb element, X 40, C n S034. D L . Posterior view
ofSb element, X 40, Cn S03S. D M . Posterior view ofSb element, X SO,
Cn S036. DU. Posterior view of Sa element, x 40, Cn S038. DO, V.
Ozarkodina? sp. B . Both specimens from the Ustspokoinaya Forma
tion, October Revolution Island, Matusevich River. DO. Lateral
view of Pa element, X 80, Cn S03 7. DY. Lateral view of Pb element,
x 40, Cn S038. D I , ] , K, N, Q. Ozarkodina atT. hassi ( Pollock, Rexroad &
Nicoll) . All specimens from the Srednii Formation, October Revolu
tion Island, Ushakov River. DI. Lateral view of M element, X 7S, Cn
S040. O] . Lateral view ofSc element, X 7S, C n S04 1 . DK . Lateral view
of Pa element, X 7S, Cn S042 . ON. Posterior view of Sa element, X 80,
Cn S043 . OQ. Lateral view of Pb(?) element, X 80, Cn 5044. OP.
Pterospathodus atT. amorphognathoides Walliser s . f. ; lateral view, X I SS,
Cn S04S, Samoilovich Formation, October Revolution Island,
Matusevich River. DR. Ozarkodina atT. broenlundi Aldridge; lateral
view of Pa element, X 8S, Cn S046, Golomyannyi Formation, October
Revolution Island, Ushakov River. DS, T, W, X. Oulodus? sp. B. All
specimens from the Srednii Formation, October Revolution Island,
Ushakov River. DS. Lateral view of M element, X I SS, Cn S047. OT.
Lateral view of P ( Pb?) element, X 80, C n S048. OW. Posterior view of
Sb element, X 85, C n S049. OX. Lateral view of Sc element, X 70, Cn
SOSO. DY. Apsidognathus sp. B s. f.; oral view, X 8S, Cn SOS I ,
Samoilovich Formation, October Revolution Island, Matusevich
River.
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(Walliser 1 964; Nieoll & Rexroad 1 968; Aldridge 1 9 72) .
Apsidognathus sp. B s.f. is known at present only from the upper
Llandovery (Helfrieh 1 980; Nowlan 1 98 1 ) .

Samoilovich Formation
The Samoilovieh Formation, ereeted by Menner (Menner et
al. 1 9 79) , was named after Samoilovieh Island. This formation
and both the sueeeeding formations are eomposed of regres
sive sediments . The unit is 260-- 3 20 m thiek and consists of a
rhythmie interealation of stromatolitie, oolitie and oneolitie
limes tones with greenish-grey thin-bedded clayey limestones.
In the latter lithology gastropods, braehiopods, os traeodes
and trilobites are numerous. The boundary with the under- \
Iying unit is plaeed at the top of the uppermost thiek ( 2-3 m)
layer of limes tones with abundant stromatoporoids eharae
teristie of the Srednii Formation. In the lower part of the
formation braehiopods Hyattidina parva Nikiforova, Anabaria
rara (Nikiforova) and Protatrypa lepidota Nikiforova & Mod
zalevskaya have been found that indieate a Wenloek age. The
number of megafossils deereases towards the top of the
sequenee, but an interval rieh in tabulates of Ludlow age
oeeurs in the upper part of the formation. On the Ushakov
River at the same level the vertebrates Logania ex. gr.
ludlowensis Gross, Thelodus sp. nov. and Darthmutia have been
found . The upper limit of the formation is taken at the basal
layer of the greenish-grey sands tones of the overlying Ust
spokoinaya Formation . The position of the Lower-Upper
Silurian boundary is unclear at present ( Menner et al. 1 982) .
The lower part of the Samoilovieh Formation yields a
conodont fauna similar to that of the upper part of the Srednii
Formation ( Fig. 2 ) . Ozarkodina aff. hassi, Oulodus? sp. B,
Apsidognathus sp. B s. f. and Pygodus cf. lenticularis s. f. are
common. A new eomponent is Pterospathodus aff. P. amorpho
gnathoides ( Pa element) Walliser 1 964 ( Fig. 5 P ) , whieh is
identieal to the forms illustrated by Nowlan ( 1 98 1 , Pl. 7 : 2 , 5)
from the Anse a Pierre-Loiselle Formation. Nowlan remarked
that Pterospathodus aff. P. amorphognathoides probably represents
a separate speeies that may be an ancestor of P. amorpho
gnathoides, whieh was found in the overlying La Vieille
Formation. Pterospathodus aff. P. amorphognathoides is of latest
Llandovery age on the Gaspe Peninsula. Apsidognathus sp. B
s. f. , deseribed by Nowlan from the Anse il Pierre-Loiselle
Formation as platform element of Apsidognathus tuberculatus, is
also of the same age. Pygodus ef. lenticularis s. f. is found from the
Telyehian in Britain (Aldridge 1 97 2 , 1 975) and is of the same
age in the C arnie Alps (Walliser 1 964) . All these taxa indieate
a late Llandovery age. Only Oulodus? sp. B has elements,
similar to those known from beds yo'unger than LIandovery. It
is noteworthy that Llandovery conodonts here range into
s trata that may be oflate Wenloek age and oeeur with forms of
megafauna known from Wenloek and younger beds . A similar
phenomenon, where O. hassi ranges up to the Lower-Upper
Silurian boundary is known from the Timan-Petehora Pro
vinee (S. V. Melnikov, personal eommunieation) .
Samples from the upper part of the formation yielded only
Ozarkodina conjluens (Branson & Mehl 1 93 3 ) and O. excavata
( Branson & Mehl 1 93 3 ) . O. conjluens ranges elsewhere from
late Sheinwoodian to Downtonian (Aldridge 1 97 5 ) , but here
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the megafauna indicates a Ludlow age ( Menner et al. 1 982) . O.
excavata is known as a widespread species ranging from
Fronian to Downtonian (Aldridge 1 9 75) .

Ustspokoinaya Formation
Menner erected the U stspokoinaya ( Menner et al. 1 982) ,
formerly the Izluchina ( Menner et al. 1 979) , Formation, for a
sequence of violet-grey, green-grey and red-brown maris tones
and clayey limes tones with numerous ostracodes. The lower
most part of the formation contains interbeds of sandstone.
Thin beds of dolomite are common . The red colour of the
sediments increases up the sequence. On ly in the eastern part
of October Revolution Island, near the mouth of the
Spokoinaya River, is the whole sequence of the formation
( 200-250 m) available for study. On the Matusevich and
U shakov Rivers the upper part of the formation was eroded
before Devonian sedimentation. The vertebrates Tremataspis
sp. nov . , Thelodus cf. schmidti ( Pander) , Logania martinssoni
Gross, indicating a Ludlow age, have been found in this
formation.
The conodonts in the Ustspokoinaya Formation are known
only from the sequences on the Matusevich and Spokoinaya
Rivers . On the Matusevich River the lowermost beds of the
formation contain some elements of O;:arkodina excavata. Two
undescribed speeies designated O;:arkodina? sp. B and Oulodus?
sp. C ( Fig. 2) appear higher in the sequence. A few elements of
these speeies have also been recovered from the sequences on
the Spokoinaya River. O;:arkodina? sp. B is in maj ority
represented by Pa and Pb elements. A few Se and M elements
occur on the Matusevich River. The anterior denticles of the
Pa element of O;:arkodina? sp. B ( Fig. 5 O) are fused nearly to
their apices and form a gradually deepening row to the cusp,
which is situated near the posterior. At the posterior end the
height of the denticles fall rapidly . The basal cavity has flared
li ps at the midlength of the unit under the posteriorly inclined
cusp. The arched Pb element ( Fig. 5 V) has a strong cusp
situated posterior of midlength and inclined posteriorly. The
denticles of the posterior blade are much lower than those of
the anterior. The posterior blade is turned outwards and
strongly twisted inwards. The basal cavity is widest beneath
the cusp. The M element has a long downwards directed
posterior proeess. The anterior one is shorter and twisted to
the outer side. The Se element is hindeodelliform.
The first P ( Pa?) element of Oulodus? sp. C has laterally
compressed and nearly to their apices fused denticles on its
anterior blade. The posterior proeess is laterally bowed and
aborally arched. Denticles on this proeess are discrete with U
shaped interspaces and twisted outwards. The basal cavity is
widely flared, aboral surfaces of proeesses are widely exca
vated or inverted. The Se element ( Fig. 5 G) is ligonodiniform,
and somewhat similar to that of Ligonodina elegans Walliser
1 964, sensu jeppsson 1 969. The asymmetrical Sb element is
represented by two forms . They are similar, but one of them
has a very strongly posteriorly expanded basal cavity beneath
the cusp ( Fig. 5 L) . The eus p itself is also strongly inclined .
The other Sb element has a less expanded basal cavity and its
cusp is straighter ( Fig. 5 M) . A gradual transition between

these different forms may be observed ( Fig. 5 L, H, M). The Sa
element ( Fig. 5 U ) has two bars which form a deep symmetri
cal arch. The basal cavity is strongly expanded under the
posteriorly inclined eus p and continues as a wide groove on the
aboral surfaces of the proeesses.
The uppermost Silurian formation on Severnaya Zemlya,
the Krasnaya Bukhta Formation, has a megafauna indicative
of Downton age ( Menner et al. 1 982 ) . The few samples from
this formation did not yield conodonts .

Summary and conclusions
This study is based on the examination of230 samples from the
Srednii and October Revolution I slands ofSevernaya Zemlya
that collectively yielded over 1 1 ,000 conodont elements .
Conodonts have been recovered from each of the formations
studied, except the uppermost Krasnaya Bukhta Formation .
Some units have been sampled in much more detail than
others, so additional collecting is needed . Future publications
will detail the taxonomy of the conodont faunas. On the basis
of the information recovered so far severai conclusions can be
made.
( I ) The lower part of the Vodopad Formation yields a
conodont fauna that may be assigned to the lcriodella discreta - l.
deflecta Assemblage Zone ( Llandovery B I-3, C I-2) of Britain
and Distomodus kentuckyensis Zone of North Ameriea.
(2) Conodonts from the Golomyannyi Formation suggest a
Telychian ( Llandovery Cs) age, based on the presenee of
lcriodella cf. inconstans.
( 3 ) Conodonts from the lower part of the Srednii Formation
are abundant and similar to those known from the late
Llandovery (Telychian C:r.6) and earliest Wenlock (Shein
woodian) elsewhere. The age of the upper part of the
formation, based on the presenee of Oulodus? sp. B and on the
megafauna, is probably Wenlock.
(4) The absenee of Pterospathodus celloni and P. amorpho
gnathoides, widespread in Europe, Ameriea and Asia, is
noteworthy .
(5) The lower part of the Samoilovich Formation is dated as
Wenlock by megafauna, but yields typical Llandovery cono
donts together with Oulodus? sp. B. The upper part of the
formation contains O;:arkodina conjluens and O. excavata, and the
megafauna indicates a Ludlow age.
(6) Conodonts from the Ustspokoinaya Formation do not
allow determination of its age. The megafauna indicates a
Ludlow age.
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Silurian conodont faunas from Gotland
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jeppsson, Lennart 1 983 1 2 1 5: Silurian conodont faunas from Gotland. Fossils and Strata, No. 1 5 .
pp. 1 2 1- 1 44. Oslo. ISSN 0300-949 1 . ISBN 82-000673 7-8.
The faunal sueeession of conodonts on Gotland is briefly deseribed, and some taxonomie
comments are presented. As presently known, the faunas are stratigraphieally important for
eorrelations with areas outside Gotland, at severaI leveIs. The Pterospathodus amorphognathoides
Zone oeeurs in the Lower Visby Beds, indieating that the base of the Wenloekian is within that
unit. Koekelella walliseri oeeurs, often together with Monograptus priodon and Rhipidium tenuistriatum
and other eharaeteristie fossils, in Slite unit f and other Slite units. These oeeurrenees are here
interpreted as representing a single horizon whieh is identifiable world-wide. A variety of K.
variabilis oeeurs in the Hemse Mari NW part and dates at least parts of that unit as Late?
Bringewoodian and earliest Early Leintwardinian [late? late Gorstian and earliest early early
(sid) Ludfordian] . The Polygnathoides silurieus Zone is dated as Late? Leintwardinian (late? early
Ludfordian) and traeed from the coast of the Nas peninsula in the southwest to the easternmost
O stergarn peninsula, improving loeal eorrelations. The zone thus includes parts of the Hemse
Mari S E part, whieh unit is identified in a wider area than earlier known, and parts of the Millklint
Limestone (uppermost Hemse limestone unit) . H. snajdri erispa appears in the lower Burgsvik
Beds and the oldest H. steinhomensis with alternating denticles yet found on Gotland oeeurs in the
Hamra unit b. In the Silurian type area in Britain sueh populations are on ly known from the latest
Whitcliffian ( late late Ludfordian) . D Conodonta, biostratigraphy, Silurian, Gotland.
Lennart Jeppsson, Department of Historieal Geolog} and Palaeontolog}, Solvegatan 13, S-223 62 Lund,
Sweden; 3rd November, 1982.

The early history of the stratigraphical research of Gotland
was described by H ede ( 1 92 1 ) . The 1 3 subdivisions (now
called Beds) introduced by him ( Hede 1 92 1 , 1 925 a) have
remained the s tratigraphic frame work us ed both in the
geological map descriptions and in most subsequent work,
even though many represent a long time interval. In most of
the map descriptions these Beds are further subdivided, but as
most of these units have lacked names or symbols, they have
been little used. Laufeld ( 1 9 74 a) extended the lettering of the
units begun by Hede, and that system is followed here. The
short remarks on the lithologic character of each uni t are taken
from Hede's map descriptions, from Hede ( 1 960) and from
Laufeld ( 1 974 a) . Hede's Beds and some of his minor units
were largely faunistic subdivisions ; thus many of the Beds
include the whole range of lithologies common on Gotland .
Hede ( 1 9 1 9, 1 942) based his correlations with other areas
chiefly on the sparse occurrences of graptolites in the least
calcareous parts ofsome of the Beds. Martinsson ( 1 96 7 ) , us ing
the ostracodes, improved correlations both within Gotland
and with areas outside the island .
SeveraI publications have dealt with, mentioned or illus
trated conodonts from Gotland (e.g., Lindstrom 1 964; Mar
tinsson 1 96 7 ; Fåhraeus 1 968; jeppsson 1 969, 1 972, 1 976,
1 9 79 a; Barnes et al. 1 9 7 3 ) , but few have discussed the faunas.
However, Fåhraeus ( 1 969) listed the faunas in 22 samples,
most of them producing less than 25 elements each. I have
earlier commented upon the Hemse and younger conodont
faunas ( 1 974) and described those in the Lower Visby, Upper
Visby and Hogklint Beds in Vattenfallet ( l 9 79 c) .
Recently (Holland 1 980) , a formal subdivision of the
Wenlockian and the Ludlovian has been decided upon. Each

series is now divided into two stages . Thus we have an
unambiguous base for the convenient terms early and late,
useful in the corresponding parts of the chronology. In the
Ludlovian a greater precision was potentially possible - and
partly achieved ( cf. Holland 1 980; Holland et al. 1 980) following the introduction of four stages with nine substages
( Holland et al. 1 963) . In order not to lose this greater precision
in correlations, l use also these older units .

Collections
This preliminary review is based on over 600 samples (about
3-6 kg each) , the maj ority of which was collected in the late
sixties and early seventies. ( Regarding localities, see appen
dix.) Thereafter collecting was largely postponed due to lack of
funds for extracting the conodont elements. Research grants
from the Swedish National Research Council during the latter
part of the seventies have now made it possible to dissolve 0.5
kg of each sample and another 0 . 5-4 kg of some of the richest
ones. Nearly all ofthem have produced at least some conodont
elements, and it seems pro bable that no unit is barren. Most of
the collections are small, and it is evident that from severai
stratigraphical units adequate faunas can be obtained only
from samples weighing tens of kilograms. One example of
what can be obtained from large sam pl es is the fauna from
Mollbos I . The first 0 . 5 kg dissolved yielded on ly 4 specimens,
and therefore nothing more was dissolved for some time.
However, the sample als o showed that the strata contained
silicified fossils . I have organized the study of such fossils on
Gotland and have been able to get 'unemployment grants' for
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the preparation of the samples, with the result that more than
700 kg have now been dissolved in acetic acid . One of the
samples from Mollbos l , G 7 7-28 ( 78 . 3 2 kg) , has been picked
for conodonts, and has produced about S 7 7 elements repre
senting an extremely well preserved conodont fauna, one of the
very best I have from Gotland . Many other important
conodont faunas deriving from that proj ect are mentioned in
the text. Their sample numbers are chosen so that they do not
duplicate those of my other samples. However, in the unab
breviated sample designation they are separated by the letters
PSSFG and LJ respectively. I have received many samples
and collections from Claes Bergman, Stig M. Bergstrom, Kent
Larsson, Sven Laufeld, Anders Martinsson, and Carl Pleij el.
The numbers ofthese samples are here followed by the initials
of the collector, but in the designation of my own samples I
have omitted LJ .

The beds on Gotland are not thermally affected, and thus
complete bar elements are much rarer there than they are in
many samples from slightly metamorphosed areas . In a few
samples the elements were not only fractured, but the pieces
were displaced before recrystallisation occurred, and thus the
elements look strongly malformed . Both kinds ofrecrystallisa
tion have been interpreted as evidence for the healing of
fractured elements by the animal . That this is not the case is
evident from the fact that they are related to locality and not to
taxa (J eppsson 1 976) .
As noted above, none of the collections from Gotland is
thermally affected . On the contrary, the light colour is so well
preserved that taxonomically important differences in colour
can be used in reconstructing apparatuses and in the routine
identification of fractured specimens. Perhaps collections of
this kind should be separated as a zero group in the scale of
conodont alteration indexes introduced by Epstein et al.

State ofpreservation. Many limestones on Gotland consist of
more or less wom skeIetal debris. The conodont elements, too,
are more or less wom in these limes tones . Where possible,
samples have been taken from lithologies in which the
elements should show the least wear, but not uncommonly the
only conodont remains found are a few rounded fragments of
mature, robust elements of the most robust speeies (usually
the sp elements of Hindeodella confluens and the H. steinhomensis
group) . Being translucent, they can, however, be identified on
intemal structures . Larger samples might possibly increase
the length of the species list, but the original relative frequen
eies of different speeies would remain unknown . The same is
true of the numbers of each element within an apparatus (if
only known from such localities) , and the distribution of
different age groups within a population .
In most samples the state of preservation is better, but
usually all the bar elements are in pieces and all denticles
broken except the blunt ones on sp and oz elements . This
might well have been ascribed to careless laboratory treat
ment, but now and then a sample treated in the same way as
the others, at the same time and by the same people, has
produced perfeet specimens . Thus, the inferior state of
preservation is a result ofbreakage during the formation of the
sediment or fracturing afterwards (see below) .
In many samples the elements are intemally fraetured,
often with many fractures per millimetre. In most elements
these fraetures are perpendicular to the den ticles and to the
process, respectively. That this fracturing has happened
during or after diagenesis is evident from the fact that very
often all the pieces oflarge or otherwise individually identifi
able specimens can be found in the same sample. Further,
many fraetures can often be seen in the recovered pieces. Thus,
the fraeturing was probably caused by strain in the beds.
In many samples the elements are recrystallised. The
surface of the elements has become irregular by overgrowth
and by corrosion. The denticles change shape and may even
show crystal facets . The white matter becomes less distinct. If
recrystallisation occurred after fracturing, the pieces are often
fus ed again, and thus more complete specimens may be
recovered . When thermally affected, the organic carbon in the
elements darkens (see Epstein et al. 1 9 7 7 ) , but any fusing
material lacks organic carbon and remains light (Jeppsson
1 976: 1 09) . Recrystallisation seems to be promoted by heating.

( 1 97 7 ) .
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However, the colour may als o be affected by other factors .
In darker beds the elements are often slightly darkened,
probably by very finely disseminated pyrite or by organic
matter. In red beds oxidization may bleach the elements and
disseminated haematite may stain them.
Less than one out of ten samples from Gotland produces a
rich and well preserved fauna. However, some samples
produce the very best collections possible.

Annotated list of conodont taxa reported here
from Gotland
Correct taxonomy and nomenclature of conodonts require
much more work per taxon than most other well-known
groups of fossils. As yet, on ly a few of the taxa recognized on
Gotland have been adequately studied . Therefore, some of the
names are used herein with less confidenee than others, and it
is certain that fu ture revision of the scope and nomenclature of
some of the taxa will have to be undertaken.
There are conflicting opinions, or none at all, regarding the
apparatuses of most of the Silurian conodont taxa with
platform elements. Therefore, presence ofthese taxa has be en
registered only on the occurrence of the platform element.
Except for Panderodus and Pseudooneotodus, taxa with only
simple cones have on ly been identified to the genus. Confident
identification of these to speeies level awaits maj or taxonomic
and nomenclatural revisions.
For most of the taxa I also outline their known distribution
on Gotland. In most cases, more details are given with the
descriptions of the faunas .

Apsidognathus walmsleyi Aldridge 1 974. Aldridge noted that also
elements identified as from A mbalodus galerus may belong here,
and that receives some support from my collections. Lower
Visby Beds.
Aulacognathus bullatus ( Nicoll & Rexroad [ 1 969] ) . Lowermost?
Lower Visby Beds .
Belodella. A recent discussion was given by Barrick 1 97 7 . At
least from low levels in the Hemse Beds into the Hamra Beds.
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'Camiodus'. Walliser ( 1 964) assigned many different small
elements to Camiodus while he incorporated others that
showed broad similarities in Neoprioniodus and Roundya. Some
of these have been in terpreted as eie men ts ofPterospathodus (see
Jeppsson 1 979 c) , while others may belong to Hadrognathus and
Apsidognathus. Pending their proper identification, those not
shown to belong to Pterospathodus are here referred to 'Car
niodus '. Lower Visby Beds.
Dapsilodus Cooper 1 976. This genus was diseussed by Barrick
( 1 97 7 ) . Slite to Hamra Beds, inclusive.
Decoriconus Cooper 1 975. This genus was diseussed by Barrick
( 1 977) . There seem to be at least two speeies on Gotland.
Lower Visby Beds to Eke Beds, inclusive.
Distomodus dubius ( Rhodes 1 95 3 ) , sensuJeppsson 1 9 7 2 . Upper
Hemse Beds and Hamra Beds.
Distomodus kentuckyensis Branson & Branson 1 947, sensu
Klapper & Murphy 1 975. Lower and Upper Visby Beds .
Hadrognathus staurognathoides Walliser 1 964, sensu Walliser
1 964. Lower Visby Beds and lower part of Upper Visby Beds
( redeposited in the latter unit?) .
Hindeodella confluens (Branson & Mehl 1 93 3 ) , sensu J eppsson
1 969. Hogklint to Sundre Beds, inclusive.
Hindeodella excavata (Branson & Mehl 1 933) , sensu Jeppsson
1 969. Lower Vis by to Sundre Beds, inclusive.
Hindeodella gulletensis (Aldridge 1 972) , sensu Jeppsson 1 979 c.
Hogklint Beds, unit a, to lower Slite Beds, inclusive.
Hindeodella polinclinata (Nicoll & Rexroad [ 1 969] ) , sensu
Cooper 1 9 7 7 . One of many synonymous names is Spatho
gnathodus tauchionensis Saladzius, 1 975. Aldridge ( 1 979) discus
sed this taxon and the differences between its elements and
those of some related taxa. There seem to be minor differences
between collections from different areas (Aldridge 1 979) ;
however, I think that those from Gotland do belong in this
speeies . Lower Visby Beds .
Hindeodella sagitta rhenana (Walliser 1 964) , sensu Aldridge
1 975a. Hogklint to lower part of Slite Beds, inclusive.
'Ozarkodina serrata ' Helfrich 1 975? In the Klintberg c beds at
Botvaldevik l in sample G 75-36 there is a very large,
complete, strange oz element. As the element is unique, it is
difficult to exclude the possibility that it is a strongly
malforrned gerontic speeimen of H. confluens. However, it is
close to what Helfrich ( 1 97 5 : appendix 1 : 32) described as
Ozarkodina serrata . That name is probably aj unior homonym to
Astacoderma serratum Harley 1 86 1 . The latter name has not been
published in any combination with the generic name Ozar
kodina, but it has been shown to be a senior unused synonym to
H. confluens, often placed in Ozarkodina (cf. Rhodes 1 953;
Jeppsson 1 969, 1 974; Klapper & Philip 1 97 1 ; ICZN article
5 7 ) . In some of my other samples from the Klinteberg Beds
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there are wom fragmentary speeimens of possible elements of
the same speeies . These do not deviate as much from H.
confluens as the single oz element. In the Klinteberg a beds at
Hallinge 2 in sample G 7 1 -94 there is a very large tr element
that at present cannot be placed in an apparatus. It somewhat
resembles 'Trichonodella ' sp. A ofUyeno ( 1 980, Pl. 1 0 : 1 7) . It is
possible that all these Klinteberg speeimens represent the
same taxon, and that it is the same as Helfrich's. Whether it is
distinet from H. confluens at the speeies or subspecies level is
unclear. Klinteberg Beds. Fig. I F.
Hindeodella snajdri (Walliser 1 964) . The apparatus-based
concept of this taxon and its subdivision in subspecies in the
late Ludlovian will be described by Schonlaub et al. Another
subspecies occurs on Gotland in the late Wenlockian. I ts
relationship to H. snajdri s. str. is evident: the fusing of the cusp
and adj acent denticles of the sp element to an edge very early in
on toge ny strongly differs from the gerontic s moothing out of
details seen in other taxa of Hindeodella. AIso, the rest of the
apparatus is so similar to the late Ludlovian representatives
that the late Wenlockian taxon clearly should be separated at a
subspecific level only. Uppermost Slite Beds to Sundre Beds,
inclusive.
Hindeodella steinhomensis ( Ziegler 1 956) . For a discussion, see
Jeppsson ( 1 9 74) . The lineage can now be traced from H.
gulletensis via seattered speeimens in the late Wenlockian and
early Ludlovian to more regularly occurring populations in
the late Ludlovian.
Hindeodella wimani Jeppsson [ 1 975] . Two subspecies are
known Geppsson 1 974) . Burgsvik and Hamra Beds .
Hindeodella sp. m. This taxon is probably closely related to H.
confluens. Characteristic is the fact that only the co re of the cusp
is transforrned into white matter. The bases of the denticles are
similarly construeted . Klinteberg and Hemse Beds .
Johnognathus huddlei Mashkova 1 97 7 . Lower Visby Beds .
Kockelella absidata Barrick & Klapper 1 976. This is the third
generic and second specific name on Walliser's ( 1 964) 'fun
damentata '. The speeies is very variable. Thus, speeimens from
the Mulde and Klinteberg Beds at Loggarve l (see p. 1 3 2)
differ in having fewer denticles .
In the Hemse Marl NW part at Kullands I in sample G 7738 PSSFG there are four speeimens of the sp element of what
obviously is a well defined, dis tinet population. These have a
denticle on the inner basal cavity lip. Similar speeimens have
also been found at Gerumskanalen l in sample G 77-37
PSSFG, at Gardsby I in sample G 82-27, and at Lilla
Hallvards I in sample G 7 1 - 1 43 . Walliser ( 1 964) included
similar specimens in what is now known as K. absidata. On the
other hand Barrick & Klapper ( 1 976) described the sp
element of K. stauros as having one to two proeesses, the inner
one with one to two denticles. However, at present I consider
my speeimens to be a variety of K. absidata, which is a very
variable taxon ( Walliser 1 964, Pl. 23) . The variation is evident
also in my few speeimens from Gotland, but at present it is
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Fig. 1. OA-E . Polygnathoides siluricus Branson & Mehl 1 933 sensu

novum. Sample G 7 1 - 1 48 from Vaktård 3. The sp and hi elements are
from individuals that were rather young, the ne element from one that
was slightly older and the oz and pl elements fromj uvenile individuals.
No tr element is illustrated . X 40. DA. An sp element. The two
anteriormost denticles are broken away. LO 5590. D B . An oz element.
LO 559 1 . De. An ne element. The tips of both proeesses are broken
away. The basal filling below the long proeess is preserved . LO 5592.
OD. A hi element. Focus is on the lateral proeess in the left,
incomplete, picture. That proeess is straight and about as long as the
posterior one. The latter is deflected slightly outwards. LO 5593. DE.
A pl element. LO 5594. O F . O<.arkodinaserrata? A very large oz element.

difficult to use it in stratigraphy, as the outline changes
strongly during ontogeny, and thus growth series must be
illustrated; the white matter distribution is also crucial,
particularly in mature specimens. The variety from Kullands
l and Gerumskanalen l is closest to Walliser' s ( 1 964, Pl. 23)
specimens from the middle part of his A . ploeckensis Zone.
Regarding the other elements of the apparatus, my collections
seem to confirm the reconstruction ofBarrick & Klapper 1 9 76,
although non-sp elements very similar to those that occur with
sp elements of K. absidata have a much wider distribution on
Gotland than the sp elements . I als o note that Barrick &
Klapper ( 1 976) referred 55 non-sp elements to K. stauros at
their locality Ca 2, but only one sp element. Here I therefore
identify non-sp elements occurring without sp elements as
KockeleUa? sp. Slite Beds to Hemse Beds, inclusive.
KockeleUa? ranuliformis (Walliser 1 964) . The species is here
identified on the sp element only. Upper part of the Lower
Vis by Beds to the H6gklint Beds, inclusive.
KockeleUa variabilis Walliser 1 95 7 , sensu Barrick & Klapper
1 976. The species has been listed as present on ly if the sp
element was found. Lower Hemse Beds .
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Note that the posterior proeess is malforrned with an extra lateral
proeess. x 32 . Sample G 75-36 from Botvaldevik I . LO 5595. OG-J .
Gen. e t s p . indet. OG. A 3 .08 mm long oz element. X 1 8 . Sample E S
1 3 7, collected a t Millklint I b y Anders Martinsson who described it as
a 'thickly bedded limestone with strophomenaceans and Atrypa' . LO
5596. OH. A hi element. Note that the denticles of the posterior
proeess point in different directions . x 40. Sample ES 202 collected by
Anders Martinsson at Gogs I . LO 5597. D I . A tr? element. X 40.
Sample ES 202 (A. M . ) . LO 5598. OJ. An unidentified 1 .85 mm long
element. The basal filling is preserved. I have not been able to identify
the cusp in this element. x 43 . Sample G 67-54 from Gogs I . LO 5599.

KockeleUa waUiseri (Helfrich 1 975) . The variation in its plat
form element is large and my samples (like Viira's) include
both narrow forms of the kind on 'which Helfrich ( 1 975) based
the name Spathognathodus waUiseri and broad forms of the kind
on which Viira ( 1 975) based the name Spathognathodus corpulen
tus. The two names are here considered synonymous. It seems
that Viira's description was published on 1 975 08 I S but
Helfrich's on 1 9 75 06 09 (personal communication from
Richard Aldridge, who has corresponded with the author and
publisher, respectively, in the matter) . Thus walliseri has
priori ty . Another aspect that has to be considered is that
Helfrich's description was given on microfiche which was not
accepted as a publication by the C ode in force in 1 975
( compare Cooper 1 980) , but it seems probable that his names
will be validated. Pending the outcome of this question, I will
use the oldest name. Barrick & Klapper ( 1 9 76) transferred 'S.
waUiseri ' to KockeleUa and that seems to be well founded .
A collection of seven fairly small elements from the Slite d
beds at Stora Myre I is intermediate between K. ? ranuliformis
and typical K. walliseri regarding the lateral process . Thus
some sp elements lack a lateral process altogether, whereas a
few have a process with up to a couple of denticles . The
difference may depend on the elements being j uvenile. The
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speeies has been listed as present on ly if the sp element was
found. Slite Beds .
Kockilella sp. a. I illustrated a large ne element of this taxon in
1 974 ( Pl. 1 2 :5) . I t is dosely similar to that of K. absidata, and I
refer to it as Kockelella sp. a. I have now found four such
elements from four localities on Gotland but identified only
one, poorly preserved, possible sp element. Upper Hemse
Beds.
Kockelella? sp. See K. absidata above. Upper Hemse Beds .
Ligonodina confluens Jeppsson 1 9 7 2 . Only those speeimens
originally referred to L. c. confluens are induded here. Hogklint
c to Sundre Beds, indusive.
Ligonodina aff. confluens. Described and illustrated in Jeppsson
1 972 as L. confluens n. ssp .. Hemse Beds.
Ligonodina elegans Walliser 1 964, sensu Jeppsson 1 969. Hamra
and Sundre Beds .
Lignodina excavata ( Branson & Mehl 1 93 3 ) , sensu Jeppsson
1 972.
Ligondina excavata novoexcavata Jeppsson 1 972. Burgsvik to
Sundre Beds, indusive.
L. confluens, L. aff. confluens and L. elegans can easily be
separated, as is the case with typical L. excavata in the
Ludlovian. Apart from the frequent occurrence of more or less
fragmentary stray speeimens that cannot be positively iden
tified as yet, there are also some other distinet populations.
There are also problems in separating Ligonodina from some of
the elements found in apparatuses with platforms. With these
reservations, the following two taxa may be delimited:
Ligonodina silurica Branson & Mehl 1 93 3 ? The elements have
dosely similar colour to those of H. excavata and L. excavata.
Rexroad & Craig's ( 1 9 7 1 ) description of the hi element
s tresses the distinguishing characters . The ne element was
illustrated by them ( PI 80: 1 1 ) and described as ?Neoprioniodus
latidentatus. These two elements are those that are the easiest to
identify, while the other elements do not differ so much from
those of L. excavata. An evolutionary divergence is evident, as
s tratigraphically older populations are less dis tinet. However,
the lineage can easily be followed down into the middle
Wenlockian, but with regard to older populations, I have to
reserve j udgement on whether they belong here or to L.
excavata. Into Hemse Beds .
Ligonodina sp. d is best known in the Hemse Mari SE part. The
elements are brownish like those ofH. confluens. The ne element
is dose to those of Kockelella in general shape. Thus, the cross
section of the cusp is compressed and edged. The cusp, but not
the rest of the element, resembles that of the corresponding
element of L. elegans. The other elements exhibit some
similarities in the direction of the proeesses to the correspond
ing elements of L. elegans. For example, the antero-lateral
proeess of the hi element is directed obliquely back and down,
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but less so than in L. elegans. However, all the elements of
Ligonodina sp. d are much more robust, and the robust
denticulation is quite distinctive.
'Ozarkodina serrata ' see Hindeodella above.
' Ozarkodina sp. nov . ' of Aldridge et al. 1 982. Halla Beds to
Hemse Beds, indusive.
Panderodus. I hope to complete a monograph on this genus
during 1 984. There are seven or eight speeies on Gotland,
subdivisible into about ten subspecies . Each taxon has eight to
ten kinds of elements, induding two short, recurved ones (ne
and tr elements) . Pending completion of the necessary type
studies six of these taxa are here called:
Panderodus equicostatus (Rhodes 1 953) . The elements consist
largely of a base with a very short cusp . U pper Visby Beds to
Sundre Beds, indusive.
Panderodus gracilis (Branson & Mehl 1 933) . Pending a second
study of the type, I am slightly unsure of applying this name
but use it here because my taxon is dose to one of the speeies
that occurs in the type formation . In the Silurian subspecies
the base is much shorter than the cusp. Upper Hemse Beds.
Panderodus langkawiensis ( I go & Koike 1 967) . (This name has
priori ty over the name P. spasovi. ) Lower Visby Beds .
Panderodus recurvatus (Rhodes 1 953) . There is a strong indica
tion that the name will have to be replaced by an older
synonym. One older and one younger subspecies occur on
Gotland . Lower Visby Beds to Hemse Beds, indusive.
Panderodus unicostatus (Branson & Mehl 1 93 3 ) . Two or three
consecutive subspecies occur on Gotland . The eus p in the
elements of this speeies is slightly shorter than the base. Often
one of the elements is serrated (P. serratus is a younger
synonym) . Lower Visby Beds to Sundre Beds, indusive.
Panderodus sp. g. Two very different subspecies are presently
induded here. The eus p is longer than the base, and the
elements may grow very robust. Some existing names may be
applicable to this taxon, but I am not sure enough to use any of
them here. Lower Visby to Hemse Beds, inclusive.
Pedavis thorsteinssoni Uyeno [ 1 98 1 ] ? Eke Beds.
Pelekysgnathus dubiusJeppsson 1 97 2 . The specimens from the P.
siluricus Zone on Gotland usually differ from those illustrated
from Skåne (Jeppsson 1 972) , with the eus p being much larger
than the single dentide. Broken and wom elements are thus
difficult to separate from the ne element of D. dubius. Upper
Hemse Beds .
Polygnathoides siluricus Branson & Mehl 1 933 (an improved
concept is now possible, see Fig. I A-E) . Upper Hemse Beds .
Pseudooneotodus. In the lowermost beds some elements are
three-tipped but most are one-tipped . As yet it is impossible to
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say if both kinds of elements derive from the same taxon.
Distinetly two-tipped elements occur together with one
tipped as soon as the three-tipped have disappeared, and then
the distinctness of the two tips gradually decreases during the
Wenlockian. In some cases I use the names:
Pseudooneotodus tricornis Drygant 1 9 74. Lower Visby Beds .
Pseudooneotodus beckmanni ( Bischoff & Sannemann 1 958) .
Lower Visby Beds to Hamra Beds, inclusive.
Pseudooneotodus beckmanni bicornis Drygant 1 974, sensuJeppsson
1 9 79 c. U pper part of the Lower Vis by Beds to Hogklint Beds,
inclusive.
Pterospathodus amorphognathoides Walliser 1 964. The complete
apparatus includes six or seven elements . Lower Visby Beds.
Pterospathodus pennatus procerus (Walliser 1 964) , for a discussion,
see Jeppsson 1 9 79c. Lower and Upper Visby Beds.
Walliserodus. The genus has recently been discussed by Barrick
( 1 97 7 ) . There are at least six kinds of elements in the
apparatus . Lower Vis by Beds to Slite Beds, inclusive, ques
tionably in the Hamra Beds.

Gen . et sp. indet. In the Upper Hemse Beds two kinds of
undescribed elements occur: a large sp element and large
rough elements with up to three rows ofdenticles with rounded
cross sections. A connection between these two kinds of
elements is possible. Fig. I G-J .

Biostratigraphy
The Lower Visby Beds
The Lower Visby Beds crop out intermittently in a strip, about
55 km long, along the NW coast. The largest known exposed
thickness above sea level is about 1 2 m. The beds consist of
maris tone and high ly argillaceous limes tone. There is a
gradual increase in the con tent of carbonate upwards through
the unit which continues in the following Upper Visby Beds.
The base of the Upper Vis by Beds is drawn solely on the faunal
change (but see below) .
Except in the uppermost beds (see below) , the conodont
fauna seems to be uniform and is much more diverse than those
of the rest of the sequence on Gotland . The total num ber of
species cannot be given as yet, as there are many elements
which have not been combined into reconstructed apparat
uses . However, it is well above 20 and may even be above 30. It
is also characteristic that most of the lineages which are more
or less ubiquitous in younger faunas are rare or absent. Thus,
Hindeodella confluens, the H. steinhornensis group and Panderodus
equicostatus are absent, and H. excavata is rare. Belodella and
Dapsilodus are also absent.
Most abundant are Pterospathodus amorphognathoides, Hin
deodella polinclinata, Panderodus unicostatus, and 'Carniodus '.
Other regular constituents are Panderodus sp. g. ssp. v., P.
recurvatus, P. langkawiensis, Walliserodus, Decoriconus, Pseudo
oneotodus (one-tipped elements dominate, but three-tipped
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also occur) , and Distomodus. Ofslightly less regular occurrence
are Apsidognathus walmsleyi, Hadrognathus staurognathoides,
Johnognathus huddlei, Ligonodina excavata, and a number of other
species of Hindeodella and Ligonodina. the rarest taxon identi
fied as yet is A ulacognat�us bullatus (one good specimen) . This
taxon occurs at a locality which appears to represent the
lowermost part of the Lower Visby Beds . Another rare taxon
which may be restricted to that part is the ostracode Barymeto
pon infantile Martinsson 1 964.
P. amorphognathoides is regularly present in collections from
the part of the Lower Visby Beds here discussed; therefore the
upper boundary for the P. amorphognathoides Zone is here drawn
immediately above the last proven occurrence ofthat taxon. In
Britain, at the type locality for the base of the Wenlockian, P.
amorphognathoides occurs both in the uppermost Llandoverian
and in the basal Wenlockian, as do all forms considered
characteristic of the P. amorphognathoides Zone (Aldridge
1 975b:6 1 3 ) . There, the faunal change concurs with a lithologi
cal change from fine blue grey mudstone to calcareous
siltstone (Aldridge 1 975 b) . Thus the P. amorphognathoides
Biochron may well range still higher there (Aldridge 1 975 bl .
On Gotland there is no described lithologic change between
the Lower and Upper Visby Beds, only the faunistic one (cf.
Martinsson 1 96 7 : 359) . However, the two units weather
differently; the Lower Visby Beds produce a sticky clay which
is not easily washed away from the section, while the clay in the
Upper Visby Beds weathers to dust. In any event, the P.
amorphognathoides Range-Zone does extend into the Wenloc
kian and that is an indication that the base of the Wenlockian is
at least a couple of metres down in the Lower Vis by Beds. A
very large change in the conodont faunas seems to occur
worldwide at or close to the end of the P. amorphognathoides
Biochron. The details of the changes on Gotland will be
diseussed separately .
The top part of the Lower Visby Beds. By defini tion, the top of the
Lower Visby Beds is to be drawn at the abrupt faunal change.
However, in practice it has often been drawn lower at many
localities ( Martinsson 1 96 7 : 358) . Thus, the beds at Nygårds
biickprofilen 1 was by Hedstrom ( 1 9 1 0) referred to the unit
which now is called Upper Visby Beds, but Hede ( 1 940)
identified 2 . 5 m of Lower Visby Beds there. Neither of them
found Lower Visby Beds at Vattenfallet from where they were
reported by Jaanusson ( 1 979) . Similarly, at Ronnklint I
Hedstrom ( 1 9 1 0) reported that the Lower Visby Beds reach
about 9 m above sea level and Hede ( 1 940) gave 8 m, but
Jaanusson (oral information 1 9 8 1 08 24) draws the boundary
some metres higher up. Samples from the top 2 to 3 m of the
Lower Visby Beds lack one or more of Pterospathodus amorpho
gnathoides, Pseudooneotodus tricornis and H. polinclinata but have
instead one or more of Pterospathodus pennatus procerus and
Pseudooneotodus beckmanni bicornis. The res t of the conodon t
fauna consists both ofsome surviving taxa from the older fauna
and some new ones that continue in the Upper Visby Beds, like
Kockelella? ranuliformis. Collections now available have both a
much lower frequency and much lower diversity than older
ones . The low conodont frequency seems to indicate a rapid
rate of sedimentation and, thus, the interval between the P.
amorphognathoides Zone and the Upper Visby Beds was very
short. The change in frequency makes it difficult to establish
-
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the upper range especially of the many rare taxa present in
older parts of the Lower Visby Beds. This problem is further
complicated by reworking, but reworked specimens usually
can be distinguished by their darker colour, especially of the
basal filling and adj acent parts .
The fauna described previously from the Lower Visby Beds
at Vattenfallet (Jeppsson 1 979 c) belongs here and not to the P.
amorphognathoides Zone. To that list can now be added that
three species of Panderodus have been identified in both
samples, P. equicostatus, P. unicostatus and P. langkawiensis.

The Upper Visby Beds
The early Wenlockian Upper Visby Beds crop out in the
coastal eliffs along the NW coast for about 60 km. They consist
ofbetween some and 16 m ofmaris tone, argillaceous limes tone
and tabulate-dominated mounds .
I have earlier described the Upper Visby conodont faunas
in the Vattenfallet section (Jeppsson 1 979 c) . To that descrip
tion can now be added that Panderodus sp. a is P. equicostatus, P.
sp. b is P. unicostatus, a taxon which also occurs in sample G 7022, and questionably also in most other samples from this unit,
and that 'gen. et sp. indet. ' is Hadrognathus (as yet it cannot be
exeluded that the two speeimens may be reworked) . Also, in
Fig. 70, re ad H. gulletensis for H. s. aff. scaniea and H. aff.
corifluens for H. aff. gulletensis. My collections from other
localities do not differ significantly from those from Vatten
fallet.

The Hogklint Beds
The early Wenlockian Hogklint Beds crop out in an area about
80 km long by I km wide along the coast in the northwest. They
consist of between less than 20 m and 35 m of bioherms and
other kinds of limestones. The Beds are subdivided into four
lettered units .
I have earlier (Jeppsson 1 979 c) described the sequence of
conodont faunas through the Hogklint Beds in the Vattenfal
let section. To that description can be added that the species
identified as Panderodus sp. a is P. equicostatus. Regarding
corrections in 1 979c, Fig. 70, see above. Two of the conodont
taxa found there - H. sagitta and K. ? ranuliformis - have been
used as zonal fossils (Walliser 1 964; Barrick & Klapper 1 976,
respectively) . In Vattenfallet K.? ranuliformis is not known
above unit b, but that may weU be due to the rarity of the taxon
and the small samples available from the now inaccessible
upper part of the section. H. sagitta rhenana occurs only in the
upper part ofunit c and in unit d. H. s. rhenana further occurs in
the Hogklint c at Galgberget l .
I n the area around the bay Kappelshamnsviken H. s. rhenana
occurs in the Hogklint b at Nymånetorp I in sample G 8 1 -65
from 0.05-0. 1 3 m above the reference level, and - together
with K. ? ranuliformis - in the Hogklint b at Svarven I in sample
ES 1 7 7 (A. M . ) and in Hogklint c in sample G 78-3 CB from
0.30 m above the reference level. A few speeimens of K. ?
ranuliformis also occur in samples ES 1 1 3 (A. M . ) and ES 1 78
(A. M . ) from the same unit and locality. Both taxa occur at
Vastos Klint I in sample G 77-34 PSSFG.
On Fåro, H. s. rhenana occurs in the lower-middle Hogklint
Beds at Lautershornsvik 2 in sample G 73-73, in the slightly
younger (Hede 1 936: 1 4) Hogklint Beds at Lautershornsvik 3
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i n sample G 73-72, and, together with K. ? ranuliformis, i n the
same unit at Aursviken I in sample G 77 -25 C B . K.? ranuliformis
occurs also in sample G 7 7-26 CB from Langhammarsham
mar I .
The incoming of H. s. rhenana may be stratigraphically
useful in a small area like Gotland, especially as the strike of the
beds is elose to an original depth contour (regarding larger
regions, see Jeppsson 1 979 c) . If so, it would indicate that the
'pre-H. s. rhenana' part of the Hogklint Beds thins out NE of
Lickershamn and that the Hogklint b lithology persists longer
there. Alternatively the appearance of H. s. rhenana is progres
sively younger in the southwest direction. The only other
significant event in the faunas is the appearance of H. confluens
which occurs in the Hogklint b at Svarven I , in sample ES 1 78
(A. M . ) .

The Tofta Beds
The early Wenlockian Tofta Beds crop out in an area about 12 km wide and 50 km long. They chiefly consist of limestones
rich in Spongiostroma and stromatoporoids . The Beds are up to 8
m thick but thin out to the NE and probably also to the SW.
The conodont faunas at hand from the Tofta Beds are few
and small, but the diversity se ems not to be extremely low.
At Vale I in sample G 7 7- 1 4 H. confluens morphotype y
occurs; the elements are small but not j uvenile. That mor
photype was earlier only reported from Ludlovian and
younger beds. There are further some fragmentary speeimens
that resemble those from the Hogklint d, which I ( 1 979c) have
identified as resembling morphotype E of H. confluens. The
fauna also contains Ligonodina sp.
At Klockaremyr I in sample G 7 1 -73, H. sagitta rhenana
occurs together with H. cf. corifluens.

The lower parts of the Slite Beds
The outerops of the Wenlockian Slite Beds form an area up to
20 km wide and about 1 1 5 km long. Limestones occupy the
northwestern part, except in the extreme southwest, and occur
also in outliers across the belt in the northeastern half of the
area. MarIstone forms a belt widest in the soutwest and
narrowing in NE direction. However, mari is known all the
way up to easternmost Fåro.
The lower part of the Slite limes tones is divided into 5
lettered units , of these a, b and d occur only locaUy . Together
the five units are up to 20 m thick in the SW and up to 10 m on
Fåro (Hede 1 936) . Only in the extreme southwest are marly
equivalents of these limes tones known .
All conodont faunas extracted to date are small, and very
little can yet be said about these beds ( three faunas will be
diseussed together with the Slite f) . Some of the small
collections now at hand do not differ much from a Hogklint
fauna, e.g., a collection from the Slite unit b beds at Kluvstaj n I
(sample G 73- 1 6) ineludes H. gulletensis, H. excavata and P.
equicostatus. In a fauna from the Slite d beds at Martille 7
(sample G 73- 1 8) H. sagitta rhenana occurs together with H.
confluens, Ligonodina, P. equicostatus and P. sp.
Other collections are more like those from younger beds;
thus, sample G 79-206 from the Slite c beds at Hallagrund I ,
0.05-0. 1 0 m above the contact to the Hogklint Beds, contains
H. excavata, H. confluens, P. equicostatus, and P. unicostatus.
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Slite J and contemporaneous beds
The Slite f ( Laufeld 1 974 a) is a distinct unit consisting ofup to
2 m of fine-grained argiUaceous limestone, in places interca
lated with thin layers of maris tone (Hede 1 960; Laufeld
1 974 a) . The unit has also been caUed the Rhipidium tenui
striatum beds after the pentamerid that in places is abundant in
the unit. It is known both in the southwest where the outcrops
form a narrow strip ending about 1 .8 km ESE of Vasterhejde
church ( Hede 1 940) , and in the northeast, in southwestern
Fåra ( Hede 1 936, 1 960) and adj acent parts of the main
Gotland (Hede 1 933:52) . Probably this kind of sediments,
forrned on Gotland only during a short interval of time, was
laid down only in a narrow belt, while Slite Mari was deposited
southeast ofit and different limestones northwest ofit. For over
50 km along the strike of the beds, on ly such lithologies crop
out, and time-stratigraphic equivalents have to be identified
us ing fossils . This remains to be done, except for Hede's
( 1 933 :43) report of R. tenuistriatum? from the Klinthagen area.
Another characteristic fossil for this unit is Monograptus
priodon (see Hede 1 927 a:28) . This taxon has a much more
wide-spread occurrence on Gotland than R. tenuistriatum. In
the southwest, it thus occurs, e.g., also in the limes tones at
HaUbro Slott 6 (Hede 1 942 Ioc. 1 9 , 20) west of the strip with R.
tenuistriatum, and in the Slite Mari east of it. Considering the
slight general dip of the strata in the area and the topographi
cal levels of these localities , they may weU be outliers and the
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on Gotland. The diagram shows two of the dimensions of the beds,
time and place, when proj ected onto a N 45°E plane i.e. a plane
approximately parallel to the strike.
The SW-NE co-ordinates used for a locality are easily derived by
adding its S-N and its W-E UTM co-ordinates, in the CJ area. In the
CK area (i.e. northern Gotland) 1 00 must be added and on
easternmost Fåra, 200. Localities on Stora Karlsa have to be
measured. These co-ordinate lines are shown on the large inset map.
In order to facilitate identification of the SW-NE co-ordinates for the
marked localities, and to aid the addition ofother localities, most of the
vertical lines in the pattern designating limes tone areas are placed at
40, 50, 60, and so on, and at 45, 55, 65, and so on. Other co-ordinate
systems can, of course, be used equally easily, and NW-SE diagrams
for selected areas can be constructed in a similar way.
The age (time coordinate) is still rather uncertain for most
localities, as it is based on conodonts only. Therefore, all iocalities in
the same unit are placed on the same horizontal line if there is no
evidence of different ages .
Where the dip of the beds is normal and the topographic effects are
negligible the diagram is easy to construct and to interpret. In other
intervals, different lithologies and units may be superimposed on each
other. This is the case with the Slite Marl, which occurs SE of the
limestones, and with the Slite f which occurs southeast of some of the
other Slite limes tones, chiefly basal Slite g. Similarly, the Mulde Beds
are superimposed on the Halla Beds of Lilla Karlsa. The diagram of
the upper part of the Hemse Beds is as complicated as the Slite Beds.
The outline of the figure is strongly simplified and also wider than
the exact boundaries in order to avoid interference with the symbols
for shore localities and other marginal localities .
The names of the different Beds are given adj acent to the figure, as
are the letters of many of the subunits. The narrow stratigraphic
column to the right on this side facilitates the identification of the
others .
Most of the sampled localities are marked, but names are included
only for those mentioned in the text. Some of the names are
abbreviated, but these may be identified using the locality list.
The distribution of selected taxa is given, both as range lines and
with marks directly on the locality symbol.
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continuation, respectively, of this same horizon . M. priodon
also occurs at Klinthagen, at least 9 m below the unit with R.
tenuistriatum? (Hede 1 933 :43) . In the northeast, in the areas of
the Slite g expansion, M. priodon also occurs in the Slite MarI .
Small conodont faunas have been extracted from some
localities with Slite f and contemporaneous beds. A typical
fauna is that from the R. tenuistriatum beds in the shallow quarry
Oivide I , sample G 79-44 from 0.5 m below top. Stratigraphi
cally most important is K. walliseri. In addition the fauna
includes a few specimens of each of Hindeodella excavata, H.
conjluens, Pseudooneotodus beckmanni, Panderodus equicostatus, and
Ligonodina excavata? Sample ES 1 58 (A. M . ) from the same
locality has produced no K. walliseri, but instead two speci
mens of Dapsilodus,a genus known on ly from a few scattered
localities on Gotland.
K. walliseri further occurs in the R. tenuistriatum beds (Slite f)
at Sojvide I , in sample G 8 1 -58, and at Si on I , in sample G 72-3.
At Hallbro Slott 6, K. walliseri occurs in sample G 73- 1 2,
2.45-2.55 m below the 'Leperditia-shale' described by Hed
stram ( 1 9 1 0 ) . Three other samples from higher levels in the 5
m section failed to produce this taxon. Hede ( 1 942) reported
Monograptus priodon from 5-5 .5 m above the 2 m thick
'Leperditia-shale' at a nearby locality. The lettered units have
not been extended to this area, e.g., even Hede ( 1 942) used
Hedstram's terminology. However, Hede's ( 1 940) lithologi
cal descriptions, which are the base for the lettered units, are so
similar to Hedstram's ( 1 9 1 0) descriptions that it is fairly safe
to conclude that the 'Leperditia-shale' is Slite e and the beds
below it, Slite c (Slite d is missing here, Hede 1 940:49, line I l ) .
Hede ( 1 940, 1 960) did not extend the lettering above e ( that
was done by Laufeld 1 9 74a) and he described the R. tenui
striatum beds only as the lower part of' the next unit'. However,
the lithologic character of the beds above the 'Leperditia-shale'
are those of Slite g. Thus, K. walliseri is found here 4.45-4.55 m
below the base of Slite g, in the Slite c.
Further to the NE in the area where no R. tenuistriatum Beds
are known, K. walliseri has also been found in the unit c beds at
Katrinelund l in sample G 69-32 from about I m below the
uppermost exposed beds. The species probably occurs in the
Slite d beds at Stora Myre I (see p . 1 24) .
South of the large bay Kappelshamnsviken, K. walliseri has
been found in the lower part of Slite g, both at Simunds I in
sample G 8 1 -68 and at Klinthagen 2 in sample G 73- 1 . I have
not been able to identify the section with both R. tenuistriatum
and M. priodon described by Hede ( 1 933 :45) from the Klintha
gen area as there are many quarries 1 .8 km E of Stora Banne.
However, his section was also from the lower part of Slite g.
In the quarry Slitebrottet 2 K. walliseri occurs in sample G
73-50 from about 36 to 36.5 m below sea level and in sample G
73-49 from 2.0 m above G 73-50. Dr. HermannJaeger has to Id
me that in 1 960 he found M. priodon in Slite brottet I , from
about I m above the floor, that is about 2.5 m above my sample
G 73-49.
On Fåra K. walliseri occurs in the R. tenuistriatum beds at
Lansa 2 in sample G 73-70, and at Båta 1 in sample G 7 7-27
CB. It also occurs about l m below the upper boundary ( Hede
1 960: 7 1 ) of the Slite Mari at Haganas I , in sample G 69- 1 0 .
From the same 1 .0 m thick unit o fSlite Mari, Hede ( 1 942, Loc.
35; 1 960, Loc. 25) reported M. priodon. At this locality the Slite
Mari is overIain by Slite g. Three other samples from higher
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beds - including one from the bedj ust above that from which G
69- 1 0 was taken - failed to produce K. walliseri.
The absolute conodont frequencies at these localities
indicate that the rate ofsedimentation was very different; 1 0 m
at Hallbro Slott 6 and at Klinthagen 1 may correspond to only
a few decimetres or less at Haganas 1 and a few metres at
Slitebrottet 2 (J eppsson, in preparation) . Thus, the sediments
here discussed at the three former localities correspond to a
comparable length of time.
Correlations within Gotland. - On Gotland K. walliseri occurs in
all varied common lithologies on Gotland except reef lime
stone, and its distribution, like that of M. priodon is not
correlated with lithology . One interpretation would be that
both taxa had patchy distributions during a rather long time
interval during which the Slite c to lower Slite g were
deposited, one after the other. Alternatively, the interval
containing K. walliseri on Gotland was short and these units
were deposited side by side. This would mean that the base of
the Slite g is oldest in the Klinthagen area - where also older
Slite beds are developed as limes tones - and progressively
younger in a southeast direction where the Slite g expanded
out over the Sli te MarI. If so, the regional picture in K. walliseri
time may have been one of an unchanged (?) high rate of
sedimentation of skeletal carbonate sand, with still coarser
carbonates in the northwest, locally with Megalomus beds. A
narrow zone of Rhipidium-rich mari and marIy limes tone was
locally developed in the former marginal carbonate sedimen
tation area, and a low rate of the continuous grain-by-grain
sedimentation in some areas outside this zone would have
permitted the formation of hardgrounds. In Slitebrottet 2 at
least the beds 4 m above sample G 73-50 are grad ed and cross
bedded in a way that strongly resembles Bouma's units c, d
(and e?) , and Bergman ( 1 98 1 , 1 982) has found that a mud
carrying current deposited one of the lowermost accessible
strata at Haganas 1 , j ust above a hardground. (Whether these
sediments are to be described as flysch or instead as a related
kind of'bulk-deposited' sediments are outside the scope ofthis
publication . 'Bulk-deposited' sediments seem, however, to be
very important in the s trata on Gotland . ) A slightly raised sea

level during the deposition of Slite f and contemporaneous
beds may have caused mari to be deposited in the former
marginal limes tone area and produced starvation further out.
When normal sea level was restored again, the area of
carbonate sedimentation rapidly expanded seawards outside
the old margin. The occurrence of graptolites in Slite f and
contemporaneous beds agrees with a raised sea level, as they
are usually interpreted as indicative of a more open marine
environment. Berry & Boucot ( 1 972) - citing Hede's ( 1 942)
data from Gotland - described the M. priodon group of
graptolites as that which occurs in the most shallow areas; it
occurs in the Eocoelia marine benthic life zone, which is the
second one from the shore. On Gotland, K. walliseri occurs
with Panderodus equicostatus, a species which seems to be
characteristic ofshallow water sediments there, while, e.g., P.
recurvatus is not found.
Correlations outside Gotland. - In Estonia, in the middle part of
the Paramaj a Member of the Jaani 'stage', K. walliseri also
occurs with graptolites, but here they have been identified as
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Monograptus ex. gr.flemingi and Mf cf. primus (see Viira 1 975) .
'M. flemingi' is a descendent of M. priodon and treated as only
subspecifically distinct by Jaeger & Schonlaub ( 1 97 7 ) . A
comparison of the Estonian and Gotland specimens to see if
the nomenclatural difference corresponds to a taxonomic one
seems worthwhile. Vii ra found 5 sp elements of K. walliseri in
an interval 3 7 . 5 m thick of the Ohesaare core, about 1 00 m
below beds with H. sagitta rhenana. On Gotland the latter taxon
occurs in the upper parts ofthe Hogklint Beds, the basal Tofta
Beds, and in Slite d, thus only below K. walliseri.
Another specimen of K. walliseri was reported from the
Ukmarge core from Lithuania (Viira 1 975) .
Aldridge (in Bassett 1 974: 757) found two specimens of this
taxon from within 3 m of the top of the Barr Limestone in
central England, and later ( 1 975 b) reported that it is common
in this Limestone. The Barr Limestone is 9 or 1 0 m thick and
was correlated with the upper C. centrifugus, the C. murchisoni
and the lower M. riccartonensis Zones by Cocks et al. ( 1 97 1 , Fig.
4) , and tentatively with the whole or part of the M. riccartonensis
Zone by Bassett ( 1 9 74) . The lower part of this range
corresponds to the U pper Visby Beds and the upper part to the
Hogklint a and b. However, the Barr faunal list also includes
Dicoelosia biloba (see Bassett 1 974: 7 5 7 ) , a brachiopod which
has been found only in the Slite Beds and in younger units on
Gotland, according to Bassett & Cocks ( 1 9 74: 1 1 , 42) . In the
Upper Visby and in the Hogklint Beds they found D.
verneuiliana. Thus, both K. walliseri and D. biloba indicate a
closer similarity with the Slite Beds than with older beds, and
the correlation of the Barr Limestone with the graptolite zones
may have to be restudied .
Aldridge ( 1 975b: 6 1 4) also recorded one specimen from the
Dolyhir Limestone in Wales, co-occurring with H. s. rhenana.
The Dolyhir Limestone was tentatively correlated with the top
C. centrifugus, C. murchisoni and basal M. riccartonensis Zones by
Bassett ( 1 974) . Aldridge et al. ( 1 982) report ed K. walliseri from
the Brinkmarsh Formation.
Walliser ( 1 964:88, 1 0 I ) reported I sp element from the
upper part of the Ostracodenkalk in the Rheinisches
Schiefergebirge, where it occurs with li s. rhenana.
Helfrich ( 1 975) found a total of 1 4 sp �Iements of K. walliseri
in a horizon up to about 2 . 1 m thick ofthe Cosner Gap Member
of the Miffiinton Formation, at three localities in Virginia and
West Virginia. At two ofthese it occurs in the lower local range
ofspecimens identified by Helfrich as H. s. bohemica, at the third
locality it is present j ust below the lowest occurrence of H. s.
bohemica.
Barrick & Klapper ( 1 976) identified 7 sp elements of K.
walliseri from the middle part of the Fitzhugh Member of the
Clarita Formation at two localities in Oklahoma. There it
occurs in the uppermost samples with K. ? ranuliformis and
slightly above, in a horizon less than 1 .0 m thick. At one
locality it occurs with H. s. rhenana. On Gotland, K. ? ranulifor
mis is not known above the middle part of the Hogklint Beds,
i.e. about 10 to about 40 m below Slite f. In Britain K. walliseri
and K. ? ranuliformis are similarly separated (Aldridge 1 975b) .
In the sections described by Barrick & Klapper ( 1 976) the
Wenlockian is strongly condensed - it is not more than 4.5-6.5
m at the most in the two sections with K. walliseri - and
evidence ofstratigraphical leaks and reworking were reported
from other levels in their sections . Therefore it may be wise to
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leave the question open whether the co-occurrence of the two
taxa in their samples indicates a contemporaneity or not.
Nicoll & Rexroad ( 1 968:60) reported that some of their
specimens of K. ? ranuliformis had an extra denticle on the cup.
Cooper ( 1 980:22 1 ) quoted them as having described this as a
rudimentary extra process and evidently interpreted this to be
the beginning of a lateral process (although the term
'rudimentary' would not imply this) . Such specimens also
occur on Gotland Oeppsson 1 979c:244, Fig. 7 2 : 2 ) and are
within the range in variation of K.? ranuliformis. They should
not be invoked in a discussion of the age of K. walliseri.
From Australia, Bischoff ( 1 975:8) noted the presence ofthis
taxon in 'higher horizons in the Borenore section' . J udging
from the rest of the publication ( Talent et al. 1 975) , this section
is in New South Wales .
To sum up, although only slightly over 30 sp elements of K.
walliseri have previously been reported, they have been found
at 1 2 10calities in 8 areas on three continents . U ntil now, I have
found another I I or 1 2 localities on Gotland with 28 sp
elements apart from those from Stora Myre I (see above) . At
the present, beds with K. walliseri are assigned to various levels
in the Wenlockian. This may indicate that the total range of
the taxon includes a large part of the Wenlockian. If so, we
would expect it to occur more than once in some of the areas or
to exhibit some strong ecologic restrictions . However, in most
areas the species was only found in a very thin interval . In
different areas, this interval may be below, in, or above beds
with H. s. rhenana, or in beds with 'H. s. bohemiea . The picture is
similarly diffuse in relation to graptolite ranges: above, in or
below the M. riccå rtonensis Zone, and both with M. priodon and
with its descendent M.p. flemingi.To suggest that K. walliseri
may be useful for stratigraphy would thus challenge the
supremacy in s tratigraphy awarded to severai other taxa. The
variable distribution with respect to H. sagitta presents few
problems, for as noted on p. 1 3 7, H. sagitta and H. snajdri are
among the most facies-dependent Silurian conodonts . In most
cases, it must be borne in mind that correlation with the type
area or with graptolite zones is indirect, and errors may have
accumulated in the process. There is now also so much
evidence for ecological restriction of many graptolites .
In conclusion, we should consider the hypothesis that K.
walliseri was distributed world-wide for a short interval in the
early Wenlockian, probably in the late Sheinwoodian.
'

Slite g, Slite Marl and Slite Siltstone
The Wenlockian Slite g is up to 30 m thick and is the highest
Slite limestone. Bioherms are abundant, as are more or less
coarse-grained limes tones . During the time of the deposition
of Slite g the limestone belt expanded many kilometres, in the
northeast over 1 0 km, out over the Slite MarI. The contact is
exposed in many places. The oldest exposed Slite Mari is only
slightly older than the oldest local Slite g; according to the
conodont faunas the oldest Mari exposed is contemporaneous
with the Slite f (see above) . Most of the exposed Slite Mari is a
lateral equivalent of the Slite g to the northwest or is younger,
except in the Bara area and on Karlsoarna ( the islands in the
SW) where Halla limes tone follows directly on the Slite
limestone. The upper part of the Slite Mari has been
subdivided into Lerberget Mari and the Pentamerus gothlandicus
Beds ( Hede 1 92 7 b) in Stora Karlso. The latter unit can be
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identified across Gotland to the east side of the island. The
Slite Siltstone - up to 4.5 m - occurs on ly in the southwest
(Hede 1 92 1 ; Sivhed 1 9 76; Bergman 1 980) , but the highest
Slite Beds in the NE, the A trypa reticularis Beds, may be
developed as a sandy limes tone (Hede 1 928:40) .
The conodont faunas available from the Slite g are small and
include on ly long-ranging taxa, e.g. , Hindeodella excavata, H.
confluens, Panderodus equicostatus, P. unicostatus and Ligonodina,
probably L. excavata.
The yield from the Slite Mari is more varied; beds with
hardgrounds may produee large faunas while other levels give
small but rather diversified faunas . As an example, many
samples from sections in the Lerberget Marl at the type
locality on Stora Karlso have produced the following taxa:
Hindeodella excavata, H. confluens (less frequent than H. excavata) ,
L. excavata, Panderodus unicostatus, P. recurvatus, a third speeies of
Panderodus, probably P. sp. g . , Pseudooneotodus (broad-tipped) ,
Walliserodus, and Decoriconus. None of these perrnit detail ed
correlations. In other faunas P. equicostatus occurs, usually
together with P. unicostatus, i.e. the same panderodontid fauna
as in the Slite g. However, P. recurvatus does occur in the upper
Slite Mari also in the eastern part of the island . I have found it
at Tj eldersholm I , in sample G 73-8 from 0 . 35-0.40 m below
the reference level, i.e. below the Pentamerus gothlandicus Beds
there, too. Thus there is also some evidence for slightly deeper
water in the eastern part of the area.
The samples from Slitebrottet 1 and 2, above the sample
with K. walliseri (see above) include H. excavata, H. confluens, L.
silurica, P. equicostatus, P. unicostatus, P. recurvatus, P. sp. ,
Pseudooneotodus beckmanni, and Kockelella absidata. An sp element
of K. absidata occurs in sample G 73-44, from about 1 7 . 2 m
above the highest one with K. walliseri and another one in
sample G 73-43 from 1 . 75 m above G 73-44.
A fauna from the topmost Slite Siltstone at Klintebys l , in
sample G 70-23, includes Hindeodella snajdri and Panderodus
equicostatus.

The Halla, Mulde, and Klinteberg Beds
The late Wenlockian Halla Beds consist ofabout 1 5 m of oolite
and argillaceous limes tone in the northeast where they are
subdivided into 3 units ( Hede 1 928:45, 1 960) , now lettered a to
c (Laufeld 1 974 a) . The Halla Beds thin out toward the SW
and disappear south of Klintehamn except for a thick pile of
limestones with reefs on Karlsoarna, the islands west of the
main Gotland ( Hede 1 927b:41-42, 47-50) .
The late Wenlockian Mulde Beds consist of about 25 m of
marlstone in the SW but they thin out and disappear in the
area where the Halla Beds are still less than one metre thick. In
a N W direction it can be noted that no Mulde Beds were
reported by Hede ( 1 92 7b) from LilJa Karlsa, below the
Klinteberg Beds .
The late Wenlockian and early Ludlovian Klinteberg Beds,
as presently known, crop out in an area about 12 km wide and
50 km long. There is an outlier on Lilla Karlsa. The beds
consist of up to 70 m oflimestone in the east where they have
been subdivided into 6 units ( Hede 1 929, 1 960) , now lettered a
to f ( Laufeld 1 9 74a) . In the west, the facies is partly different,
and there they are presently subdivided informally into lower,
middle and upper (Laufeld 1 9 74a) .
Conodont faunas from the maj or part ofthese beds typically
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include a member of the H. snajdri lineage. In this interval H.
sagitta bohemica is often reported (e.g., Fåhraeus 1 969) , but at
least the speeimens from Gotland should be referred to H.
snajdri (see p. 1 23 ) .
The conodont faunas i n the Halla Beds may b e illustrated
with the following speeies lists .
In the Halla a - the Bara oolite - at Bara 1 in sample G 70- 1 3
the re are a few speeimens ofH. snajdri, H. excavata, P. beckmanni,
and Panderodus.
In some faunas, e.g., one extremely well preserved from the
Halla b at Mollbos 1 from sample G 77-28 PSSFG (see also p.
1 22 ) , H. confluens is the dominating Hindeodella speeies, while
H. excavata is very rare. P. equicostatus occurs in good numbers
as do L. excavata, H. snajdri, and P. beckmanni. The taxon
illustrated as Ozarkodina sp. nov. by Aldridge et al. 1 982 is
represented by j uvenile elements.
In other faunas P. equicostatus is laeking, as are all other
speeies of Panderodus. This is so in many samples both from
Halla c and the basal Klinteberg Beds at Gothemshammar 1 , 2
and 9, where H. confluens and H. snajdri seem to be equally
frequent.
In the west, in the Mulde Beds, slightly different faunas
have been found . Thus, at Molner I in sample G 7 1 -6 from the
top bed in the quarry, H. excavata dominates while H. confluens
is rare. H. snajdri is even less frequent, but does occur. Both P.
equicostatus and P. unicostatus occur. Decoriconus has not been
identified in this sample but occurs in sample G 7 1 - 7, I . 70 m
below G 7 1 -6 . In sample ES 1 66 (A. M . ) an oz element of
Kockelella occurs, probably of K. absidata. Faunas of the same
general aspect have also been found in severai samples
from Dj upvik 2 and Blåhiill I . At Dj upvik 2, K. absidata is
present in samples G 70-26 and G 70-28 from 0.95- 1 . 5 m
below and 2 . 24 m above the reference level, respectively. Small
collections from other localities in the Mulde Beds give the
same picture of H. excavata as the dominating Hindeodella
speeies while H. snajdri and H. corifluens are rare; a co
occurrence of P. equicostatus and P. unicostatus, and sporadie
presenee of Pseudooneotodus and Decoriconus.
The contact between the Mulde and the Klinteberg Beds is
exposed at Loggarve I . SampIe G 7 7-2 1 from the topmost
Mulde Beds (0-0.05 m below the boundary) has produced a
very well preserved fauna dominated by H. excavata, but also
with H. snajdri, P. equicostatus, Pseudooneotodus, Decoriconus, and
' Ozarkodina sp. nov.' of Aldridge et al. 1 982. An ne element,
which probably belongs to K. absidata, has also been found. An
sp element of K. absidata occurs in the next sample (G 7 7-22)
from 0-0.05 m above the boundary, i.e. in the basal Klinteberg
Beds (see also p. 1 23 ) .
With few exceptions the collections a t hand from the
Klinteberg Beds are very small, and thus the present account
is a very preliminary one. H. snajdri continues through most of
the Klinteberg Beds both in the southwest and in the east.
Thus it occurs inter alia in the basal Klinteberg Beds at
Gothemshammar 2 and 6 (see above) , in the lower-middle
Klinteberg Beds at Hunninge 1 in sample G 7 1 -3 from about
5.5 m below the top of the quarry and about 2 . 3-3 m above the
floor of the quarry; questionably'in unit a at Hiillinge 2; in unit
c at BåteIs I in samples G 7 1 -90 and G 7 1 -9 1 from 0.90 and 2 . 1 0
m above the lowermost exposed beds, respectively; and i n unit
d at Vallmyr I in sample ES 1 38 (A. M. ) . I n the east the highest
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find is from unit e at Botvalde I , in sample G 75-37. The highest
find ofH. snajdri to date in the southwest is from Klinteberget I
in sample G 6 7-29 from about 8 m below the top ofthe section.
In Britain similar forms occur in the late Homerian !Aldridge
1 9 75b) . With the exception of two questionable specimens
from the Hemse Beds H. snajdri is absent from younger beds on
Gotland until another subspecies appears in the Burgsvik
Beds.
In the Klinteberg c beds at Botvaldevik l in sample G 75-36
'O. serrata ' ? occurs. The species may also occur in other
samples (see p. 1 23 ) .
The rest of the known faunas may be illustrated by the
following species lists .
From Grymlings l , the most southwesterly locality with
Klinteberg Beds on main Gotland, the following species have
been identified in sample G 7 1 - 1 : H. excavata, H. confluens, H.
snajdri and P. equicostatus.
In the lower Klinteberg Beds at Haugklintar 2, in sample G
70-3 1 , a much less abundant but otherwise similar fauna
occurs except that H. snajdri has not been found, and there is a
Ligonodina species, perhaps L. excavata, included.
I n the Klinteberg Beds unit fat Sutarve 2 in sample G 77 -3 1
PSSFG, H. corifluens, H. excavata, P. unicostatus, P. recurvatus?,
Ligonodina silurica? and Hindeodella sp. m. occur.

The topmost Hemse Mari is usually separated as a distinct
unit ( Munthe 1 9 1 0; Laufeld 1 974 a, b; Larsson 1 979) .
On average, the Hemse Beds are more productive of
conodonts than the Slite and Klinteberg Beds . Also the known
diversity is larger; altogether over 20 species have now been
delimited . However, on ly a few localities, with Hemse Mari
SE, have ten or more species and only 5 to 7 species regularly
occur. The three species H. excavata, H. confluens and P.
unicostatus probably together make up about 75% or more of
the num ber of elements in most samples . About half of the
number ofspecies occur on ly as stray specimens , many ofthem
are represented by fewer than ten specimens each in my
Hemse collections .
The Hemse Beds expose the very pronounced ecologic
constraint of some species . Thus, Panderodus recurvatus occurs
practically only in the areas where mari was laid down, where
it is present throughout the sequence, while Panderodus sp. g.
has been found throughout the limes tone sequence but is
restricted to that. P. unicostatus is present everywhere and P.
equicostatus nowhere. Other taxa seem to be largely strati
graphically restricted. Thus, Polygnathoides siluricus occurs
across the island independent of lithology. Others combine
both restrictions, thus Panderodus gracilis occurs only in the
distal parts of the Hemse Mari SE and in the topmost Hemse
Beds.

The Hemse Beds

Hemse Marl NW. The Hemse Mari NW probably represents a
rather long time span. Further studies will probably result in
severai stratigraphically distinctive conodont faunas being
identified in it.
A few platform elements of Kockelella variabilis have been
found at Levide 3 in sample G 79-8, at Gerumskanalen I in
samples G 7 1 -39 and G 77-37 PSSFG, at O verburge I in
sample G 79-5, at Kiilldar 2 in sample G 7 1 -35, at AmIings I in
sample G 77-39b PSSFG, and at Gerete I in sample G 79-6. At
Snoder 3 in sample G 7 1 - 1 0 from the bottom of the small ditch
the re is a j uvenile specimen which either belongs here or to
A ncoradella. K. variabilis also occurs at Aj munde l in sample G
7 1 -40. That locality is within the area which Hede ( 1 927b)
mapped as Klinteberg Beds. However, the locality is only
1 00-200 m NW of the approximate ( Hede 1 927b:23) bound
ary to the Hemse Beds, and the whole known fauna is the same
as that in the Hemse Mari NW. Thus, it seems to be better to
consider the locality an outlier or an extension of the same beds
as those exposed at the other localities with K. variabilis.
Kockelella variabilis is rather long-ranging, but it changes
strongly with time as illustrated by Walliser ( 1 964:40, Pl. 1 6)
from Cellon. The sequence is closely similar elsewhere (cf. e.g.
Rexroad & Craig 1 97 1 ; Klapper & Murphy 1 974; Barrick &
Klapper 1 976) , and it may be possible to subdivide the species
into subspecies of stratigraphical importance. The specimens
from Gotland are closest to those from the middle part of the A .
ploeckensis Zone a s defined a t C ellon but strongly different from
those in older strata and from those in the P. siluricus Zone.
Similar specimens occur in Britain in the Upper Bringewood
Formation (Rhodes & Newall l 963) and also in the lowermost
lower Leintwardine Formation at the type locality for the base
of the Ludfordian the base of the Leintwardinian (Aldridge
1 975b: 6 1 5, Pl. 1 : 1 9 ) .
S p elements of Kockelella absidata occur i n collections from

The outcrops of the Ludlovian Hemse Beds form a diagonal
belt across Gotland about 1 5 km wide and 65 km long. The
maximum thickness is usually given as about 1 00 m (Hede
1 92 1 , 1 960) but is probably less . In the NE the Hemse Beds
consist of about 50 m of limes tone subdivided into 5 units
( Hede 1 929:25-54, 1 958: 1 42- 1 44, 1 960:47-48) which now are
lettered a to e (Laufeld 1 974: 1 1- 1 2 ) . The thin unit a may
contain bioherms as do unit d and unit e. These two units
together are 20 m thick according to Hede 1 929 but up to 25 m
thick and up to 6 m thick, respectively, according to Hede
1 960. The limestones continue into the 'north-central' area
where these subdivisions have not been mapped. However, as
the limes tones consist largely of bioherms and their lateral
equivalents it is likely that they are mostly representative of
unit d (compare Laufeld 1 9 74a: 1 2) or younger, i.e. unit e and
even Eke Beds (compare Martinsson 1 967) . Laufeld ( 1 974a)
separated his localities as undiff. L-M, M-U and U .
MarIstones are exposed to the south and west of the
limes tones . They are here stratigraphically divided into three
parts . Hede ( 1 972b: 24) subdivided the central area of mari
into an older part in the northwest and a younger one in the
southeast, and, following Laufeld ( 1 974a: 1 2 ) , they are here
separated as NW and SE MarI. Hede did not extend this
subdivision to the western coast, but j udging from the
conodont faunas the boundary continues from Kvinngårde
( compare Hede 1 927b:24) southwestward to the inner part of
Linviken or slightly further to the south; Vaktård 3 and
Klasård l have typical Hemse Mari SE conodont faunas. On
the other side of the island, faunas of similar age occur in the
fissure filling ( mapped as thin-bedded crinoidal limestone by
Watkins 1 975, Figs . 3 and 4) in the Hemse d? reefat Lj ugarn l .
This filling, consisting of limestone and mari, may thus be
considered an eastern outlier of the Hemse Mari SE.
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the Hemse Mari NW at Lukse I in sample G 7 1 - 1 2 and at
Arnlings I in sample G 77 -39c PSSFG. K. cf. absidata occurs at
Autsarve I in sample G 7 1 -43. A distinct population occurs at
Kullands I in sample G 77-38 PSSFG, at Gerumskanalen I in
sample G 77-37 PSSFG, at Gardsby I in sample G 82-27, and
at Lilla Hallvards I in sample G 7 1 - 1 43 (see p. 1 23) . At Cellon
such specimens occur in the lower and middle A. ploeckensis
Zone (Walliser 1 964) . The locality Lilla Hallvards I has a M.
chimaera Zone graptolite fauna a aeger 1 98 1 ) . In the type area
for the Ludlovian, M. chimaera occurs in the Upper Elton
Formation ( Holland et al. 1 963: 1 0 1 ) , but its upper range there
is not known because the Lower Bringewood Formation the re
has not yielded any graptoli tes .
Fåhraeus ( 1 969) dissolved two samples from the Hemse
Mari NW, reported Ancoradella from both, and illustrated the
oral surface of a fragmentary specimen. In small specimens the
upper surface is indistinguishable from that of specimens of
Kockelella (Walliser 1 964:29) . I have recollected both localities
but not yet found Ancoradella, although K. variabilis occurs at
Kiilldar 2.
The rest of the conodont fauna can be illustrated by the
following faunal lists in stratigraphically ascending order:
Urgude 2, in sample G 79- 1 0 , a rather small collection
comprises H. excavata, P. unicostatus?, Kockelella?, Dapsilodus.
Snoder 3, in sample G 7 1 - 1 0, from the bottom of the small
ditch: H. excavata (dominant) , H. confluens, P. unicostatus, P.
recurvatus, Kockelella?, Belodella?, H. steinhornensis? (an unques
tionable specimen of this species occurs in sample G 7 1 -43
from Au tsarve I , in a closely similar fauna) .
Lukse I , in sample G 7 1 - 1 2 : H. confluens, H. excavata, H.
steinhornensis, P. unicostatus, P. recurvatus, K. absidata, Decoriconus,
and Belodella.
Snauvalds I , in sample G 7 1 - 1 4 (a small fauna) : H. excavata,
H. confluens, P. unicostatus, P. recurvatus.
The conodontfaunas in the older Hemse limestones. - The conodont
faunas in the Hemse a, b, c, d, undiff. L to M-U limestones are
rich but similar, and as yet it has mostly been difficult to use
them for correlation of the limestone units with the maris.
Most ofthe faunas are dominated by large robust fragmentary
elements of H. confluens and a distinct subspecies of Panderodus
sp. g. In most samples there are als o robust fragments of a
species ofLigonodina. These fragments cannot be distinguished
from L. excavata but they are toa poorly preserved for a positive
identification. That taxon can be positively identified in some
samples. H. excavata is subordinate in frequency and P.
unicostatus occurs in most samples . In the easternmost area
there are a few specimens of Hindeodella sp. m. Scattered
occurrences of some other taxa complete the picture. Some
faunal lists can illustrate the faunas.
In the Hemse a at Katthammarsvik I , sample G 67-30, H.
confluens dominates over H. excavata, and Panderodus sp. g. over
P. unicostatus. Fragments of Ligonodina, probably L. excavata,
and of Hindeodella sp. m. also occur.
In the Hemse c at Grogarnshuvud I occur H. confluens
(which dominates) , H. excavata, H. sp. m . , Panderodus sp. g., P.
unicostatus, L. excavata, L. aff. confluens, and H. steinhornensis.
In the lower-middle Hemse limes tone at Kiilldar 2, In
sample G 7 1 -35, H. confluens (dominates) , H. excavata, P.
unicostatus, P. sp. g., P. beckmanni and K. variabilis occur.
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In the lower-middle Hemse limestone at Sigvalde 2, in
sample G 7 1 - 1 1 5 from O-O . l m below the reference level and
below the reference point, H. confluens, H. excavata (rare ) ,
Panderodus s p . g., P . unicostatus and L. aff. confluens occur.
The P OL YGNA THOIDES SILURICUS Zone. - The Leintwardinian
Hemse Mari SE, and at least parts of unit e, the Millklint
Limestone, contain P. siluricus. The species is usually rare, the
frequency of the sp element often being about one speeimen
per thousand . Fortunately, this horizon is also characterized
by a very high absolute frequency of conodont elements. The
faunas further show a very high diversity . Another still rarer
taxon is Kockelella sp. a. It occurs in samples with P. siluricus
and in the succeeding fauna.
The very well-preserved fauna from Vaktård 3 in sample G
7 1 - 1 48 is typical for the most westerly localities . H. confluens
strongly dominates over H. excavata; P. unicostatus, P. recurvatus,
P. gracilis, D. dubius and P. siluricus occur in frequencies
between 1 00 and 10 speeimens per kilogram. P. beckmanni is
slightly less frequent in my collections, but it is probable that a
finer screen would retain more than 1 0 elements per kilogram.
In addition, a few elements of Ligonodina are found . Evidence
combined from several localities indicates that both L. excavata
and another species may occur. A fragmentary specimen of a
three-branched element completes the fauna list. Similar
faunas with P. siluricus occur in the Hemse Marl at Klasård I in
sample G 7 1 - 1 50. There Decoriconus and a single j uvenile
specimen of Belodella have also been found.
Further to the northeast, the faunas are similar except that
Panderodus gracilis does not occur at this level, but Ligonodina sp.
d does . Such faunas occur in the Hemse Mari SE at Gliives I, in
sample G 75-30, at Hiigvide I in G 7 1 - 1 29 (both with
Pelekysgnathus dubius) , at Gannor 3 in G 7 1 - 1 25, and at Fie 3 in G
7 1 - 1 28.
P. siluricus is also found, at Rangsarve I, to the west of these
localities, within the area where the Hemse Mari NW is
overlain by reef limes tone. Here it is at a topographically
higher level than the closest Hemse Mari NW localities . The
fauna is slightly different from that at Gliives I , Hiigvide I ,
Gannor 3 , and Fie 3 , principally in the presenee of L . silurica?,
which is the most abundant speeies ofLigonodina at Rangsarve,
and in the rarity of D . dubius. This locality may be at a slightly
lower level than my others with P. siluricus. The fauna deviates
strongly from those in the Hemse Marl NW, and considering
the local topography, I find it likely that the beds correspond in
age to the lower part of the Hemse Marl SE. Within the same
limestone area, but 1 3 km to the ENE, in the large quarry
Garde I , P. siluricus occurs in the three samples G 82-35, G 7 1 224, and G 82-36. They are from the uppermost 1 .64 m of the
exposed sequence. The collections presently available are
small, but seem to agree best with those from Rangsarve I .
Thus, D . dubius remains to be found at Garde l . Fåhraeus'
( 1 969) report of a single specimen of P. siluricus from Ekese
(about 5 km ENE of Garde I ) may indicate a similar fauna
there.
In the northeasternmost part of the area with Hemse Marl
SE, at Gogs I , the fauna is known from very large collections,
many of which have been prepared by Anders Martinsson.
Samples, collections, and speeimens have also been received
from Kent Larsson, C arl Pleij el and Bj orn Sundquist. The
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fauna includes a num ber ofvery rare speeies, some ofwhich are
poorly known or undescribed. The following taxa have been
recognized to date: H. conjluens, H. excavata, P. unicostatus, and
D. dubius are regularly present and P. recurvatus occurs in good
numbers in many samples. Less frequent, and absent from
some half-kilogram samples, are P. siluricus and both kinds of
undescribed elements included under gen. et sp. indet. Very
rare are Belodella, Decoriconus, Pelekysgnathus dubius and
Pseudooneotodus. There are also at least two, but probably
severai, speeies of Ligonodina and/or another genus with
similar denticulation.
A similar fauna occurs at Tuten l , in sample G 8 1 -5 1 . The
first 0 . 5 kg have produced H. conjluens, H. excavata, P. unicostatus,
P. siluricus, L. excavata, L. silurica?, gen. et sp. indet. , a few
speeimens that are questionably identified as Panderodus sp. g . ,
and Belodella.
Closely similar, but badly fragmented, collections have also
been found further to the NE, in the fissure filling of Hemse
Mari SE at Lj ugarn I in sample G 79-50, in the Millklint
Limestone at Millklint I in sample ES 1 3 7 (A. M . ) and at
Millklint 3 in sample G 69-32. Like those from Gogs I and
Tuten I , all three faunas include gen. et sp. indet. There is at
least one real difference from the Gogs fauna: Panderodus sp. g
occurs, as in older Hemse limes tone units, and P. recurvatus is
absent except for s tray specimens at Lj ugarn l .
In the Hemse beds at Kuppen l , in sample G 8 1 -44 from 00 . 1 1 m above the reference level, there is an identical fauna.
The fauna differs marked ly from studied Hemse d faunas, in
which D . dubius and gen. et sp. indet. are absent. Hede
( 1 929:38) described what is now ( Laufeld 1 9 74a, cf. Hede
1 960) separated as d and e, as one stratigraphic unit, and
described the Millklint Limestone only as the highest
lithologic unit within it ( Hede 1 929:49) . His description of the
beds in question ( 1 929:40) at Kuppen I , is closely similar to
that of the s trata at Millklint. However, he did not introduee
the term Millklint Limestone until some pages after he had
described both Kuppen I and the type area. Anyhow, the
similarities in the conodont faunas are so large that I here refer
the beds above the reference level to the Hemse e. Similarly,
the maris and limes tones at Rangsarve I should be referred to
the Hemse Mari SE and unit e respectively.
My correlations agree closely with those based on
ostracodes by Martinsson ( 1 96 7 ) . For example, ostracodes
and conodonts both indicate that beds at Rangsarve ( Martins
son's Linde area) and in the east are to be correlated with the
Hemse Mari SE. As is to be expected when more fossils are put
in stratigraphic use it is possible to refine some biostratig
raphical divisions slightly; in particular, the P. siluricus Zone
on Gotland is very thin and does not include the top of the
Hemse Mari, which can thus be separated.
The age ofthe P. SILUR/CUS Zone. - Hede ( 1 9 1 9, 1 942:20, Ioc. I c,
2 c) reported Monograptus bohemicus from Vaktård 3 and
Klasård l . Some of Hede's other finds of M. bohemicus on
Gotland are at localities which he mapped as Hemse Mari SE,
and at least one ( Bodudd 3 ) - as far as can be judged - has a
Pelekysgnathus dubius fauna, and thus represents the uppermost
Hemse MarI. In Great Britain, at that time, M. bohemicus was
on ly known in strata that were referred to the M. nilsson i Zone
( Hede 1 9 1 9 ) , the lowermost Ludlovian graptolite Zone.
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However, it does occur higher; Jaeger ( 1 975) reported it from
Cellon in the upper part of the Cardiola-Niveau, i.e. in the upper
part of the P. siluricus Zone, an occurrence he dated as younger
than M. leintwardinensis. He has also concluded ( 1 98 1 : 1 2) that
a graptolite fauna from the Hemse Mari NW beds at Lilla
Hallvards I belongs in the M. chimaera Zone, which succeeds
the M. nilssoni Zone. Thus the Hemse Mari SE cannot belong
to the M. nilsson i Zone. Walliser ( 1 964:97) found the P. siluricus
Zone between M.Jritschi linearis and M. ultimus at Hvizdalka in
Bohemia, and Kfiz & Sch6nlaub ( 1 980) showed that the basal
bed of the P. siluricus Zone at Muslovka in the same area
contains M. fritschi linearis (M. bohemicus occurs j ust below the
P. siluricus Zone there) .
Thorsteinsson & Uyeno ( 1 980 [ 1 98 1 ] :2 3) also diseussed the
age of the P. siluricus Zone. They referred to Klapper &
Murphy ( 1 974) as concluding 'that the lower range of P.
siluricus overlaps the Zone of M. chimaera in Nevada' . Appa
rently their reference is to Figs . 6 and 8 in Klapper & Murphy's
publication, where M. chimaera is shown to range about 1 20
and 80 feet, respectively, above the interval with P. siluricus.
However, Klapper & Murphy did not themselves refer to this
graptolite range as the M. chimaera Zone, a term which they
used for an older interval with the A . ploeckensis Zone (Klapper
& Murphy 1 974: 1 2, Fig. 7) . That correlation agrees weU with
that diseussed above for parts of the Hemse Mari NW.
The P. siluricus Zone is known from many other areas, but
not yet from the type area for the Silurian in Great Britain.
However, Martinsson ( 1 967) reported an ostracode fauna
with Neobeyrichia scissa and N. lauensis from severai of the Hemse
Mari SE localities with P. siluricus, and using this, he could
correlate them (and the top of the Hemse Mari) with the late
Leintwardinian. This agrees closely with the European
graptolite and conodont evidence dicussed above, and it is
thus the most likely age of the P. siluricus Zone.

The uppermost part of the Hemse Marl. - The conodont faunas in
the top of the Hemse Mari are similar to those in the Hemse
Mari SE except that P. siluricus and some other of the very rare
taxa have not been found, while at least P. dubius is slightly
more frequent. The faunas show similar changes from the west
to the east. At Bodudd I in sample G 8 1 -30, from the lowermost
beds exposed, there is a very weU preserved fauna. It includes
P. gracilis (about 20 elements per kg) together with H. excavata,
H. conjluens, P. unicostatus, D. dubius, P. dubius, P. beckmanni, and
at least one unidentified speeies. At Bodudd 3 in a much larger
coUection (sample G 7 1 - 1 5 1 ) Decoriconus, P. recurvatus, and
Belodella also occur.
Stray specimens ofP. gracilis occur also further to the east, at
Karne 3 (S ofBurgen) at least up to about 0 . 7 5 m below the top
of the Hemse Beds in sample G 7 1 - 1 96, and at HaUsarve I in
samples G 69-26 and G 69-2 7 from 0 . 1 5-0.25 m and 0-0.05 m
be!ow the reference leve! ( the base of the Eke Beds ) ,
respectively. A t the former locality P . dubius also occurs;
the coUections at hand from Hallsarve are much smaller. P.
dubius also occurs at Gannor I in sample G 7 1 - 1 20 from 0.65 m
be!ow the reference level and at Botvide I , less than 1 m below
the boundary. At that locality in sample G 66-248 SL from
0. 50-0.55 m below the boundary, Hindeodella sp. m has be en
found .
=
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Theyoungest Hemse limestones. - A very large conodont collection
from the Millklint Limestone at Millklintdalen 2, sample G
7 7-44 PSSFG, contains H. corifluens, H. excavata, P. unicostatus,
P. sp. g, P. recurvatus, D. dubius, Ligonodina sp. , Kockelella sp. a,
and questionably also P. dubius. A much smaller collection
from Herrgårdsklint l ( sample G 7 1 -80) contains H. corifluens,
H. excavata, L. excavata, P. unicostatus, and questionably also P.
dubius. At Kuppen I , in sample G 8 1 -45, from 0. 1 1-0. 1 4 m
above the reference level, H. confluens, H. excavata, D. dubius, P.
dubius ( many specimens per kg) , Pseudooneotodus, P. unicostatus,
P. sp. g, Ligonodina, Kockelella? sp., and Hindeodella sp. m oeeur.
This fauna differs from that in G 8 1 -44 (see above) , inter alia in
the greater frequency of P. dubius and the absenee of
gen. et sp. indet. Two smaller collections from Kuppen 2, G 8 1 46 from 0.03-0.08 m and G 8 1 -47 from about 2 . 5 m above the
reference level there, have only produced H. confluens, H.
excavata?, P. sp. g, P. unicostatus?, Ligonodina, and Kockelella? sp.
Samples from O stergarnsholm 1 , 2, and 3 (G 78- 1 9 CB, G 781 8 CB, and G 78-20 CB, respectively) and sysne I (sample G 8 1 49) contain similar faunas; D. dubius occurs i n the samples
from O stergarnsholm 3 and Sysne I (the collections available
from the other two localities are too small for any conclusion) ,
and a possible speeimen of P. dubius and another of ' Ozarko
dina sp. nov.' of Aldridge et al. 1 982 in the collection from
O stergarnsholm 3. It is possible that D. dubius occurs below the
P. siluricus Zone on Gotland; thus, the beds on O stergarnsholm
and at Sysne may be older than that zone. However, other
samples must be younger; thus they indicate that the Hemse
limes tones reach above the P. siluricus Zone ( cf. Martinsson
1 967 ) . As yet I have no good faunistic characteristic to
distinguish any possible outliers of the Eke Beds (see below) ,
but at least the collections with P. dubius and/or D. dubius agree
closest with the uppermost Hemse MarI.

The Eke Beds
The Late Leintwardinian to early Whitcliffian Eke Beds crop
out in an area some kilometres wide and 28 km long. Outliers
in the area of the Hemse Mari SE mapped by Hede ( 1 925b)
extend the area by another 10 km. Martinsson ( 1 96 7 : 3 7 3 )
identified outliers also in t h e Hemse limes tone area, extending
the distribution a further 18 km to the NE. Regarding evidence
of the former extension, see alsoJeppsson 1 982. In most of the
area, the beds consist of about 1 0 m of calcareous mudstone
and argillaceous limestone abundant in calcareous algae. In
the NE the lower levels are to a large extent developed as
crinoidal limestone with small bioherms.
The lower few metres of the Eke Beds are exposed in many
places, and I have many fairly large faunas from them. The
yield is lower than in the Hemse Beds, and the diversity of the
faunas is much lower. Only H. excavata, H. confluens, and
Panderodus unicostatus are regular, and Pseudooneotodus beckmanni
occurs in some samples . Thus, the faunal constituents are
those that dominate the upper Hemse faunas, with the
difference that all the 'exotic' taxa have disappeared.
Higher in the Eke Beds this fauna is replaced by a distinetly
different one. The meagre faunas are dominated by Panderodus
equicostatus, with Pseudooneotodus beckmanni and Decoriconus in
most collections . Two specimens of Dapsilodus have been
found, one at Ronnings I in sample G 79-47 and another at
Ronehamn 3 in sample G 69-5 1 . Taxa with bar elements are
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equally rare; one sp element ofH. steinhomensis has been found
in G 69-5 1 , and the oldest find on Gotland of L. cf. elegans, one
fragmentary hi element, derives from Ronnings in sample G
7 1 - 1 90. Another speeies of Ligonodina - probably L. excavata 
also occurs at this level, represented by a fragment in sample G
69-5 1 . Most interesting, however, is a single fragmentary
speeimen ofan icriodontid in sample G 7 1 - 1 90 . The specimen
is difficult to identify, but is closest to Pedavis thorsteinssoni
Uyeno 1 98 1 , and may well belong there.

The Burgsvik, Hamra and Sundre Beds
The Whitcliffian Burgsvik Beds crop out in a belt about 50 km
long and largely less than I km wide. In the Burgsvik area, the
beds consist of up to 45 m ofsandstone and claystone overlain
by up to 2 m of mixed beds, including oolites, pisolites and
sandstone (see Stel & de Coo 1 9 7 7 ) . In the south, the
lithologies are similar, but in the extreme NE, at Burgen, the
Burgsvik Beds are only 7-8 m thick and oolites and biohermal
limes tones are the most important lithologies.
The latest Ludlovian Hamra Beds crop out in an area 30 km
long. There are also some outliers 1 5-20 km further to the NE.
In the southwest the Hamra Beds are mostly 20-25 m thick,
but locally reach 40 m . They are subdivided into three units,
designated a, b, and c, the lower one consisting ofalgal nodules
and the other two of more or less argillaceous limes tone and
biohermal and associated detrital limestones . In the outliers to
the NE there is less than 1 0 m of biohermal limestone
remaining.
The uppermost stratigraphical unit on Gotland is the latest
Ludlovian Sundre Beds . They crop out in an area up to 18 km
long along the coast in the southeast and reach a maximum of
10 m of crinoidal and biohermal limestones .
Faunasfrom the Burgsvik Beds. - On Narsholmen, the northeas
ternmost land-area with Burgsvik Beds, conodonts have been
found in the oolithic lower Burgsvik Beds at Glasskar I in
sample G 72- 1 8 . As yet only a few tens ofspecimens have been
extracted, but the fauna is diverse and includes H. confluens, H.
wimani, H. snajdri, L. excavata novoexcavata and P. equicostatus. In
Skåne H. wimani appears in beds containing H. s. scaniea. Thus,
it is possible that the Bj iirsj iilagård Limestone in Skåne is to be
correlated with parts of the Burgsvik Beds on Gotland and the
white sands tone (unit 4 of Eichstiidt 1 888, unit 2 of Griinwall
1 897) in the O ved-Ramsåsa Group in Skåne may be corre
lated with the sandstones in the upper part of the Burgsvik
Beds.
Faunas from the top Burgsvik Beds and the Hamra a. - Relatively
large samples have be en dissolved from the uppermost
Burgsvik Beds and lowermost Hamra Beds, but the faunas
recovered are very small. At Uddvide 2, nine specimens of H.
steinhomensis have been found in samples from four leveIs in the
Burgsvik Beds and four more in one sample from the basal
Hamra Beds . In the latter sample H. confluens and L. excavata
novoexcavata also occur. At Hoburgen 2 the meagre faunas are
dominated by H. excavata, while H. steinhomensis has not been
identified . The faunas there also include P. equicostatus, H.
confluens, and L. excavata novoexcavata. The speeimens of H.
steinhomensis from Uddvide 2 are very similar to the youngest
H. s. scaniea from Klinta in Skåne, but none of the relevant
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elements are well enough preserved to say whether the
dentides alternate in size or not. I have described the interval
at Klinta with these elements as that of the younger H. s.
scanica fauna ( 1 9 74) . That fauna is characterized by the
absenee of other species of Hindeodella, Ligonodina, and Disto
modus. The collections at hand from the Burgsvik Beds at
Uddvide thus agree also in this aspect. The differences
between Uddvide 2 and Hoburgen 2 may either indicate a
biofacies difference or more probably, an age difference. If so,
the beds at Hoburgen 2 are probably the younger.
Faunasfrom Hamra b. At Bankvat I , in sample G 8 1 -39, H.
confluens, H. snajdri crispa, and a population of H. steinhornensis
with alternating denticulation occur in good numbers . H.
wimani and L. elegans are rare. It is notable that neither H.
excavata nor Panderodus has been identified among the severai
hundred elements extracted. ane speeimen of the latter taxon
occurs in sample G 72-2 from Bankvat I . A dosely similar
fauna occurs at Strands I in sample G 75- 1 4, which has H.
confluens, H. steinhornensis, H. snajdri crispa, H. wimani, and L.
elegans.
During the Whitdiffian and earliest 'post-Whitdiffian'
much happened in the evolution of the conodonts, e.g., H.
steinhornensis became more abundant and evolved alternating
denticulation, H. s. snajdri evolved into H. s. crispa (Schiinlaub
et al., in prep . ) , the lineage of H. wimani appeared and evolved
rapidly, and that ofL. elegans is again commonly represen ted in
collections . H. wimani appears in the lower Burgsvik Beds (see
above) . H. steinhornensis with alternating denticulation is rare
in the collection from Strands, dominates in those from
Bankvat, and is not found in the other Hamra b collections;
thus, Bankvat seems to represent the very youngest Hamra b
and Strands a slightly older leve!. Also the first definite L.
elegans appears at Strands . Further taxonomic studies are
necessary to identify the levels defined by the evolutionary
events.
In the type area for the Ludlovian in Britan, H. steinhornensis
with alternating denticulation occurs in the very latest
Whitdiffian, but the other more or less contemporaneous
developments in other taxa have not been recognized
(Aldridge, written communication) . This may indicate that
the uppermost units on Gotland are younger than the Upper
Whitdiffe Formation in the type area. On the other hand
Martinsson ( 1 967) has shown that low levels in the Downton
C astle Sandstone Formation are younger than the Sundre
Beds. Thus severai tens ofmetres of sediments on Gotland may
have be en forrned during an interval poorly represented in the
type area of the Ludlovian.
The faunas from Strands and Bankvat are very similar to the
Wenlockian on es from Gothemshammar in which a different
subspecies of H. snajdri and H. confluens dominate, while H.
excavata and Panderodus are rare or absent. The fauna may also
be compared with those from the upper parts of the Hiigklint
Beds in Vattenfallet Geppsson 1 979c) . There H. confluens
appears slightly before H. sagitta, a dose relative of H. snajdri,
H. excavata is much rarer than in the lower Hiigklint Beds, and
Panderodus is very rare. Another dose relative of H. snajdri, H.
steinhornensis, also often occurs in faunas in which Panderodus
and H. excavata are rare or absent, e.g., in Skåne Geppsson
1 974) and in the Beyrichienkalk Geppsson 1 98 1 ) . None of these
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three dosely related taxa i s limited t o collections i n which
Panderodus and H. excavata are rare or absent, but they seem to
be more rare in other collections. As is the case in the Halla
Beds (see p. 1 32) , H. snajdri is rarer, and the faunas more
normal further to the southwest. Thus, H. snajdri occurs in
sample G 77-33 PSSFG ( 3 . 99 kg) from Kattelviken 5 but is not
found in five 0 . 5 kg samples higher up in the section. Sample G
77-33, which is from less than 5 m above the base of the Hamra
Beds, has also yielded H. excavata, H. confluens, H. steinhornensis,
P. equicostatus, Belodella, Pseudooneotodus, Dapsilodus?, and L.
excavata?

-

Faunas from the Hamra c.
Some of the beds at Juves have
produced rich faunas, which I plan to describe in another
publication. The following taxa have been found to date: H.
confluens, H. excavata, H. snajdri crispa, H. steinhornensis, H. wimani
n. ssp . , L. confluens, L. elegans, L. excavata novoexcavata, P.
equicostatus, P. unicostatus, P. beckmanni, and questionably
Belodella. Of these H. wimani and Belodella are very rare, and
severai of the other taxa are not met with in the smaller
collections . Other localities do not seem to add much to the
picture of the fauna, although P. unicostatus has not been found
at Hoburgen 3 .
In Anders Martinsson's sample Hoburgen I from the upper
Hamra Beds at Storburg l there is an element of Distomodus
dubius. In Britain this taxon continues into the basal Downton
Beds (Aldridge 1 975b) , but on Gotland this is the only find to
date from post-Leintwardinian beds . The speeies is regular in
the Hemse Mari SE, e.g. , at Gogs, and it may be significant
that Anders Martinsson designated the Hoburgen I sample as
'Gogs lithology' .
-

Sundre faunas. I n the Sundre Beds a t J uves H. excavata, H.
corifluens, H. steinhornensis, L. confluens, L. excavata novoexcavata,
Panderodus equicostatus, and P. unicostatus occur. Most or all of the
differences between this list and that from the Hamra c at the
same locality can be accounted for by the smaller sizes of the
collections from the Sundre Beds. Other Sundre faunas
available contain a similar set of species.
-
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Appendix: Localities
I n the list of references to each locality, an asterisk marks the
publication in which a full description of the locality is found. For
localities described in Laufeld 1 974b, Laufeld & Jeppsson 1 9 76 and
Larsson 1 9 79, earlier literature is not cited . Grid references refer to the
Swedish National Grid system and (within parentheses) the Univer
sal Transverse Mercator (UTM) system.
AJMUNDE I. Earlier referred to as Klinteberg Beds, Klinteberg
Mari top. In my opinion, the same unit as other localities referred to
Hemse Mari NW. Beds with Koekelella variabilis. Age: Ludlovian;
probably Bringewoodian.
Referenees: Laufeld 1 974a, b O ; Laufeld & Jeppsson 1 976; Larsson
1 979.
AMLINGS I. Hemse Beds, Hemse Mari NW part. Beds with
Koekelella variabilis. Age: Ludlovian; probably Late Bringewoodian,
possibly earliest Leintwardinian.
References: Laufeld 1 974a, bO; Laufeld & Jeppsson 1 976; Larsson
1 979.
AURSVI KEN I. Hiigklint Beds, the middle of three Hiigklint units
separated by Hede ( 1 936) , probably high in that unit; lower-middle
part (Laufeld 1 974b) . Beds with Koekelella? ranuliformis and Hindeodella
sagitta rhenana. Age: Early Wenlockian .
References: Laufeld 1 9 74a, b O .
AUTSARVE l . Hemse Beds, Hemse Mari NW part. Age: Ludlovian;
probably Bringewoodian.
References: Laufeld 1 9 74a, b *'
BAN KV A T I. Hamra Beds, u ni t b . Beds wi th Hindeodelta snajdri erispa.
Age: Latest Ludlovian.
Referenees: Laufeld 1 9 74a, b O ; Larsson 1 979; J eppsson 1 982.
BARA l. Halla Beds, unit a, i . e . Bara Oolite. Beds with Hindeodella
snajdri. Age: Late Wenlockian.
References: Laufeld 1 974a, b O ; Larsson 1 979; Jeppsson 1 982.
B ÅTA I. Slite Beds, unit f. i . e . R. tenuislrialum Beds. Beds with
Koekelelta waltiseri. Age: Early Wenlockian.
References: Laufeld 1 9 74a, bO; Larsson 1 9 79.
B ÅTELS l . Klinteberg Beds, unit c. Beds with Hindeodelta snajdri. Age:
Late Wenlockian .
References: Laufeld 1 9 74a, b O .
BL Å H A LL l . Mulde Beds, lower part. Age: Late Wenlockian .
Referenees: Laufeld 1 9 74a, b O ; Larsson 1 979; Claesson 1 979; Poulsen
el al. 1 982.
BODUDD l. Hemse Beds, Hemse Mari uppermost part and Eke
Beds, basal part. The Hemse Beds contain the Pelekysgnalhus dubius
fauna. Age: Ludlovian; Late Leintwardinian.
References: Laufeld 1 9 74a, b O ; Larsson 1 979; Jeppsson 1 982.
BODUDD 3 . 633050 1 64550 (CJ 3065 2972 ) , ca 5000 m SW of Nas
church. Topographical map sheet 51 Hoburgen NO & 5J Hemse NV.
Geological map sheet Aa 1 52 Burgsvik.
Shore exposure on the northern side of the bulge in the coast line,
with fivp bushy s�rvice-trees (Sorbus), only three of them alive and
standing.
Hemse Beds, Hemse Mari uppermost part. Strata with the
Pelekysgnathus dubius fauna. Age: Ludlovian; Late Leintwardinian .
References: Hede 1 9 1 9 :2 1 , Loe. 9; Hede 1 942:20, Loc. I C .
BOTVALDE I . 638860 1 67638 (CJ 6588 8526) , c a 1 800 m NE of
Gothem church. Topographical map sheet 6J Roma NV & NO.
Geological map sheet Aa 1 69 Slite.
Shallow 'quarry', about 40 m SW of the road and a few metres E of
the edge of the pine forest, 450 m NW of the road intersection at
Tummungs.
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Klinteberg Beds, unit e . Beds with Hindeodella snajdri. Age: Wenlock
ian; Late Homerian.
Reference: Hede 1 928:6 1 , lines 5- 1 0 .
Note: Hede's description o f the beds and o f their stratigraphical
position (Hede 1 928:6 1 ) is dosely similar to his description of the beds
that are now referred to unit e (Hede 1 929:20) , and the beds can be
considered to belong to unit e. Botvalde I is thus the northernmost
known locality with that unit.
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GARDSBY l . 635366 1 65328 (CJ 40 1 5 5222 ) , c a 2200 m N (and
slightly E) of Fardhem church. Topographical map sheet 6J Roma
SV. Geological map sheet Aa 1 64 Hemse.
Exposure 5 m N of the road in the small ditch, perpendicular to the
road, 25 m NW of the solitary house 350 m ESE Gardsby.
Hemse Beds, Hemse Mari NW part. Age: Ludlovian; Bringewoodian
or Leintwardinian.

BOTVALDEVIK I . Klinteberg Beds, unit c. Age: Late Wenlockian.
Reference: Larsson 1 97 9 *.

GERETE I. Hemse Beds, Hemse Mari NW part. Be ds with Kockelella
variabilis. Age: Ludlovian; Bringewoodian or Leintwardinian.
References: Laufeld 1 9 74a, bO; Franzen 1 9 7 7 ; Larsson 1 979.

BOTVIDE I . Hemse Beds, Hemse Mari uppermost part a n d Eke
Beds lowermost part. The Hemse Beds contain the Pelekysgnathus
dubius fauna. Age: Ludlovian; Late Leintwardinian.
References: Laufeld 1 9 74a, bO; Jeppsson 1 974: 1 0; Larsson 1 979;
Laufeld & Martinsson 1 98 1 ; Jeppsson 1 982; Cherns 1 982.

GERUMSKANALEN I. Hemse Beds, Hemse Mari NW part. Beds
with Kockelella variabilis. Age: Ludlovian; probably Late Bringe
woodian, possibly earliest Early Leintwardinian .
References: Laufeld 1 9 74a, b O ; Laufeld & Jeppsson 1 976; Jeppsson
1 982.

DJU PVIK 2 . 635556 1 64074 (CJ 2 7 7 6 5504) , ca 4450 m WNW of
Eksta church. Topographical map sheet 6 1 Visby SO. Geological map
sheet Aa 1 64 Hemse.
Cliff section j ust SW of the disturbed beds below the place where
there are some tre es NW ofthe road, about 675 m SW of the harbour of
Djauvik.
Reference level: There are four deeply caved mari beds ( bentonites?)
in the section and some less distinet ones. The middle two are about 2
m above the base of the section and about 0 . 2 m apart. The lower of
these is selected as the reference level. The remaining two distinet mari
beds occur 1 .5 m below and 1 . 1 0 m above the reference level; Tussilago
farfara grows in the uppermost bed.
Mulde Beds, lower part. Beds with Hindeodella snajdri. Age: Late
Wenlockian.
Reference: Hede 1 92 7 b ( to the whole I . l km long section) .
Note: The thicknesses between the mari beds are so similar to those
described by Laufeld 1 974a from Djupvik I , that they are almost
certainly the same horizons. Thus the same reference level can be used
at the two localities .

GLASSKA R l . Burgsvik Beds, lower part. Fauna with Hindeodella
wimani and H. snajdri. Age: Ludlovian; Whitdiffian.
References: Laufeld 1 9 74a, bO; Larsson 1 9 79.

FIE 3. 635294 1 67097 (CJ 5 7 70 5005 ) , ca 1 700 m NE ofNar church.
Topographical map sheet 6J Roma SV. Geological map sheet Aa 1 56
Ronehamn.
Ditch exposure along the lield road (not marked on the topographi
cal map) about 10 m E of the road between Kauparve and Hagdarve.
Hemse Beds, Hemse Mari, southeastern part. Beds with Poly
gnathoides siluricus. Age: Ludlovian; Leintwardinian.
GALGBERGET I . Hiigklint Beds, unit c and Tofta Beds, basal part.
The Hiigklint Beds contain Hindeodella sagitta rhenana. Age: Early
Wenlockian.
References: Laufeld 1 9 74a, bO; Larsson 1 979; Claes son 1 9 79; Laufeld
& Martinsson 1 98 1 ; J eppsson 1 982.
GANNOR I. Hemse Beds, Hemse Mari, uppermost part and Eke
Beds, basal part. The Hemse Beds contain the Pelekysgnathus dubius
fauna. Age: Ludlovian;� Late Leintwardinian.
References: Laufeld 1 974a, bO; Eisenack 1 9 75, Fig. 30; Laufeld &
J eppsson 1 976; Larsson 1 9 79; Claes son 1 979.
GANNOR 3 . Hemse Beds, Hemse Mari SE part. Polygnathoides
siluricus Zone. Age: Ludlovian; Leintwardinian.
References: Laufeld 1 9 74a, b O .
GARDE l . 636 1 09 1 66785 (CJ 55 1 3 5853 ) , c a 3 1 00 m N I 2°E of
Garde church. Topographical map sheet 6J Roma SV. Geological
map sheet Aa 1 70 Katthammarsvik.
Abandoned, large quarry ( marked on both maps) 650 m SE ofpoint
53,46 . My section was measured about 50 m west of the eastern end of
the quarry.
Reference level: The lower surface of the oldest bed with large (up to
1 00 mm) stromatop o roids, the boundary between the two units in
Hede 1 929.
Hemse Beds, unit e. At least the beds from 0.2 m below the reference
level belong in the Polygnathoides siluricus Zone. Age: Ludlovian;
Leintwardinian.
Reference: Hede 1 929:47, line 39-p. 48, line 1 9 .

GLAVES I . Hemse Beds, Hemse Mari SE part. The locality was
unavailable in 1 9 7 1 but in 1 975 the ditch along the northern side of the
main road and along the western side of the approach road to the farm
had recently been deepened. My sample is from the ditch along the
approach road 5 m from the main road. Polygnathoides siluricus Zone.
Age: Ludlovian; Leintwardinian.
References: Laufeld 1 974b o ; Jeppsson 1 974: 7; Larsson 1 9 79.
GOGS I. Hemse Beds, Hemse Mari SE part. Polygnathoides siluricus
Zone. Age: Ludlovian; Leintwardinian.
References: Laufeld 1 9 74a, b O ; Jeppsson 1 9 72:63, Fig. l B, 1 974: 7, 1 2 ,
1 976: 1 08, 1 09, I 1 3- 1 I 7; Janvier 1 978; Larsson 1 979; Jeppsson 1 982;
Brood 1 982:24-25 .
GOTHEMSHA MMAR I . Halla Beds, unit c and Klinteberg Beds,
unit a. Beds with Hindeodella snajdri. Age: Late Wenlockian.
References: Laufeld 1 9 74a, bO; Larsson 1 979.
GOTHEMSHAMMAR 2 . Halla Beds, unit c and Klinteberg Beds,
unit a. Beds with Hindeodella snajdri. Age: Late Wenlockian.
References: Laufeld 1 9 74a, bO; Larsson 1 979; Claesson 1 979.
GOTHEMSHAMMAR 3 . Halla Beds, unit c and Klinteberg Beds,
unit a. Beds with Hindeodella snajdri. Age: Late Wenlockian.
Low section on the shore, partly covered by scree from the raised
beach ridge. Drive 3.3 km from road 1 46 to where the road splits into
three parallei ones dose to each other. The locality is immediately NW
of a large Salix shrub to the left of the northern road .
References: Laufeld 1 974b * ; Larsson 1 979; Poulsen et al. 1 982.
GOTHEMSHAMMAR 6 . Halla Beds, unit c. Beds with Hindeodella
snajdri. Age: Late Wenlockian.
References: Laufeld 1 974b*; Claesson 1 9 79.

GROGARNSHUVUD l . Hemse Beds, unit c. Age: Early Ludlovian.
References: Laufeld 1 9 74a, bO; Larsson 1 979; C laesson 1 979; Laufeld
& Martinsson 1 98 1 ; J eppsson 1 982; Sundquist 1 982a.
GRYMLINGS l . 635566 1 64505 (CJ 3 2 1 0 5485) , ca 1 970 m NNE of
Eksta church . Topographical map sheet 61 Visby SO. Geological map
sheet Aa 1 64 Hemse.
Exposure I m W of the road at the intersection of the road side ditch
and the drainage ditch that cross es the road 750 m WSW of
Grymlings.
Klinteberg Beds, lower-middle part. Beds with Hindeodella snajdri.
Age: Late Wenlockian.
Note: This is the most southwesterly exposure available for the
Klinteberg Beds except for Karlsiiarna.
HAGAN A s l . Slite Beds, Slite Mari ( the part which is contempora
neous with unit I) and unit g. The lowermost exposed Slite Mari
contains Kockelella walliseri. Age: Early Wenlockian.
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Rejerences: Laufeld 1 9 74a, b O; Larsson 1 979; Bergman 1 98 1 , 1 982;
Sundquist 1 98 1 , 1 982b.

1 9 74a, bO; Larsson 1 9 79.

Exposures (fresh in 1 9 7 1 ) in a N-S running ditch 1 50 m SE Karne
( that Karne which is on the south slope of Burgen) . West of the ditch
litere is an E-W boundary between two fields. The contact is found 30
m north of this boundary.
Hemse Beds, Hemse Mari uppermost part and Eke Beds, basal part.
The Hemse Beds contain the Pelekysgnathus dubius fauna. Age: Ludlovi
an; Late Leintwardinian.

H Å LLAGRUND l . Hiigklint Beds, unit e and Slite Beds, unit e. Age:
Early Wenlockian.
References: Laufeld 1 9 74a, b * .

Age: Wenlockian.
References: Laufeld 1 9 74a, b * .

HÅ GVIDE l . Hemse Beds, Hemse Mari SE part. Polygnathoides
siluricus Zone. Age: Ludlovian; Leintwardinian .
References: Harper 1 969: 1 88 (USNM Loe. 1 0026) not Fig. 3; Laufeld

HALLBRO SLOTT 6 . 63860 1 64 1 7 (CJ 3 1 04 8530) , c a 4500 m W
and slightly S of Vasterhejde church . Topographical map sheet 61
Visby NO. Geological map sheet Aa 1 83 Visby & Lummelunda.
Seetion 300 metres E of Allhagemyr. For a measured section, see
Hedstriim 1 9 1 0, Pl. 55.
Reference level: The lower boundary of Hedstriim's ( 1 9 1 0) 'Leperditia
shale', about 1 .8 m thick, and consisting of marly limestone and marI.
Slite Beds, units c, e, and g. Samples: G 73- 1 2 , 2.55--2.45 m below the
reference level, strata with Kockelella walliseri; G 73- 1 3, 0 .05--0. 1 5 m
above the reference level; G 73- 1 4, 0.80-0.90 m above the reference
level; G 73- 1 5, 2 . 50 m above the reference level . Age: Early Wen
lockian.
Rejerence: Hedstriim 1 9 1 0, Fig. 5, Pl. 55.
Note: To avoid confusion, I recommend that the localities in the
Hallbro Slott area numbered by Hedstriim 1 9 1 Op. 1 479, should keep
their numbers; therefore this locality is num bered 6 even though it is
the first Hallbro Slott locality to be described in the formal system.
H Å LLINGE 2 . Klinteberg Beds, unit a. Beds questionably with
Hindeodella majdri. Age: Late Wenlockian.
References: Laufeld 1 9 74a, b*.

HALLSARVE l . Hemse Beds, Hemse Mari uppermost part, and Eke
Beds, lowermost part. The Hemse Beds probably contain the
Pelekysgnathus dubius fauna. However, P. dubius itself remains to be
found. Age: Ludlovian; Late Leintwardinian.
References: Laufeld 1 9 74a, bO; J eppsson 1 9 74: 1 0; Larsson 1 9 79;
Cherns 1 982.
HAUGKLINTAR 2 . Klinteberg Beds, lower part. Age: Late Wen
lockian.
References: Laufeld 1 9 74a, b* .
HERRG Å RDSKLINT l . Hemse Beds, unit e. Beds probably with
the Pelekysgnathus dubius fauna. Age: Ludlovian; Late Leintwardinian .
References: Laufeld 1 9 74a, b O; Larsson 1 9 79.
HOBURGEN 2 . Burgsvik Beds, top part and Hamra Beds, unit a.
Age: Ludlovian, Whitcliffian.
References: Laufeld 1 974a, b O ; Jeppsson 1 9 74: 1 3; Larsson 1 9 79;

Claesson 1 9 79; Laufeld & Martinsson 1 98 1 ; Jeppsson 1 982.
HUNNINGE l . Klinteberg Beds, lower-middle part. Beds with
Hindeodella snajdri. Age: Late Wenlockian.
References; Laufeld 1 9 74a, bO; Larsson 1 9 79.
JUVES 2, 3, 4, 5 . Hamra Beds unit c and Sundre Beds, lower part.
Beds with Hindeodella snajdri crispa. Age: Latest Ludlovian.
References: J eppsson 1 9 7 2 : 59, 60; Barnes et al. 1 9 73; Laufeld 1 9 74a,
bO; Jeppsson 1 974: 1 1 , 45, 79; Laufeld & Jeppsson 1 9 76*; Larsson
1 979; Claesson 1 9 79; Jeppsson 1 982.
KÅ LLDAR 2 . 635 1 45 1 654 1 2 (CJ 4095 5 1 72 ) , ca 1 1 50 m W of Linde
church. Topographical map sheet 6J Roma SV. Geological map sheet
Aa 1 64 Hemse.
About 1 . 5 m high, north-facing section in the abandoned quarry
j ust N of Kalder.
Hemse Beds, lower-middle part. Beds with Kockelella variabilis. Age:
Ludlovian; Bringewoodian or possibly earliest Leintwardinian .
Referenees: Hede 1 927b:33 line 3- 1 2; Fåhraeus 1 969: 1 2 .
KÅ RNE 3 . 644770 1 66630 (CJ 5266 4525) , c a 3800 m ESE o f Burs
church. Topographical map sheet 51 Hoburgen NO & 5J Hemse NV.
Geological map sheet Aa 1 56 Ronehamn.

KATRINELUND l . Slite Beds, unit c. Beds with Kockelella walliseri.

KÅTTELVIKEN 5. Hamra Beds, unit b . Beds with Hindeodella
snajdri. Age: Ludlovian; Late Whitc1iffian or slightly younger.
Referenees : Laufeld & Jeppsson 1 976*; Larsson 1 9 79.
KATTHAMMARSVI K l . Hemse Beds, unit a. Age: Early Ludlo
vian.
Referenees: Laufeld 1 9 74a, bO; Laufeld & Martinsson 1 98 1 .
KLAS Å RD l . 633 1 90 1 64580 (CJ 3 1 05 3 1 0 7 ) , ca 3800 m S W ofNas
church. Topographical map sheet 51 Hoburgen NO & 5J Hemse NV.
Geological map sheet Aa 1 52 Burgsvik.
Shore exposure on the bulge of the shore with three shrubby service
trees (Sorbus) at the end of the field road . Sample G 7 1 - 1 50 from 1 0 m N
of these trees.
Hemse Beds, Hemse Mari SE part. Polygnathoides siluricus Zone. Age:
Ludlovian; Leintwardinian.
References: Hede 1 9 1 9 : 20 line 24-p. 21 line 8, loe. 8; Hede 1 942:20,
10c. 2c.
KLINTEBERGET l . Klinteberg Beds, lower-middle parts . Beds
with Hindeodella snajdri. Age: Late Wenlockian.
References: Laufeld 1 9 74a, bO; Larsson 1 979; Claesson 1 979: Laufeld
& Martinsson 1 98 1 ; Jeppsson 1 982.
KLINTEBYS l . Slite Beds, Slite Siltstone ( top) and Halla Beds. Both
Beds contain Hindeodella snajdri Age: Late Wenlockian.
Referenees: Laufeld 1 9 74a, bO; Sivhed 1 976:60; Larsson 1 979;
Bergman 1 979, 1 980; Laufeld & Martinsson 1 98 1 .
KLINTHAGEN l . 64 1 340 1 6 7870 (CK 7000 09 7 5 ) , ca 2 700 m NNE
of Larbro church . Topographical map sheet 7J Fåriisund SO o. NO.
Geological map sheet Aa 1 7 1 Kappelshamn.
Old quarry, ca 650 m SSE St. Vikers .
Slite Beds, unit g. Beds with Kockelella walliseri. Age: Early Wen
lockian.
Reference: Hede 1 933 :43, lines 5--28.
KLOC KAREMYR l . Tofta Beds. Beds with Hindeodella sagitta
rhenana. Age: Early Wenlockian .
References: Laufeld 1 9 74a, b O ; Larsson 1 979.
KLUVSTAJN l . Slite Beds, unit b . Age: Early Wenlockian.
References: Laufeld 1 9 74a, b*'
KULLANDS l . Hemse Beds, Hemse Marl NW part. Age: Ludlovian;
Bringewoodian or Early Leintwardinian.
Referenees: Laufeld 1 9 74a, bO; Laufeld & Jeppsson 1 9 76; Larsson
1 979.
KUPPEN l . Hemse Beds. The beds immediately above the reference
level belong to unit e. A Polygnathoides siluricus Zone fauna occurs up to
0. 1 1 m above the reference level, followed by beds with the Pelekys
gna!ht - dubius fa una. Age: Ludlovian; Leintwardinian.
Referenees: Laufeld 1 9 74a, bO; Larsson 1 979; Jeppsson 1 982.
KUPPEN 2 . Hemse Beds. Age: Ludlovian; Leintwardinian .
References: Laufeld 1 9 74a, b O ; Kershaw & Riding 1 9 78, Figs . 5, 1 2;
Laufeld & Martinsson 1 98 1 ; Kershaw 1 98 1 ; Jeppsson 1 982.
LANGHAMMARSHAMMAR I . ' Hiigklint Beds, lower-middle
part. Beds with Kockelella? ranuliformis. Age: Early Wenlockian.
References: Laufeld 1 9 74a, b*'
LANSA 2 . 642560 1 69423 (CK 8645 2075 ) , ca 3000 m W of Fårii
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church. Topographical map sheet 7J Fåriisund 80 & NO. Geological
map sheet Aa 1 80 Fårii.
Ditch exposure 0- 1 00 m 8 of the road, about 400 m 8E the
crossroads 650 m E of Lansa and 1 1 00 m 8 of Marpes. 8ample
G 7 3-70 from I m 8 of the road .
Slite Beds, unit f, Rhipidium tenuistriatum beds. Beds with Kockelella
walliseri. Age: Early Wenlockian.
Reference: Hede 1 936, p. 28, line 30-p. 29 line 9.
LAUTER8HORN8VIK 2 . Hiigklint Beds, the middle of the three
Hiigklint units on Fårii described by Hede ( 1 936) ; lower-middle part
(Laufeld 1 9 74b) . Beds with Hindeodella sagitta rhenana. Age: Early
Wenlockian.
References: Laufeld 1 974a, b * .
LAUTER8HORN8VIK 3 . Hiigklint Beds, t h e upper part o f the
middle of the three Hiigklint units on Fårii described by Hede ( 1 936) ;
lower-middle part ( Larsson 1 979) . Beds with Hindeodella sagitta
rhenana. Age: Early Wenlockian.
Reference: Larsson 1 979*'
LERBERGET ( I need to revisit the locality to be able to refer my
locality to those described by Laufeld 1 974b) .
LEV IDE 3. 635246 1 64760 (CJ 3440 5 1 43 ) , ca 1 200 m 8W of Levide
church. Topographical map sheet 61 Visby 80. Geological map sheet
Aa 1 64 Hemse.
Exposure in the ditch along the western edge of the small forest, 47 m
8 of the private road that passes Hagalund, 350 m NE that farm.
Hemse Beds, Hemse Mari NW part. Beds with Kockelella variabilis.
Age: Ludlovian; probably Bringewoodian.
LILLA HALL VARD8 I . Hemse Beds, Hemse Mari NW part. Beds
with Kockelella absidata. Age: Early Ludlovian.
References: Laufeld 1 974a, bO; Larsson 1 979; Jaeger 1 98 1 ; Laufeld &
Martinsson 1 98 1 .
LJUGARN l . Hemse Beds upper part, probably unit d , i n that
limes tone there is a fissure filling ofHemse Mari, 8E part (mapped as
fine-grained limestone by Watkins 1 97 5 ) . The latter unit belongs to
the Polygnathoides siluricus Zone. Age: Ludlovian; the fissure filling is
Leintwardinian.
References: Laufeld 1 9 74a, bO; Watkins 1 97 5 .
LOGGARVE l . 636574 1 648 1 3 (CJ 3 5 9 7 6468 ) , c a 2800 m NE of
Klinte church. Topographical map sheet 61 Visby SO. Geological
map sheet Aa 1 60 Klintehamn.
The most westerly roadside section south of the old road from
Loggarve towards Hejde, about 400 m E ofLoggarve, about 25 m E of
the forest edge.
Reference level: The Mulde-Klinteberg boundary.
Mulde Beds, topmost part (about O. l m) and Klinteberg Beds (about
2.5 ml , lowermost part. In the Mulde Beds occurs Hindeodella snajdri.
Age: Late Wenlockian.
References: Hede 1 92 7 a : 3 7 line 1 4 ( to the area in general) and p. 38
lines 1 5- 1 6 ( to the area in general ) ; J eppsson 1 982.
LUKSE l. Hemse Beds, Hemse Mari NW part. Age: Ludlovian;
probably Bringewoodian or Leintwardinian.
References: Laufeld 1 9 74a, bO; Larsson 1 979.
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MILLKLINT 3. Hemse Beds, unit e, i.e. Millklint Limestone.
Polygnathoides siluricus Zone. Age: Ludlovian; Leintwardinian.
Referenees: Laufeld 1 974a,b * ; Jeppsson 1 974: 7 ; Laufeld & Jeppsson

1 976.
MILLKLINTDALEN 2 . Hemse Beds, unit e, i.e. Millklint Lime
stone. Age: Ludlovian, Late Leintwardinian.
References: Laufeld 1 9 74a, bO; Laufeld & Jeppsson 1 976.
M O LLBOS I. Halla Beds, unit b. Beds with Hindeodella snajdri. Age:
Late Wenlockian.
References: Laufeld 1 9 74a, bO; Laufeld & Jeppsson 1 9 76; Larsson
1 979; Claesson 1 979; Laufeld & M artinsson 1 98 1 ; Stridsberg 1 98 1 a,
b; Lilj edahl 1 98 1 , 1 983.
M O LNER I. Mulde Beds, upper part. Strata with Hindeodella snajdri.
Age: Late Wenlockian.
References: Laufeld 1 9 74a, bO; Larsson 1 979.
NYG Å RDSB A CKPROFILEN l . 638880 1 644 1 7 (CJ 3374 8794) , ca
2970 m NW of Vasterhejde church . Topographical map sheet 61
Visby NO. Geological map sheet Aa 1 83 Visby & Lummelunda.
Brook section at the mouth ofNygårdsbacken (backen the brook)
and shore section 8W ofit) My samples are taken 5 to 10 m from the
ravme.
Lower Visby Beds, upper part (at least 2.3 m exposed) , and Upper Visby
Beds. Age: Earliest Wenlockian.
References: Hedstriim 1 9 1 0: 1 463, 1 474; Hede 1 940: 1 3; Jeppsson
1 982.
=

NYMÅ NETORP l . Hiigklint Beds, unit b, upper part. Beds with
Hindeodella sagitta rhenana. Age: Early Wenlockian.
References: Laufeld 1 9 74a, b O ; Laufeld & Martinsson 1 98 1 :6.

OIVIDE l . Slite Beds, unit f, i.e. Rhipidium tenuistriatum Beds. Strata
with Kockelella walliseri. Age: Early Wenlockian.
References: Laufeld 1 9 74a, bO; Larsson 1 979; Jeppsson 1 982.
O STERGARNSHOLM l . Hemse Beds, unit d? Age: Ludlovian;
Leintwardinian.
Referenees: Laufeld 1 9 74a, b O ; Larsson 1 979.
O STERGARNSHOLM 2 . Hemse Beds, unit d? Age: Ludlovian;
Leintwardinian.
References: Laufeld 1 974a, bO; Larsson 1 9 79.
O STERGARNSHOLM 3 . Hemse Beds, unit d? Age: Ludlovian;
Leintwardinian .
The locality will be described by Bjiirn Sundquist.
O VERBURGE l . 6352 1 5 1 65 1 46 (CJ 3820 5085) , ca 1 680 m NW of
Fardhem church. Topographical map sheet 6J Roma SV. Geological
map sheet Aa 1 64 Hemse.
Exposure on the eastern side of the ditch, 10 m S of the ditch and
ro ad intersection 300 m NW O verburge.
Hemse Beds, Hemse Mari NW part. Beds with Kockelella variabilis.
Age: Ludlovian; Bringewoodian or Leintwardinian.
RANGSARVE l . Hemse Beds, upper part. Beds with Polygnathoides
siluricus. Age: Ludlovian; Leintwardinian.
Referenees: Laufeld 1 9 74a, bO; Laufeld & Jeppson 1 9 76; Larsson
1 979; Claesson 1 979; Laufeld & Martinsson 1 98 1 .

MARTILLE 7 . 638472 1 643 7 1 (CJ 3298 8390) , ca 4 1 50 m (W)NW of
Stenkumla church. Topographical map sheet 61 Visby NO. Geologi
cal map sheet Aa 1 83 Visby & Lummelunda.
20 m E of road 1 40 and 20 m N of the private road to Martille; the
bedrock occurs 0.5 m below the surface.
Slite Beds, unit d . Beds with Hindeodella sagitta rhenana. Age: Early
Wenlockian.
Reference: Hede 1 940:49, lines 9- 1 0 .

RONEHAMN 3 . 634 1 52 1 66 1 8 1 (CJ 478 393 ) , ca 4800 m SSE
Ronehamn church. Topographical map sheet 51 Hoburgen NO & 5J
Hemse NV. Geological map sheet Aa 1 56 Ronehamn.
Excavation 500 m WSW the harbour of Ronehamn.
Eke Beds, uppermost part. Age: Ludlovian; Whitcliffian.
Reference: Jeppson 1 974: 1 1 , 1 2, 1 3 .

MILLKLINT l . Hemse Beds, unit e, i . e . Millklint Limestone.

RO NNKLINT l. 64 1 1 75 1 65 700 (CK 4828 0984), ca 3 750 m N (and
slightly W) of Lummelunda church. Topographical map sheet 7J
Fåriisund SV & NV. Geological map sheet Aa 1 8 3 Visby &
Lummelunda.

Polygnathoides siluricus Zone. Age: Ludlovian; Leintwardinian.
References: Laufeld 1 9 74b*; Jeppsson 1 969, Figs. I A-F, 2 A-F,
1 972, Fig. I A ( tr) , B , Pl. 1 :25-30, 1 9 74; Larsson 1 9 79.

RONNINGS l . Eke Beds, upper part. Age: Ludlovian; Whitcliffian.
References: Laufeld 1 9 74a, bO; Larsson 1 979: Jeppsson 1 982.
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1 44 Lennart Jeppsson
Cliff section in the channe! down the cliff face j ust south of the reef
that forms Ronnklint.
Reference level: The bentonite leve! about 6 m above base ofsection (
about 8 m above sealevel) . There is another major bentonite 2 . 50 m
higher up, and a thick limestone bed 3 . 5 m further up.
Lower Vishy Beds, Upper Vishy Beds, and Hiigklint Beds. The main part
of the Lower Visby Beds contains the Pterospathognathus amorphognathoi
des Zone. Age: The age of the strata exposed is Llandoverian, late
Telychian (C6 ) , and Early Wenlockian. The Lower Visby Beds span
the boundary between the Llandoverian and the Wenlockian.
Referenees: Hede 1 940: 1 3, lines 1 6- 1 7 ; Brood 1 982 : 1 8- 1 9, 24-25.
=

SIGVALDE 2 . 636070 1 66462 (CJ 5 1 95 583 3 ) , ca 2680 m ENE of
Ete!hem church. Topographical map sheet 6J Roma SV. Geological
map sheet AA 1 56 Ronehamn.
Inland diff section ca 470 m E of the eastern end of Sigvalde trask
andj ust south of the road. For a photograph of the locality, see Munthe
1 9 1 0, Fig. 26 or Hede 1 925b, Fig. 1 0 .
Hemse Beds, lower-middle part (probably unit c and perhaps both
that and unit d) . Age: Ludlovian, probably early.
Reference level: The upper limit of the Ilionia limestone as drawn in
Munthe 1 9 1 0, Fig. 26 ( Hede 1 925b, Fig. 1 0 ) .
Reference point: The fissure visible 3 c m from the left margin o f the
photograph in Munthe 1 9 1 0, Fig. 26 and Hede 1 925b, Fig. l O .
References: Munthe 1 9 1 0: 1 432, Fig. 2 6 ; Hede 1 925b : 1 6, line 2 1-3 1 ,
Fig. l O; Martinsson 1 962:56, the second locality mentioned under
Sigvalde.
=

SIMUNDS I . Slite Beds, unit g. The lowermost beds contain
Kockelella walliseri. Age: Early Wenlockian.
Reference: Laufeld & Martinsson 1 98 1 :6*.

SION I. Slite Beds, unit f, i.e. Rhipidium tenuistriatum Beds. Beds with
Kockelella walliseri. Age: Early Wenlockian.
References: Laufe!d 1 974a, b * .
SLITEBROTTET l . Slite Beds, Slite Marl and Slite g. Age:
Wenlockian.
References: Walmsley 1 965:469, Pl. 62: 23-2 7, 33-35; Laufeld 1 9 74a,
bO; Walmsley & Boucot 1 9 75:65, Pl. 3 : 9- 1 1 ; Eisenack 1 975, Fig. 1 8 ;
Larsson 1 979.
SLITEBROTTET 2 . Slite Beds, Slite Marl, i.a. the parts correspon
ding to the Slite f. Beds with Kockelella walliseri. Age: Early Wenlockian.
Referenees: Laufe!d 1 9 74a, bO; Claesson 1 979.
SNAUVALDS l . Hemse Beds, Hemse Marl NW part. Age: Ludlovi
an; Bringewoodian or, more probably, Early Leintwardinian.
References: Laufe!d 1 9 74a, bO; Larsson 1 979.
SNODER 3 . 634805 1 64490 (CJ 3 1 35 4725 ) , ca 2500 m NO of Silte
church. Topographical map sheet 5 1 Hoburgen NO & 5J Hemse NV.
Geological map sheet 1 64 Hemse.
Low (about 1 . 5 m) section from the bottom ofa small ditch down to
below the water leve! in the Snoder-a drainage ditch, 5 m S of the ditch
and road intersection, on the private road between Snausarve and
Snoder.
Hemse Beds, Hemse Marl NW. Beds with Kockelella variahilis? Age:
Ludlovian; Bringewoodian or Early Leintwardinian .
References: Hede 1 927b:26, line 29-p. 2 7 , line 5 (list of over 50 taxa of
macrofossils and ostracodes based on excavated material from this
locality and others) ; Mori 1 970:23, Ioc. 1 3 1 (excavated material from
the di tch) ; J eppsson 1 982.
SOJVIDE I . Slite Beds, unit f, i.e. Rhipidium tenuistriatum Beds. Beds
with Kockelella walliseri. Age: Early Wenlockian.
Reference: Larsson 1 979* .
STORA MYRE l . Slite Beds, unit d. Beds with Kockelella walliseri?
Age: Early Wenlockian.
Referenees: Laufeld 1 9 74a, bO; Larsson 1 979.
STORBURG I . Hamra and Sundre Beds. Age: Latest Ludlovian.
References: Laufeld 1 9 74a, bO; Larsson 1 979.
STRANDS l . Hamra Beds, unit b. Beds with Hindeodella snajdri crispa.
Age: Latest Ludlovian.
References: Laufeld 1 9 74a, bO; Larsson 1 979.

SUTARVE 2 . Klinteberg Beds, unit f, top. Age: Early Ludlovian.
Referenees: Laufe!d 1 9 74a, bO; Laufe!d & Jeppsson 1 9 76.
SVARVEN l . Ho�klint Beds, unit b. Beds witli Hindeodella sagitta
rhenana and Kockelella? ranuliformis. Age: Early Wenlockian.
Referenees: Laufeld 1 9 74a, bO; Larsson 1 979.
SYSNE I . Hemse Beds, unit d ? Age: Ludlovian; Late Leintwardinian.
Reference: Larsson 1 97 9* .
TJELDERSHOLM I. Slite Beds, Pentamerus gothlandicus Beds, and
immediately younger beds (but not A trypa reticularis Beds) . Age: Late?
Wenlockian.
References: Laufeld 1 9 74a, bO; Larsson 1 979.
TUTEN l . 635 702 1 67280 (CJ 5962 5408 ) , ca 3900 m NE of Lau
church. Topographical map sheet 6J Roma SV. Geological map sheet
Aa 1 56 Ronehamn.
Blocks on the 'piers' of the 'harbour' at Tuten, excavated when it
was deepened.
Hemse Beds, Hemse Marl, SE part. Polygnathoides siluricus Zone. Age:
Ludlovian; Leintwardinian.
UDDVIDE 2. Burgsvik Beds, upper part and Hamra Beds, basal
part. Age: Ludlovian; Whitdiffian.
Referenees: Laufeld 1 9 74a, b * ; Jeppsson 1 974: 1 3; Larsson 1 975: 1 29.
URGUDE 2 . 63502 1 1 64333 (CJ 2995 4943 ) , ca 1 800 m W ofSproge
church. Topographical map sheet 61 Visby SO. Geological map sheet
Aa 1 64 Hemse.
Ditch exposure, 47 m west of the road that runs NNW to St.
Norrgårde, in the ditch that runs east-west south of Tj angdarve.
Hemse Beds, Hemse Marl NW part. Age: Early Ludlovian.
VAKT Å RD 3 . 633370 1 64594 (CJ 3 1 30 3285 ) , ca 2900 m WSWW of
Nas church. Topographical map sheet 51 Hoburgen NO & 5J Hemse
NV. Geological map sheet Aa 1 52 Burgsvik.
Shore exposure about 1 00 metres N of the pier. There are four small
former fishing houses at Vaktård, the two middle ones dose to each
other near the pier. The northern one looks very old. North and
northwest of it there are two very small bulges on the shoreline and
north of these a very small point. Sample G 7 1- 1 48 is from the central
of these three protusions.
Hemse Beds, Hemse Marl, SE part. Polygnathoides siluricus Zone. Age:
Ludlovian; Leintwardinian.
References: Hede 1 9 1 9 : 1 9 line I l-p. 20 line 23, Ioc. 7 ; Hede 1 942:20,
loc. 3c.
VALE l . 64 1 1 8 5 1 66046 (CK 5 1 68 096 7 ) , ca 1 975 m NW ofStenkyrka
church. Topographical map sheet 7J Fårosund SV & NV. Geological
map sheet Aa 1 83 Visby & Lumme!unda.
Temporary exposure, immediately south of the road from road 1 49
to Vale, about 700 m from road 1 49, and slightly doser to the western
than the eastern end of the straight part of the road.
Tofta Beds, probably lower part. Age: Early Wenlockian.
VALLMYR I . Klinteberg Beds, unit d. Beds with Hindeodella snajdri.
Age: Wenlockian, very dose to the end .
Reference: Larsson 1 97 9* .

VA ST O S K L I N T I. Hogklint Beds, units b and c. Beds with
Kockelella? ranuliformis and Hindeodella sagitta rhenana. Age: Early

Wenlockian.
References: Laufeld 1 9 74a, bO; Laufeld & Jeppsson 1 976; Larsson

1 979.
VATTENFALLSPROFILEN I (VATTENFALLET) . Lower and
Upper Visby Beds, and Hogklint Beds. Beds with Pterospathodus
pennatus procerus, Kockelella? ranuliformis and Hindeodella sagitta rhenana.
Age: Early Wenlockian.
Referenees: Hedstrom 1 904:93, line I l-p. 96, line 1 7, 1 923b: 1 95, Fig.
2; Hede 1 925 : 1 5, line 18 from below-p. 1 6, line 3; Martinsson
1 972: 1 28- 1 29; Laufeld 1 974b * ; Bassett & Cocks 1 974:5; Laufeld &
Jeppsson 1 976; Franzen 1 9 7 7 :223, 226; Larsson 1 979; 43 papers in
Jaanusson, Laufeld & Skoglund 1 979 (eds . ) ; Claesson 1 979; Bengtson
1 98 1 ; Jeppsson 1 982; Brood 1 982:48, Pl. 9 : 3 .

New developments in conodont biostratigraphy
of the Silurian of C hina
LIN BAO-YU
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Lin Bao-yu 1 983 1 2 1 5 : New developments in conodont biostratigraphy of the Silurian of China.
Fossils and Strata, No. 1 5, pp. 1 45- 1 4 7 . Oslo. ISSN 0300-949 1 . ISBN 82-000673 7-8.

Abundant Silurian conodont faunas occur in China and, base d o n their stratigraphic
distribution, ten zones can be recognized . In ascending stratigraphic order, the zones are: ( I )
Spathognathodus obesus Assemblage Zone; ( 2) Spathognathodus parahassi - S. guizhouensis Assemblage
Zone; ( 3 ) Pterosphathodus celloni Zone; (4) Pterospathodus amorphognathoides Zone; (5) Spathognathodus
sagitta bohemicus Zone; (6) Kockelella variabilis Assemblage Zone; ( 7 ) Ancoradella ploeckensis Zone; (8)
Polygnathoides siluricus Zone; (9) Spathognathodus crispus Zone; ( 1 0) Ozarkodina remseheidensis
eosteinhornensis Zone. Zones 1 -3 are ofLiandovery age, zones 4 and 5 are ofWenlock age, zones 6-9
are of Ludlow age and zone 1 0 is of Pridoli age. The Silurian conodont faunas of China are most
closely related to those of Europe, and both may belong to an Atlantic biostratigraphic
province. D Conodonta, biostratigraphy, Silurian, China.
Lin Bao-yu, Institute of Geology, Chinese A cademy of Geological Sciences, Beijing, China; 21st May, 1982.

It has been shown that the importance of conodonts in the
subdivision of Silurian strata is second only to that of
graptolites. Conodonts are particularly important in the
subdivision and correlation of Silurian strata of the shelly
faeies. The work of Walliser ( 1 964, 1 97 1 ) , Aldridge ( 1 972,
1 975) , Aldridge et al. ( 1 979) , and Nicoll & Rexroad ( 1 969) on
biostratigraphy of Silurian conodonts in Europe and North
Ameriea has provided significant conodont zonations for these
areas .
: Silurian deposits, especially those of the shelly facies, are
widely distributed in C hina ( Lin 1 979) , thus providing
c;:xcellent conditions for the study of Silurian conodonts.
Research on Silurian conodonts in C hina has j ust been
initiated and has thus lagged ten to fifteen years behind work in
western Europe and North Ameriea. It has, however, devel
oped rapidly in the last few years and research has now be en
carried out in Yunnan, Guizhou and Tibet by Wang ( 1 980) ,
Zhou et al. ( 1 98 1 ) , Qiu ( 1 982) and Lin & Qiu ( 1 983) ,
respectively. A preliminary sequence of Silurian conodont
zones has been established after comprehensive study of the
dat<l thus obtained. The conodont sequence will play a very
important role in the subdivision ofSilurian strata of the shelly
faeies ili C hina. Based on the presently available data, the
Silurian conodont sequence in China can be subdivided into
ten zones . The main faunal elements and geographie occur
rence of each of these zones are described below, in ascending
stratigraphic order.
( 1 ) Spathognathodus obesus Assemblage Zone. This zone is
recognized in the Lower Silurian Xiangshuyan Formation in
northeast Guizhou Province, China ( Zhou et al. 1 98 1 ) . The
maj or faunal elements are: Spathognathodus obesus Zhou, Zhai &
Xian, Paltodus atT. P. migratus Rexroad, Cyrtoniodus sp., Aphelo
gnathus sp., Acodus curvatus Branson & Branson and Panderodus
unicostatus (Branson & Mehl ) .

( 2 ) Spathognathodus parahassi - S . guizhouensis Assemblage Zone.
This can be subdivided into two subzones. The lower subzone
is called the Spathognathodus parahassi Subzone and it has been
recovered from the Baisha Formation and the Rongxi Forma
tion ofGuizhou Province ( Zhou et al. 1 98 1 ) . The major faunal
elements are: Spathognathodus parahassi Zhou, Zhai & Xian,
Exochognathus brassfieldensis (Branson & Branson) , Ozarkodina
edithae Walliser, Microcoelodus egregius (Walliser) , and Pandero
dus sp.
The upper subzone is called the Spathognathodus guizhouensis
Subzone and it is recognized in the lower part of the Xiushan
Formation of Guizhou Province ( Zhou et al. 1 98 1 ) . The main
faunal elements are: Spathognathodus guizhouensis Zhou, Zhai &
Xian, Hadrognathus cf. H. staurognathoides Walliser, Exocho
gnathus caudatus (Walliser) , E. brassfieldensis (Branson & Bran
son) , Ozarkodina hanoverensis Nicoll & Rexroad, and Hibbardella
shiqianensis Zhou, Zhai & Xian .
( 3 ) Pterospathodus celloni Zone. Elements of this zone have been
recovered from the upper part of the Xiushan Formation in
Guizhou Province ( Zhou et al . 1 98 1 ) and the upper part of the
Dewukaxia Formation in Xianza region, Tibet ( Qiu 1 982) .
The major elements are: Dapsilodus obliquicostatus (Branson &
Mehl ) , Ozarkodina excavata excavata (Branson & Mehl) , Pande
rodus serratus Rexroad, Spathognathodus hassi Pollock, Rexroad &
Nicoll, P. celloni (Walliser) , and Apsidognathus tuberculatus
Walliser. In Guizhou, P. celloni is associated with Sichuanoceras
suggesting a Wenlock age, whereas it seems to occur at a lower
level (without Sichuanoceras) in the Xianza region, Tibet; in
Malaysia it is assoeiated with P. amorphognathoides (Igo &
Koike 1 968) . These data suggest that the upper boundary ofP.
celloni range may be diachronous.

(4) Pterospathodus amorphognathoides Zone. This is known from
the base of the Kede Formation in Pazhuo distriet, Tingri
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County, Tibet ( Lin & Qiu 1 983) and from the lower part of the
Renheqiao Formation in the western part of Yunnan (Ni
et al. 1 982) . The major elements are: Pterospathodus amorpho
gnathoides Walliser, Spathognathodus pennatus procerus Walliser,
and Panderodus gracilis ( Branson & Mehl) . In the western part
of Yunnan, S. pennatus procerus is associated with Monograptus
jlexilis (Wang & Wang 1 98 1 ) . Wang & Wang ( 1 98 1 ) believe
that this zone is younger in C hina than it is in Europe and
North America, possibly corresponding to graptolite zone 29
of the British sequence.
(5) Spathognathodus sagitta bohemicus Zone. At present, this
species is only known from the midd le and upper parts of the
Kede Formation in Tingri County, Tibet ( Lin & Qiu 1 983) .

(6) Kockelelta variabilis Assemblage Zone. I t is known from the
Zhongcao Formation in the lower part of the U pper Silurian in
Shidian, Yunnan Province (Ni et al. 1 982) and from the Keya
Formation in Nyalam County, Tibet ( Lin & Qiu 1 983) .
Typical faunal elements of the zone include: O::.arkodina
excavata excavata (Branson & Mehl) , Panderodus liratus Nowlan
& Barnes, P. gracilis (Branson & Mehl) , Dapsilodus obliquicosta
tus (Branson & Mehl) and Kockelelta variabilis Walliser. K.
variabilis is generally limited to the interval from the late
Silurian O. crassa through P. siluricus zones .
( 7 ) Ancoradelta ploeckensis Zone. I t has only been found in the

Keya Formation in the lower part of the U pper Silurian in
Nyalam County, Tibet ( Lin & Qiu 1 983) .
(8) Polygnathoides siluricus Zone. It is known only from the Keya
Formation in Nyalam County, Tibet ( Lin & Qiu 1 983 ) .
(9) Spathognathodus crispus Zone. I t was first recognized i n the
upper part of the Silurian Bailongjiang Formation in Tewo
County, Gansu Province (Wang & Wang 1 98 1 ) . It is now als o
known from the Miaogao formation in Quj ing, Yunnan
Province (Wang 1 980) . The main faunal elements of the zone
are: Spathognathodus crispus Walliser, Hindeodelta priscilta Stauf
fer. This zone has recently been reported from the Yulongsi
Formation ( Wang 1 98 1 ) .

( 1 0) O::.arkodina remseheidensis eosteinhornensis Zone. The species
assigm:d to thi� zone have been found in the Camarocrinus
asiaticus beds in the upper part of the Renheqiao Formation in
the west of Yunnan Province (Ni et al. 1 982) . The main
components of the zone are: O::.arkodina excavata excavata
(Branson & Mehl ) , O. remscheidensis eosteinhornensis (W alliser) .
The taxa assigned to this zone have also been recovered from
the Pazhuo Formation in Tingri County, Tibet ( Lin & Qiu
1 983) and some elements have been found at the top of the
Gayang Formation ( Lin & Qiu 1 983 ) . In Tibet the main
faunal constituents are: O::.arkodina remscheidensis eosteinhornensis
(Walliser) , O. conjluens Branson & Mehl and O. excavata
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excavata ( Branson & Mehl ) . It is interesting to note that the
mainly early Devonian Icriodus woschmidti Ziegler is also
recovered with this fauna. This speeies is known from the latest
Silurian but not in co-occurrence with O. remseheidensis eostein
hornensis ( Walliser ) , therefore its recovery here rai ses some
problems in the placement of the Silurian-Devonian bounda
ry in the Pazhuo Formation.

The correlation of the Silurian conodont zonal sequence in
C hina with that in E urope and North Ameriea is shown in Fig.
l . Based on data currently available it is apparent that Silurian
conodont faunas of China are most similar to those of the
C arnic Alps in Europe and differ considerably from those of
North Ameriea. Thus China and Europe may belong to the
same biogeographic province.
Acknowledgements. - The writer is indebted to Dr. Godfrey S.
Nowlan, Geological Survey of Canada, Drs. Lennart Jeppsson and
Anita Lofgren, U niversity of Lund, and Dr. Carl B. Rexroad, I ndiana
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Paedomorphosis in the conodont family I criodontidae
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Broadhead, Thomas W. & MeComb, Ronald 1 983 1 2 1 5 : Paedomorphosis in the conodont family
Ieriodontidae and the evolution of Ieriodus. Fossils and Strata, No. 1 5, pp. 1 49- 1 54. Oslo ISSN
0300-949 1 . ISBN 82-0006737-8.
The genus leriodus probably evolved from Pedavis by paedomorphie loss of anterior lateral
proeesses through neoteny. Loss of the posterior spur eharaeteristie of the l. lateriereseens group
also was a probable neotenie proeess that led to most speeies of Middle and Late Devonian
Ieriodus, although similarity between Early Devonian speeies laeking a posterior spur and coeval
speeies of Pelekysgnathus does not eliminate the possibility ofa polyphyletie origin for lcriodus. Two
major inereases in speeies diversity oeeurred, in the Early Devonian for l. lateriereseens group
spe eies with posterior spurs, and in the late Early Devonian or early Middle Devonian for those
laeking posterior spurs. O Conodonta, Ieriodus, Pedavis, evolution, paedomorphosis, Lower Devonian.
Thomas W. Broadhead, Department of Geologieal Seiences, University of Tennessee, Knoxville, Tennessee
37996-1410, USA ; Ronald MeComb, Exxon Company USA, Houston, Texas 77001, USA ; 15th Detober,
1982.

The genus lcriodus appears suddenly in the stratigraphic
record (latest Silurian, Pridoli) , and the initial speeies, l.
woschmidti, rapidly achieved virtual worldwide distribution.
The ease in correlating the l. woschmidti Zone on an interconti
nental scale is biostratigraphically important because its base
serves as an approximate �orrelative of the Silurian-Devonian
boundary in many stratigraphic sequences that are devoid of
graptolites.
Little attention has been devoted previously to examination
of evolutionary trends and proeesses in conodonts excepting
the recognition of presumed ancestor-descendant relation
ships. Many biostratigraphically important speeies such as l.
woschmidti appear without obvious ancestrai forms and have
been regarded as cryptogens . Ancestor-descendant speeies or
genera have be en recognized by relatively high degrees of
morphologic similarity in both apparatus composition and
individual rapidly evolving elements (usually Pa and Pb) .
Sudden morphologic shifts that produced innovative forms
must be evaluated both in terms of presumed closely related
forms (reflected in the taxonomy) and in the context of
ontogenetic development of both possible ancestor and
descendant morphologies .

Evolutionary patterns and proeesses
Natural selection acts upon individuals throughout their life
histories . Selective pressures that result in morphologic
change ofskeletal elements produee the evolutionary changes
observed in the fossil record, although responsible selective
pressures may not be discernible. Either increase in mor
phologic complexity or decrease in complexity may result
from seleetion, and the latter commonly is expressed as a
carry-over of j uvenile features of proportions into fully ma
ture adult stages (for a thorough discussion, see Gould 1 977) .
Morphologic elaboration during ontogeny is commonly

recapitulative, wherein ontogenetic stages reflect the phy
logenetie succession of ad ult ancestrai morphologies. Main te
nance of morphologic simplification (i.e. j uvenile mor
phologies) during ontogeny is paedomorphosis . Both of these
patterns are observable in conodonts, with paedomorphosis
especially important in the development of progressively
simplifying lineages .
Gould ( 1 9 7 7 : 229) briefly summarized the proeesses
responsible for and the morphologic results of the two kinds of
paedomorphosis : progenesis and neoteny. In the first case,
reproductive maturity is reached at an early age before
complete development of somatic structures . Such progenetie
individuals com mon ly appear small, sexually mature, but
otherwise possessing j uvenile characteristics which failed to
elaborate much following reproductive maturity. Gould noted
( 1 9 7 7 : 324) that many Recent progenetie speeies inhabit
ephemeral environments where high fecundity is important
for the survival of only a few individuals . Such conditions
might influence evolution among conodonts living in other
wise unfavorable environments, sueh as those subj ect to rapid
salinity fluctuations.
Neotenic development is the result of retarded elaboration,
but commonly not retarded size increase, of morphologic
features without an alteration of the timing ofsexual maturity
(Gould 1 97 7 : 229) . Resulting individuals tend to be of normal
adult size, are sexually mature, but possess j uvenile somatic
morphologies . Gould suggested ( 1 97 7 : 29 1 ) that such patterns
may commonly occur within density-dependent communities
that commonly lack broadly fluetuating environmental
factors .

Origin of Icriodus
Previous ideas. - Klapper & Philip ( 1 97 2 : 1 03 ) believed that
speeies of Pedavis comprised ' a generic line completely sepa-

1 50

FOSSILS AND STRATA 1 5 ( 1 983)

Thomas W. Broadhead and Ronald McComb

the genus Pelekysgnathus, as it is broadly conceived, may have
been derived from other genera during four different evolutio
nary events (origin of "P. " index in the Late Silurian, origin of
I. hadnagyi in the Lochkovian, origin of "P. " fumishi group
[now assigned to Sannemannia, see Fig. I] in the Early Devonian
and origin of P. communis in the late Devonian) ' .
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Fig. 1. Evolutionary relationships and speeies diversity o f late Late
Silurian (Pedavis lalialala Zone) - early Late Devonian ( top of
lowermost Polygnathus asymmelricus Zone) genera of Icriodontidae.

Zonation and speeies based upon Klapper & Johnson ( 1 980) for
Devonian and Walliser ( 1 9 7 1 ) for Silurian.

rate from Icriodus' . This philosophy was based upon consider
ably greater complexity in all elements of the Pedavis apparatus
( Klapper & Philip 1 9 7 1 ) and greater similarity of Pa elements
of P. pesavis and P. latialata ( Klapper & Philip 1 97 2 : 1 03 ) .
Klapper & Murphy ( 1 9 7 5 : 5 2 ) suggested the possible origin
of I. woschmidti from Pelekysgnathus index, but noted that
'transitional specimens that would bridge the morphologic
gap, especially between the respective I [ Pa] elements, are
laeking' . Specimens of P. index illustrated by Klapper &
Murphy ( 1 9 75, Pl . 1 2) show a wide variation in breadth of
denticles on the anterior process, but lack a posterior spur
characteristic of I. woschmidti and other I. latericrescens group
speeies . Nicoll ( 1 982: 209) maintained that Pelekysgnathus
dubius (lower Ludlow) and not P. index ( Pridoli) was the
earliest species of Icriodontidae (excluding Icriodella) . Thus it
can be argued either that Pelekysgnathus (sensu Klapper &
Murphy 1 9 75) evolved paedomorphically from Pedavis or that
Pelekysgnathus (sensu Nicoll 1 982) may have been ancestrai to
the more morphologically complex Pedavis ( Fig. I ) .
Chatterton & Perry ( 1 9 7 7 : 792) do not specifically comment
on the origin of Icriodus but suggest a close relationship
between it and Pelekysgnathus. Morphologic similarities be
tween Icriodus and Pelekysgnathus tend to be in degree of
denticulation which tends to be somewhat varible in each,
requiring subj ective j udgements on generic assignment in
some instances (e.g. 1. csakyi of Chatterton & Perry 1 9 7 7 ,
regarded a s a Pelekysgnathus b y Klapper & Johnson 1 980 :45 1 ) .
This lends credibility to the suggestion by Chatterton & Perry
( 1 97 7 : 792) that 'species that could be or have been assigned to
=

Neotenic originfrom PEDA VIS .-The P a element o f species of Ped
avis characteristically possesses two anteriorly directed lateral
processes . Com mon ly the outer of these is smaller or has
reduced, irregular dentition, or both. The inner process is
characteristically fully developed and denticulate and is
generally aligned with the trend of the posterior spur ( Fig. 2A
D) . Anterior lateral processes occur on ly rarely in specimens of
Icriodus, but when present (e.g. Klapper & Ziegler 1 96 7 , Pl. 8 : 5
for I . beckmanni; Carls 1 9 7 5 , P l . l : 1 3 for I . rectangularis lotzei, Pl.
2:22 for I. vinearum, Pl. 3 : 4 1 for I. r. rectangularis; Klapper &
Johnson 1 980, Pl . 2 : 1 6 for I. bilatericrescens) invariably align
with the posterior spur and are located on the inner side. In
most specimens of Icriodus, the form of the posterior part of the
basal cavity reflects this trend in species characterized by well
developed posterior spurs (Fig. 2E-G) and in those lacking a
posterior spur ( Fig. 2 H-L) .
We suggest that the highly significant form of the basal
cavity with respect to anterior lateral processes strongly
supports the argument in favor of the origin of Icriodus from
Pedavis and not from Pelekysgnathus. The probable mechanism
would have been selection against the anterior lateral proces
ses in early developmental stages of Pedavis. Conodont ele
ments (other than simple cones) commonly add denticles
throughout ontogeny so all processes grow by denticle addi
tion and size increase of existing denticles (see Carls 1 9 75, Pl.
l : 1 4 , 15 for comparison ofj uvenile and adult specimens of P.
pesavis) . Development of the anterior lateral processes would
have been arrested early in ontogeny with the remaining
features continuing to increase in size. I n other words,
j uveniles of the earliest species of Icriodus, 1. woschmidti, should
resemble j uveniles of the ancestrai species of Pedavis, but at a
larger size. A similar process probably reduced the denticulate
S elements of Pedavis to nondenticuJate S elements characteris
tic of Icriodus. Because Early Devonian Icriodus are characteris
tically as large as most specimens of Pedavis, a neotenic
derivation is more likely than a progenetic one.
Although no direct ancestor-descendant relations hi p be
tween a species of Pedavis and Icriodus woschmidti has been
established, Pa elements of P. n.sp. E ( Fig. 3A, B, E-G) from
the Lower Devonian (I. woschmidti Zone) of west-central
Tennessee, USA, are similar in some aspects to Pa elements of
1. woschmidti ( Fig. 3 H-J) from the same rocks. Denticulation
patterns of the central anterior processes are remarkably
similar ( compare Fig. 3A, I ) . The form of the posterior spur is
also similar, although the spur of P. n.sp. E 1acks an elongate
form with separate extension of the basal cavity seen in
specimens of P. pesavis and P. latialata.

Evolutionary development of Icriodus
For the purpose of examining evolutionary trends within
Icriodus, Early to early Late Devonian species were divided into
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Fig. 2. Basal cavity form of speeies of Pedavis and lcriodus showing
homology oflateral expansions in posterior region (indicated by thin,
straight lines) . DA. P. latialata (Klapper & Murphy 1 975, Pl.
1 2 : 1 6) . DB. P. pesavis (Carls 1 969, Pl. 1 :2B) . DC, D. P. n . sp. E (outer
lateral proeess not preserved in either) . DE. l. woschmidti (Ziegler
1 960, Pl. 1 5 : 1 8c) . O F . l. steinachensis ( Klapper & Johnson 1 980, Pl.

three groups, each representing a morphologic grade in
development of the posterior end of the platform ( Fig. 4) .
Species that possess a weU-deveioped denticulate posterior
spur ( Fig. 4A) show rapid diversification during the Early
Devonian (I. woschmidti Zone - P. dehiscens Zone) but become
exceedingly rare by the late Early Devonian. Species posses
sing a poorly defined, commonly nondenticulate spur (Fig.
4B) exhibit no time of diversification and are restricted to the
Early Devonian . This group may represent an evolutionary
divergent trend from group A ( Fig. 4A) , but may as weU
. rightfuUy belong with group A based upon other features (e.g.
dentiele pattern) not considered here.
Low diversity characterizes the early history of group C
( Fig. 4C ) until the late Early Devonian, but the greatest
diversification occurred in the Middle Devonian . This rapid
diversification may represent an adaptive radiation into newly
available subenvironments . The origin of spur-less Icriodus
from those with posterior spurs (groups A, B, Fig. 4) was
undoubtedly a neotenic event and the spur-less grade was
probab1y polyphyletic ( Bultynck 1 972) . Very smaU j uveniles
of I. woschmidti from west-central Tennessee lack the posterior
spur, which apparently developed during later ontogeny.
Nonetheless, the existence of many species of group C that
possess a large prominent cusp ( e .g. I. angustoides subspp . )
suggests a possible elose affinity t o species o f Pelekysgnathus,
which characteristicaUy has a large cusp. Close examination
of interrelationships among individual species of Icriodus is

G

2 : 2 1 ) . OG. l. latericrescens n. subsp. A ( Klapper & Ziegler 1 967, Pl.
8:2b) . OH. l. angustoides angustoides (Carls 1 975, Pl. 3:48b) . D I . l.
angustoides castilianus (Carls 1 969, Pl. 3 : l Oe ) . DJ. l. expansus (Klapper
& Johnson 1 980, Pl. 3:9) . DK. l. angustus (Klapper & Johnson 1 980,
Pl. 3:6) . DL. l. corniger rectirostratus (Bultynck 1 9 70, Pl. 3 : I ) . All
speeimens sketched to same scale, x 45 .

beyond the scope o f this report, so that exact relationships, if
any, to Pelekysgnathus have not been suggested . Evolutionary
relationships among species of Icriodus have been suggested by
severai authors ineluding Klapper & Ziegler ( 1 96 7 ) , Bultynck
( 1 972) and Weddige & Ziegler ( 1 9 79) ; the last suggested a
demonstrable relationship between environmental factors
and evolution of Middle Devonian species derived from I.
corniger ( 1 979: 1 62- 1 63 ) .

Evolutionary s y nthesis
Icriodus probably evolved rapidly by neoteny from Pedavis
during the Late Silurian. Because neotenic development may
occur within one or only a few generations, no succession of
intermediate morphologies is likely to be found. Speeies of
Pedavis existed from the Late Silurian into the Early Devonian
and gave rise to Pelekysgnathus, Icriodus , and Sannemannia, but
did not diversify rapidly at any time. Rapid diversification of
spur-bearing species of Icriodus il). the Early Devonian and of
spur-less species in the Middle Devonian attests to the
selective advantage of both morphologies. Differences in
denticulation development commonly characterize species
and are more likely to be observed as temporaUy or geographi
caUy continuous changes than the two maj or shifts in mor
phology discussed here.
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Pa element with broken outer lateral proeess ( Locality l -C , SUl
49408) . OC-D, H-J . Icriodus woschmidti. OC. Lateral view of S
element ( Locality l -D, SUl 499409) . O D . Lateral view of S element
(Locality l -C , SUl 494 1 0) . OH. U pper view of Pa element ( Locality 2,
SUl 494 1 1 ) . D I . Upper view of Pa element ( Locality I -B, SUl 494 1 2 ) .
0J. Upper view o f P a element ( Locality l -C , S U l 494 1 3 ) .

Fig. 3. Late Silurian - Early Devonian conodonts from west-central
Tennessee. Localities, see appendix. All figures magnified x 45 . OA
B, E-G. Pedavis n . sp. E. OA-B . Upper and under sides of Pa element
with broken anterior lateral pro cess es (Locality I -D, SUl
49406) . D E . Upper side of Pa element with broken outer lateral
proeess ( Locality l -A, SUl 4940 7 ) . O F-G. Upper and under sides of
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Pedavis n . sp . E
Fig. 3A, B, E-G.

Systematie affiniry . F amily I criodontidae Muller & Muller
1 95 7 ; Genus Pedavis Klapper & Philip 1 9 7 1 .
-

Material. - Three incomplete Pa elements from west-central
Tennessee, USA.
Derivation of name.
The small number of specimens and
incomplete preservation of Pa elements necessitates placing
this species in open nomenclature.
-

Diagnosis. - Basal cavity broadly expanded, not extended
posteriorly from main part of platform; posterior spur angled
from cusp with respect to main platform; denticle ridges
smooth, with poorly developed median ridge.
Occurrence. - Rockhouse Limestone ( Lower Devonian, l.
woschmidti Zone ) , west-central Tennessee, USA.

Icriodus woschmidti Ziegler 1960
Fig. 3C, D, H-J

Systematie affiniry. Family I criodontidae Muller & Muller
1 95 7 ; Genus lcriodus Branson & Mehl 1 938.
-

Material. - More than 200 complete and fragmental Pa
elements plus denticulate and nondenticulate coniform ele
ments (after Serpagli 1 982) from west-central Tennessee,
USA.
Remarks.- These specimens differ from those illustrated by
Ziegler ( 1 960) in possessing more regularly developed denti
tion and a larger number of denticle rows .

Fig. 4. Stratigraphic distribution of Early to early Late Devonian
(Icriodus woschmidti Zone to lower Polygnathus asymmetrieus Zone) species
of lcriodus. DA. Species with well-developed, denticulate lateral
process : O I . l. woschmidti, 02. l. w . hesperius, 03. l. postwoschmidti, 04.
l. rectangularis, 05. I. r. lot:::e i, 06. l. fallax, 0 7 . l. vinearum, 08. l.
simulator, 09. l. steinachensis, 0 1 0. l. curvicauda, 0 1 1 . l. claudiae, 0 1 2 . l.
sigmoidalis, 0 1 3 . I. latus, 0 1 4. I. bilatericrescens, 0 1 5 . I. nevadensis, 0 1 6.
I. beckmanni beckmanni, 0 1 7 . I. b. sinuatus, 0 1 8 . I. laterierescens robus
tus, 0 1 9, I. l. laterierescens (termination of morphologic charac
ter) . DB. Species with poorly-developed adenticulate to poorly
denticulate posterior lateral process: O l . I. n.sp. G of Klapper
( 1 9 7 7 ) , 0 2 . I. eolaterierescens, 0 3 . I. angustoides alcolae, 04. I. a. cas
tilianus, 0 5 . I. celtiberieus, 06. I. trojani, 0 7 . I. n . sp. O of Johnson &
Klapper ( 1 98 1 ) . OC. Species lacking a posterior lateral process : O l .
I. hadnagyi, 0 2 . I. angustoides bidentatus, 0 3 . I. a . angustoides, 04. I.
taimyricus, 0 5 . I. fusiformis, 06. I. eomiger eomiger, 0 7 . I. e. rectiros
Iratus, 08. I. culicellus, 09. I. eomiger leptus, 0 1 0. I. wemeri, 0 1 1 . I.
norfordi, D l 2 . I. n.sp. I of Klapper & Ziegler ( 1 96 7 ) , D l 3 . I.
angustus, 0 1 4. I. regularicrescens, 0 1 5 . I. struvei, 0 1 6. I. expansus, 0 1 7 .
I. arkonensis, O 1 8 . I. lindensis, O 1 9 . I. obliquimarginatus, 020. I. dif
ficilis, 02 1 . I. brevis, 022. I. symmetrieus, 0 2 3 . I. subterminus, (mor
photype continues to end of Devonian ) .
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Occurrence. - Decatur Limestone ( U pper Silurian? - Lower
Dt'vonian, I. woschmidti Zone) upper 2 m, and Rockhouse
Limestone ( Lower Devonian, l. woschmidti Zone) , west
central Tennesse.
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Appendix: Localities
1 - Parsons Plant Quarry of the Vulcan Materials Company, 4.9 km
north of Parsons, Tennessee, USA, 35°42 ' N 88°6 'W. Excavation in
the quarry has revealed the Decatur Limestone ( O. eosteinhomensis
Zone, l. woschmidti Zone 2 m from top offormation) and the Rockhouse
Limestone (l. woschmidti Zone) and Birdsong Shale (zonation as yet
undetermined ) . Sample l A is from O. l m above the base of the

Rockhouse Limestone, lB is from 1 . 3 m above the base, I C is from 3.4
m above the base and ID is from 3 . 7 m above the b a se.
2 Roadcut on the east side of Tennessee state highway 69, 9.9 km
north of Parsons, Tennessee, USA, 35°44' N 88°6 'W. The contact
between the Decatur Limestone and overlying Rockhouse Limestone
is exposed at the top of the cut. Sample 2 is from 0.4 m above the base of
the Rockhouse.
-

The conodont apparatus of Icriodus woschmidti

woschmidti Ziegler
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lcriodus woschmidti is certainly one of the most representative
conodonts, both because of its stratigraphic importance as a
useful index for defining the Silurian-Devonian boundary and
the fact that it is always easily recognizable, even when present
in not quite complete specimens. Moreover, it is very wide
spread geographically, being found in various areas ofEurope,
Asia, North Africa, North America, and Australia. This
species can therefore be used over a wide geographic area for
correlation.
Four subspecies of Icriodus woschmidti have been proposed :
lcriodus woschmidti woschmidti Ziegler 1 960, l. w. postwoschmidti
Mashkova 1 968, l. w transiens C arls & Gandl 1 969, and l. w.
hesperius Klapper & Murphy 1 97 5 . Of these, l. w. transiens is
now considered a j unior synonym of l. w. postwoschmidti
whereas the other two, although having more or less the same
stratigraphic distribution, are both distinct taxa. l. w. wo
schmidti occurs on all continents s tudied whereas l. w. hesperius
is widespread but more limited in its distribution.

Previous work
The apparatus of Icriodus has been interpreted as having
mainly an icriodiform element and a simple cone, called
Acodina in e1ement-based taxonomy. The possible occurrence
of elements referred to as lcriodus and Acodina in the same
conodont apparatus was first proposed by Lange ( 1 968) , but
he reported a frequency ratio between these elements types (2
'leriodus ' to 30 'Acodina ' elements) very different from that
proposed here. Klapper & Philip ( 1 97 1 ) proposed an appara
tus belonging to their 'Type 4 apparatuses' with the same
elements, an 'icriodontan' element ( I ) and an 'acodinan'
element outnumbering the 'icriodontan' one. This point of
view was put forward at about the same time also by Ziegler
( 1 972) and has been accepted by the majority of subsequent
authors, with the exception of Bultynck ( 1 97 2 : 7 2 ) and Boo-

gaard & Kuhry ( 1 979: 1 5) who stated that 'it is extremely
unlikely that these forms belonged to a common apparatus' .
Recently it has been suggested by Klapper & Ziegler (in
Ziegler 1 9 75:6 7 ) , Nicoll ( 1 9 7 7 :222) and Johnson & Klapper
( 1 98 1 ) that an additional M2 element similar to that of
Pelekysgnathus may also belong to the Icriodus apparatus.

The apparatus of Icriodus woschmidti woschmidti
From the study of collections from some Lower Devonian
sections very close to the Silurian-Devonian boundary in
southern Sardinia I conclude that the basic num ber of
morphologically distinct constituents in the apparatus of l. w.
woschmidti was six and not two as hitherto supposed, since
severaI ramiform elements seem to be an integral part of the
apparatus .
In three different sections ( Fig. I ) , some of which were
already reported by Serpagli & Mastandrea ( 1 980) and by
Olivieri, Mastandrea & Serpagli ( 1 98 1 ) , the conodont faun as
of at least five samples are composed of the different elements
of only two taxa, Ozarkodina remseheidensis remscheidensis and
Icriodus woschmidti woschmidti, plus some ramiform elements
which I am inclined to associate with the apparatus of l. w.
woschmidti for the following reasons:
( I ) I t is hard to imagine that the same types of ramiform
elements could have been reworked in at least 5 different
samples from three sections situated in are as separated from
each another by as much as 56 km.
(2) A study ofliterature makes it clear that ramiform elements,
in all respects similar to those which I maintain may belong to
the apparatus of l. w. woschmidti or related forms, in severaI
cases have been found associated with the icriodiform ele
ments . Such occurrences include: (a) From the lowermost part
of the Rhenish GedinI)ian Ziegler ( 1 960) reports two ramiform
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Fig. 1 . Location map of conodont localities (asterisks) ; Corti Baccas (CB ) , Mason Proeus (MP) and Monte Santo - Monte Padenteddu (MS) .

elements ( Cordylodus n. sp. and Paltodus n. sp. C ) , as weU as an
acodiniform element with denticles on the anticusp (Drepano
dus sp. a) (Fig. 2C ) , which are strikingly similar to those from
Sardinia; (b) Adrichem Boogaert ( 1 967) reports five ramiform
elements, two of which are iUustrated as 'no gen. A n. sp. a'
(Fig. 2A) , from the Lebanza Formation (Gedinnian) of the
Cantabrian Mountains; (c) From the Lower Devonian of
Podolia Mashkova ( 1 9 7 1 ) reports two ramiform elements
referred to as 'Gen. et sp. nov. A' and ' Gen. et sp. nov. B' (Fig. 2B)
respectively; (d) Barnett ( 1 9 7 1 ) , in a biometric study ofsome
conodonts from the Ravena Member of the Coeymans
Formation of eastern North Ameriea, reports two ramiform
components (Neoprioniodus brevirameus and Oepikodus sp.) be
sides the icriodiform (l. woschmidti) and acodinan elements
(Acodus sp . ) ( Fig. 2 F ) .

( 3 ) It has also been noted that other ramiform elements,
referred to as Rotundacodina dubia (e.g. Carls & GandI 1 969) , are
associated with both the icriodiform element (l. W . transiens)
and various acodiniform elements (Acodina plicata, A . retracta,

A . aragonica) ( Fig. 2 D ) ; Drygant ( 1 974) indicated that such
elements are associated only with the acodiniform element (A .
plicata) ( Fig. 2 E) . However, in his 1 974 paper, Drygant
described only the simple conodonts although he hinted that
in the association there are also more complex forms such as
the 'platform' ones .
(4) Bearing in mind that the basic plan of the 'Type 4
apparatuses' of Klapper & Philip ( 1 97 1 ) is that of lcriodella
superba Rhodes, as reconstructed by Sweet & Bergstr5m ( 1 970,
1 97 2 ) , the apparatus of l. w. woschmidti, as reconstructed up to
now, lacks the corresponding ramiform elements that are
probably the ones I describe in the present paper.

Structure of the apparatus.-In accordance with the scherne
proposed by Barnes et al. ( 1 979) for 'Type IV A Ordovician
conodont apparatuses', the elements of the apparatus of
lcriodus woschmidti woschmidti are grouped into two transition
series, both consisting of three morphotypes ( Fig. 6) . The
morphotypes of the first transition series are:

Apparatus of ICRIOD US
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Fig. 2. Previously described ramiform elements occurring with the
acodiniform and icriodiform anes. Redrafted from: DA. Adrichem
Boogaert ( 1 96 7 ) : l. woschmidti (Pl. 2 : 1 ) , n . gen. A n . sp. a (Pl. 3 : 28,
29) . DB. Mashkova ( 1 97 1 ) : Gen. et sp. nov. A (Pl. 2:9) , Gen. et sp.
nov. B (Pl. 2 : 1 0) , l. woschmidti ( Pl. 2 : 2 ) . DC. Ziegler ( 1 960) : Paltodus
sp. c (Pl. 1 4: 1 1 ) , Drepanodus sp. a (Pl. 1 3 : 1 7) , Cordylodus n. sp. (Pl.

1 4 : 1 9 ) , 1. woschmidti (Pl. 1 5 : 1 6 ) . O D . Carls & Gandl ( 1 969) : Rotundaco
dina dubia (Pl. 20: 1 3- 1 6 ) , Acodina plicata (Pl. 1 9:28) , l. woschmidti
transiens (Pl. 1 5 : I ) . DE. Drygant ( 1 974) : Rotundacodina dubia (Pl. 2 :2629) , Acodina retracta (Pl. 2 : 30) , Acodina plicata (Pl. 2 : 30) . OF:. Barnett
( 1 97 1 ) : Neoprioniodus brevirameus (Pl. 3 7 :6) , Oepikodus sp. (Pl. 3 7 : 9 ) ,
Acodus s p . ( P l . 3 7 : 4 ) , l . woschmidti ( Pl . 3 7 : 1 7 ) .

a
a slightly asymmetrical element with a denticulated posterior
process (cordylodiform; Fig. 3A-F ) ;

( costae ) , ane of which may o r may not bear denticles, situated o n the
posterior, anterior and lateral margins (acodiniform or sagittodonti
form; Fig. 4J-R) ;

=

b a n asymmetrical element sim i lar t o a b u t bearing a n e adenticula
ted lateral costa (gothodiform; Fig. 3G-L) ;
=

c
an almost symmetrical element similar to b but with twa
symmetrically (or almost symmetrically) developed adenticulated
lateral costae ( trichonodelliform; Fig. 3 M-R) ;
=

d

=

element not recovered.

(Note that rare adenticulated specimens of the a, b, and c morphotypes
can also be presen t) .

The morphotypes of the second transition series are:
e
a slightly asymmetrical element with a downwardly directed
adenticulate anterior edge and a sharp posterior edge. Its cusp is
commonly deflected (triangular; Fig. 4 A-F) . Simple cones with a
widely flaring basal cavity could belang to this morphotype ( Fig. 4G
I);
=

f

=

a moderately asymmetric aI element with twa o r three sharp edges

g

=

a platform element (icriodiform; Fig. 5A-E) .

The inferred ratio of the severai morphotypes
Table l .

IS

III

given

Table l . Abundance and grouping of the different elements of the
lcriodus woschmidti woschmidti apparatus in Sardinian samples.

Samples

Morphotypes
a
b

CB
MP6
MPg
MSo
MSl

6

6

4
3
3

3
3

Total

17

13

Inferred
ratio

2

c

e

f

g

8

26
2
4
28
7

15
3
6
32
5

43
22
19
99
42

11

67

61

225

6

6

20
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Fig. 3. Apparatus of lcriodus woschmidti woschmidti. Ramiform elements
of the first transition series. DA-F . a morphotype. OG-L. b morpho
type. D M-R. c morphotype. Speeimens A, D, H , L are from Monte
Santo (MS l ) ; speeimens B , C , I , R are from Monte Santo (MS O ) ;

By comparing t h e apparatus o f l . w. woschmidti a s recon
structed here (Fig. 6) with the traditional two-element model,
it will be readily apparent that the former model is more nearly
complete and doser to the basic plan already established, for
instance, for some Ordovician and Silurian apparatuses . It
demonstrates also the persistence of only a few structural
apparatus types in the Palaeozoic.
It is ofinterest to note that here is another case where certain
ramiform elements that have long been considered little more
than part of the general ' background noise', prove to be
significant morphological structures of the species they repre
sent.

Obj ections to the present h y pothesis
There are two main obj ections to my hypothesis regarding the
composition of the l. woschmidti apparatus: ( I ) Why have

Y

speeimens E, G, ], K, M, 0, P, Q are from Corti Baccas (CB) ;
speeimens F, N are from Mason Porcus (MP) . All speeimens are about
x 52 .

ramiform elements not been identified as elements of lcriodus
up to now? ( 2 ) Why do not stratigraphically younger species,
belonging to the same genus or to dosely related genera (e.g.
Pedavis) , preserve the six-element structural plan?
The first obj ection has been parti y answered already in
point 2 on page 1 55 , where I have shown how other authors
noted the elements a, b, c, without, however, induding them in
the apparatus of l. woschmidti. Furthermore, it is quite likely
that the g (icriodiform) morphotype was preferred in the
picking process, both because it is the most characteristic
element and because its finding enables immediate solution of
stratigraphic problems . Lastly, there is no doubt that the
ramiform elements are more fragile than element g and, to a
lesser extent, than elements e and f
To answer to the second obj ection is by no means so simple,
even though a depletion in number of element types can be
invoked . This could also agree with the observation by Dzik
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Fig. 4. Apparatus of Icriodus woschmidti woschmidti. Elements of the second transition series. oA-F. e morphotype. OG-I . Possible e morphotype. oJ
R.fmorphotype. Speeimens C, F, I are from Corti Baccas (CB ) ; speeimens A, B, Q are from Monte Santo (MS I ) ; speeimens D, E , J , K, M-P are
from Monte Santo ( M S O ) ; speeimens H, L, R are from Mason Porcus (MP 6 ) ; speeimen G is from Mason Porcus (MP 9) . All speeimens are about
x 52.

Fig. 5. Apparatus of Icriodus woschmidti
woschmidti. Platform elements . Speei
mens A, B, C are from Monte Santo
(MS O); specimen D is from Mason
Porcus (MP 6 ) ; speeimen E is from
Corti Baccas (CB) . All speeimens are
about x 50.
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a

Fig. 6. Structure of Icriodus woschmidti woschmidti skeIetal apparatus which includes elements arranged in both a first (ramiform) and second transition
series. These transition series are represented by morphotypes a-c and e-g respectively. Morphotype d is missing. Symbols after Barnes et al. ( 1 979) .

( 1 976:41 1 ) who notes that a trend of decrease in the num ber of
elements is typical of the evolution of Icriodontidae.
However, in the apparatus of various speeies of Pedavis (P.
pedavis, P. latialata, P. marianne, P. thorsteinssoni, P. n. sp. A
Uyeno 1 980) , and of at least one speeies of Pelekysgnathus (P.
n. sp. B Uyeno 1 980) , a denticulate element ( M 2) called a
striate or costate cone appears which could be the a morpho
type of the first transition series. Furthermore, the M 2 element
is represented by a rather variable set of drepanodiform cones,
both smooth and costate; these, properly arranged, can be
fiued into the two transition series proposed above, according
to the following scherne:
Pedavis
M2 denticulate
M2 adenticulate
S l adenticulate
S l denticulate
I platform

- a
- e
e
f
·
g
•

•

Pelekysgnathus
M2 denticulate
M2 adenticulate
S2
.
{
,adentIculate
S2
I platform

a
e
e
-f
g

•

•

-

•

Conclusions
My conclusion about the composition of 'type 4 apparatuses'
differs somewhat from that of Klapper & Philip ( 1 97 1 ) , in that
I recognize six (or four) , rather than two (or three) , compo
nents arranged in two symmetry transition series . My re con
struction is in agreement with the statement by severai authors
(e.g. Sweet & Sch6nlaub 1 975:43) who suggest that six is the
basic number of morphologically dis tinet constituents in most
multielement apparatuses from the Ordovician to Triassic.
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Early Frasnian Ancyrodella speeies are descended from a late Givetian - early Frasnian O;:.arkodina
stock, as demonstrated by the ontogenetic development of the platform elements in the early
Ancyrodella speeies A. binodosa and A. rotundiloba. Furthermore, one morphotype of A. binodosa (Cl) is
linked to O;:.arkodina sp. A by a num ber of morphological intermediates; another morphotype (a)
may be derived from O;:.arkodina insita. This evolution is observed in a near-shore environment
over a large geographical area (N. Ameriea and W. Europe ) . The y morphotype of A. binodosa
linked to the a morphotype gives rise to A. rotundiloba rotundiloba; this transition corresponds with a
dispersion of the genus in the off-shore environment. D Conodonta, biostratigraphy, palaeoecology,
evolution, Devonian.
Pierre Bultynck, Department of Paleontology, Koninklijk Belgisch lnstituut voor Natuurwetenschappen,
Vautierstraat 29, B-J040 Brussel, Belgium; l st September, 1982.

According to Klapper & Philip ( 1 9 7 2 : 99) the apparatus of
Ancyrodella Ulrich & Brassler 1 926, consists of ancyrodellan
platform or P elements and various compound elements . The
apparatus of Ozarkodina Branson & Mehl 1 93 3 , to which the
ancestrai stock of Ancyrodella belongs, is of the same type, the
platform element being spathognathodontan. I consider
Pandorinellina Muller & Muller 1 95 7 to be aj unior synonym to
Ozarkodina. The platforms are the most diagnostic element in
these apparatuses. The present discussion is, therefore, only
based on the spathognathodontan and ancyrodellan ele
ments .
Three hypotheses have been proposed for the origin of the
two earliest Ancyrodella species, A. binodosa Uyeno 1 96 7 and A .
rotundiloba rotundiloba (Bryant 1 92 1 ) . Ziegler ( 1 962: 1 46)
regarded Polygnathus asymmetrieus Bischoff & Ziegler 1 95 7 as
the direct ancestor of A. rotundiloba. He later advocated
( 1 9 7 3 : 26) a more v'/-gue origin in stating that 'the speeies has
evolved from the wide-plated Polygnathus stock'.
Uyeno ( 1 96 7 : 1 1 , 1 974: 1 8, 4 4 ) admitted a probable phy
logene ti c sequence from 'Spathognathodus' insitus ( Stauffer
1 940) to 'Spathognathodus' ? sp. and finally to A. rotundiloba
binodosa.
Ziegler ( 1 97 3 : 3 5 ) doubted the generic and specific affinity of
A . rotundiloba binodosa and concluded ( 1 9 7 3 : 26) that if A .
rotundiloba binodosa i s recognized, the origin o fthe genus may lie
in some 'Spathognathodus ' stock, preferably 'S. ' sannemanni
Bischoff & Ziegler 1 95 7 . Druce ( 1 976:52, 53) considered
A ncyrodella as polyphyletic, having its origin in two subspecies
of 'S. ' sannemanni both established by Pollock ( 1 968) , 'S. '
sannemanni subsp. A and 'S. ' sannemanni variabilis. Bultynck
( 1 979, Pl. 2 7 : 1 8-20) and Bultynck & Coen ( 1 982:40-42)
proposed a slightly different origin in establishing a phy
logenetic sequence Ozarkodina sannemanni adventa ( Pollock
1 968) - O. sannemanni proxima ( Pollock 1 968) - A. binodosa.

Morpho-phylogenetic aspects
Transitional forms, in stratigraphic sequence, demonstrating
the descent of A. rotundiloba from P. asymmetrieus have never
been figured, whereas this has been done for the Ozarkodina
insita-A . binodosa lineage by Uyeno ( 1 974, Pl. 8 : 8 , 1 0 ) and for
the O. sannemanni adventa-A . binodosa lineage by Bultynck
( 1 979, Pl. 2 7 : 1 8-20) . Severai authors demonstrated that early
growth stages of A. binodosa, A . rotundiloba rotundiloba and the
still younger A. curvata (Branson & Mehl 1 934) are spatho
gnathodontiform in outline (Ethington & Furnish 1 962;
Muller & Clark 1 96 7 ; Uyeno 1 96 7 ; Bultynck & Jacobs 1 98 1 ) .
These two arguments, the ontogenetic development, and
transitional forms in stratigraphic sequence, strongly support
an evolution from an Ozarkodina stock rather than from a
Polygnathus Hinde 1 879. The question arises whether A .
binodosa derives from one Ozarkodina speeies o r whether the
species and the genus have a polyphyletic origin.
Relevant to this question is the presenee of two main
morphotypes, a and 6 , recognized by Bultynck & Jacobs
( 1 98 1 : 1 6) within A. binodosa material from S. Moroeco. They
are also represented in the type material from the Waterways
Formation in northeastern and central Alberta, in the basal
part of the Frasnes group in the Ardennes (Bultynck &J acobs
1 982) and the Beaulieu Formation from the Boulonnais ( N .
France) (Brice, Bultynck, Deunff, Loboziak & Streel 1 9 79) .
The a mo rp ho type (Fig. 1 :2 1 -2 7 ) is characterized by a
triangular asymmetric platform, with raised, denticulated
rim. The platform is widest at or near its anterior end. In the 6
morphotype ( Fig. I : 1 2-20) the platform is rounded or oval
shaped, widest at about its midlength, with thick, rounded,
smooth platform borders . In the earliest 6 morphotypes the
platform ornamentation is restricted to two large nodes (Fig.
1 : 1 2- 1 5 ) ; in later forms the number of nodes increases ( Fig.
1 : 1 6-20) .
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Material from the Boulonnais ( N . France) and the Arden
nes ( Fig. 1 : 3-9; 1 2- 1 5) demonstrates that the b morphotype
derives from Ozarkodina sp. A (Fig. 1 :4) , developing later a flat,
smooth platform like extension on each side of the blade ( Fig.
1 :4, 5, 7 ) . Forms herein called Ozarkodina aff. adventa and
Ozarkodina aff. proxima ( Fig. 1 :6, 8, 9) represent a further
evolution to Ancyrodella binodosa by development of the lateral
extensions and the presenee of a node on one or both of these.
All the forms assigned to this lineage share common charac
teristics of the blade-carina, identical outline of the upper and
lower margins in lateral view, the twisted posterior end, and
the presenee ofa cusp. Ozarkodina aff. adventa and O. aff. proxima
were previously identified as O. sannemanni adventa and O.
sannemanni proxima by Bultynck ( 1 979) and Bultynck & Coen
( 1 982) . The different outline of the lower margin, the twisted
posterior end and the presenee of a cusp permit distinetion
from, respectively, O. sannemanni adventa and O. sannemanni prox
ima. Ozarkodina sp. A is somewhat similar to O. sannemanni
sannemanni ( Fig. l : l O- I l ) in the denticulation of the blade and

the outline of the upper margin. It differs however in the
arched outline of the lower margin posterior of the cavity, the
cavity without marked lateral expansions, and the twisted
posterior end . Transitional speeimens have not been found
and the phylogenetic relationship of the two taxa is ques
tioned . Specimens from the lineage Ozarkodina sp. A-A .
binodosa b morphotype resemble O. insita (Fig. l : 1-2) in the
high denticle(s) at the anterior end of the blade and in the
profile, especially of the lower margin (Fig. 1 :2 and 3B) . In some
sections O. insita occurs below O. sp. A-A . binodosa b (Fig. 2
section 1 Nismes) . Intermediate forms have not been col
leeted, and the relationship between O. insita and the lineage
O. sp. A-A . binodosa b morphotype is uncertain. On Fig. I the b
morphotype is considered to be a branch which became
extinct.
Two possibilities are diseussed here concerning the a
morphotype of Ancyrodella binodosa. O. sp. A could function as
the ancestrai form. An obj ection to this view is that O. aff.
adventa and O. aff. proxima can not be considered as intermedi-

Fig. 1. Possible ongms and phylogeny of late Givetian to early
Frasnian AncyrodeLla taxa. All speeimens x 22 . 5 . Eaeh reetangle

AB5 from the Upper Member of the Bou Dib Formation, Ma'der ( S .
Moroeco) , seetion deseribed b y Bultynek & Jaeobs ( 1 98 1 , Fig. 5 ) .
0 1 6. Upper vie",. I . R. S e . N . B . , speeimen N o . b 1 409. 0 1 7 . Upper
view. 1 . R. Se. N . E . , speeimen No. b l 408. 0 1 8. Upper view. 1 . R. Se. N.
B . , speeimen No. b 1 40 7 . 0 1 9 . Upper view. I. R. Se. N. B . , speeimen
No. b l 4 1 1 . 020 A. Upper view. I. R. Se. N. B . , speeimen No. b 1 4 1 O.
020 B. Lower view of the same speeimen as in 20 A. 02 1-23, 25-2 7 .
Ancyro�ella binodosa a morphotype. Speeimens in 23, 22, 2 1 , 2 7 and 2 6
representing an ontogenetie series are from the same sample a s those
in 1 6-20. Speeimen in 25 from sample 46, same seetion as for
speeimens in 1 : 3-6. 02 1 . Upper view. I. R. Se. N. B . , speeimen No.
b 1 525. 022. Upper view. I. R. Se. N . B., speeimen No. b 1 393. 023.
Upper view. 1 . R. Se. N . B . , No. b l 39 1 . 025. Upper view. 1 . R. Se. N.
E . , speeimen N o . b l 448. 026. Upper view. 1 . R . Se . N. B., speeimen No.
b 1 526. 027 A. Upper view. I. R. Se. N. E . , specimen No. b 1 52 7 .
027 B . Lower view o f same speeimen a s in 2 7 A. 024. Ancyrodella
binodosa, � morphotype transitional between the asymmetrie a
morphotype and the nearly symmetrie y morphotype. Upper view.
Sample 41 same seetion as for speeimens in 3-6. I. R. Se. N. B . ,
speeimen N o . b 1 450. 0 2 8 . A ncyrodella rotundiloba rotundiloba, asymmet
rie form. Sample 52 C , same seetion as for speeimens in 3-6. 028 A.
Upper view. 1 . R. Se. N. B . , speeimen No. b 1 459. 028 B . Lower view of
same speeimen as 28 A . 029. A ncyrodella rotundiloba rotundiloba AncyrodeLla rugosa . Oblique upper view. Arrangement of nodes on the
upper surfaee as in A ncyrodella rugosa; lower surfaee without seeondary
keels. Sample 65, same seetion as for speeimens in 3-6 . I. R. Se. N. B . ,
speeimen N o . b 1 469. 030-3 1 . Ancyrodella rugosa. Sample 30 from the
lower part of the Frasnes Group, same seetion as for speeimens in 1-2 .
0 3 0 . Lower view. I . R. S e . N . B . speeimen N o . b I 472. 03 1 . Upper
view. I. R. Se. N . B., speeimen No. b 1 472. 032-34. AncyrodeLla
binodosa, y morphotype. All specimens from the same sample as those
in 1 6-20. 032 A . Upper view. I. R. Se. N. E . , speeimen No. b 1 404.
032 E . Lower view of same speeimen as in 32 A. 0 3 3 . Upper view. I .
R . S e . N . E . , speeimen N o . b 1 528. 0 3 4 . Upper view. I . R. S e . N. B . ,
speeimen N o . b 1 406. 0 3 5 . AncyrodeLla rotundiloba rotundiloba. Early
form. Upper view. Sample 4 1 , same seetion as for speeimens in 3-6. I .
R . Se. N . B . , speeimen N o b 1 457 . 036. Ancyrodella rotundiloba rotundiloba.
Typieal form. Sample AB 8, same seetion as for speeimens in 1 6-20.
036 A. Upper view. I. R. Se. N. B . , speeimen No. b 1 424. 036 B .
Lower view o f same speeimen a s in 36 A . 0 3 7 . Ancyrodella rotundiloba
rotundiloba. Typieal form. Upper view. Sample 66, same seetion as for
speeimens in 3-6. 1 . R. Se. N. B . , speeimen No. b 1 46 1 . 038. Ancyrodella
rotundiloba alata. Early form. Sample 65, same seetion as for speeimens
in 3-6. 038 A . Upper view. I. R. Se. N. B . , spe eimen No b 1 46 7 . 038 B
Lower view of same speeimen as in 38 A. 039-40. Ancyrodella
rotundiloba alata. typieal form. Samples 49 and 32, same seetion as for
specimens in 1-2. 039. Upper view. I. R. Se. N. B . , speeimen No.
b l 463. 040. Lower view. I . R. Se. N . B., speeimen No. b 1 466.

eontains a speeies, s ubspeeies or morphotype. The lower horizontal
bold line of eaeh reetangle indieates the approximately earliest
oeeurrenee of the taxon with referenee to the eonodont zonation. The
upper horizontal line has no stratigraphie signifieanee and does not
eorrespond to the latest oeeurrenee of the taxon. The distanee between
reetangles is not to seale. The position of the figured speeimens does
not neeessarily eorrespond to their position in the given seetions. All
figured speeimens are deposited at the Koninklijk Belgisch 1nstituut voor
Natuurwetenschappen - 1nstitut royal des Sciences naturelles de Belgique,

Department of Paleontology, Mieropaleontology-Paleobotany
Seetion.
0 1-2. Ozarkodina insita Sample l 4 from the Upper Member of the
Fromelennes Formation, Sourd d'Ave, Ardennes (Belgium) , seetion
deseribed by Bultynek & Jaeobs ( 1 982, Fig. 4) . D l . Upper view. 1 . R.
Se. N . B., speeimen No. b l 43 1 . 02. Lateral view. I . R. Se. N . B . ,
speeimen No. b 1 430. 03-6. Lineage Ozarkodina s p . A. - Ozarkodina aff.
adventa - Ozarkodina aff. proxima. All specimens are from sample 42 from
the lower part of the Frasnes Group, Nismes, Ardennes (Belgium) ,
seetion deseribed by Bultynek & Jacobs ( 1 982, Fig. 2 ) . 03 A. Oblique
upper view of O. aff. adventa. I . R. Se. N. B . , speeimen No. b 1 43 7 . 03 B.
Lateral view of the same speeimen as in 3 A. 04 A . Oblique upper view
of O. sp. A. I. R. Se. N. E . , speeimen No. b 1 436. 04 E. Lateral view of
same speeimen as in 4 A . 05 A. Lateral view of O.aff. adventa. I. R. Se.
N . B., speeimen No. b 1 439. 05 B . Upper view of same specimen as in
5 A . 06. Upper view of O. aff. proxima. I . R. Se. N . E., speeimen No.
b l 440. 0 7-9. Lineage Ozarkodina aff. adventa - O. aff. proxima Ancyrodella binodosa. Speeimen in 7 is from sample 3 and specimens in 8
and 9 from sample 4 from the Cambreseque Member of the Beaulieu
Formation, Bane Noir, Boulonnais ( Franee ) , seetion deseribed by
Briee, Bultynek, Deunff, Loboziak & Streel ( 1 9 7 7 , Table 3 ) . 0 7 .
Upper view of O . aff. adventa. I . R. Se. N . B . , speeimen N o . b 1 1 24. 0 8 .
Upper view o f O. aff. sannemanni, I . R. Se. N . B . , speeimen N o . b 1 l 2 5 .
09. Upper view of O . aff. sannemanni, speeimen transitional t o A .
binodosa. I . R . S e . N . B . , speeimen N o . b 1 522. 0 1 0- 1 1 . Ozarkodina
sannemanni. Sample BT43 from the Bouia Formation, Bou Tehrafine,
Tafilalt ( S . Moroeco) , seetion deseribed by Bultynek & Jaeobs ( 1 98 1 ,
Fig. 3 ) . 0 1 0. Lateral view. I . R . Se. N . B . , speeimen No. b 1 523. O I l .
Upper view. I . R. Se. N . B . , speeimen No. b 1 524. 0 1 2- 1 5 . Earliest 6
morphotypes of A ncyrodella binodosa. 0 1 2. Upper view. Sample 45,
same seetion as for speeimens in 3-6. I. R. Se. N . E., speeimen No.
b 1 453. 0 1 3 . Upper view. Sample 45, same seetion as for speeimens in
3-6. 1 . R. Se. N . B . , speeimen No. b 1 45 5 . 0 1 4. Uppel' view. Sample 4,
same seetion as for speeimens in 7-9. I. R. Se. N . E., speeimen No.
b 1 1 26 . 0 1 5 . Upper view. Sample 43, same seetion as for speeimens in
3-6. I. R. Se. N . B., speeimen No. 1 454. 0 1 6-20. Ontogenetie series of
6 morphotypes of A ncyrodella binodosa. All specimens are from sample
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Fig. 2. Sequence oflate Givetian to early Frasnian Ancyrodella taxa and
their possible ancestors in selected western European, North African
and North American sections .
Original references to conodont faunas, conodont biofacies, domin
ant megafauna, environment (near-shore and off-shore ) , and sample
numbers for each of the num bered sections: O l . Ardennes, Nismes
(Belgium) - Bultynck, including contributions by Jacobs ( 1 982, Figs.
2, 3, Table I ) . Benthic megafauna, brachiopods and corals. Icriodus
Polygnathus biofacies . Near-shore. 02. Boulonnais (northeastern
France) - Brice, Bultynck, Deunff, Loboziak & Streel ( 1 979:332,
Table 3) Benthic megafauna, brachiopods, bryozoans and corals.
Icriodus-Polygnathus biofacies . Near-shore. 03. Asturias, Luanco
(north Spain) - Garcia Lopez ( 1 982, Fig. 53) . Benthic megafauna,
brachiopods, corals, trilobites. Icriodus-Polygnathus biofacies with rare
P. asymmetrieus. Near-shore. 04. Ma'der, EI Atrous Il ( Southern
Morocco) - Hollard ( 1 9 74:4 1 , Fig. 7 ) . Samples 2 to 9 benthic
megafauna, brachiopods; sample I l a pelagic fauna, goniatites and
styliolinids. Samples 2 to 9 Icriodus-Polygnathus biofacies; sample I l a,
P. asymmetrieus. 05. Ma'der, Ait ou Amar ( Southern Morocco) Bultynck & Jacobs ( 1 98 1 , Fig. 5) . Sample l , benthic megafauna,

brachiopods; samples 3-7, pelagic fauna, styliolinids and goniatites.
Samples 1-5, Polygnathus-Ancyrodella biofacies; sample 7, P. asymmet
ricus and P. dengleri Bischoff & Ziegler 1 9 5 7 . 06. Tafilalt, Bou
Tchrafine ( Southern Morocco) - Bultynck & Jacobs ( 1 98 1 , Fig. 3) .
Pelagic fauna, goniatites, orthoceratites, tentaculites . Polygnathus
Ancyrodella-Palmatolepis biofacies . Off-shore. 0 7 . E. Rhenish Slate
Mountains Koppen (Western Germany) - Ziegler, Klapper &
Johnson ( 1 976, Fig. 2, Table 1 3 ) . Pelagic fauna, tentaculites and
styliolinids. Polygnathus-Ancyrodella-Palmatolepis biofacies . Off-shore.
08 and 9. Northeastern and central Alberta (Canada) - Uyeno ( 1 974,
Tables l and 4b) and Norris & Uyeno ( 1 98 1 , Figs. 2, 4) . Benthic
megafauna, brachiopods . Icriodus-Polygnathus biofacies; insitus
biofacies . Near-shore. O 1 0 and I l . Northern Antelope Range,
Nevada ( U . S. A . ) -Johnson, Klapper & Troj an ( 1 980, Fig. 4, Tables
18, 22) . Benthic megafauna, brachiopods, corals, crinoids. Diverse
conodont association . Off-shore. O 1 2 . New York, Fall Brook ( U . S .A . )
- Huddie, assisted b y Repetski ( 1 98 1 , Table l , Sheets 1-5 ) . Mainly
pelagic, goniatites, styliolinids, small brachiopods . Diverse conodont
association . Distal basin.

ate forms . Both have flat platform-like extensions with smooth
rounded rims as observed in the {) morphotype of A. binodosa,
whereas the et form has raised, denticulated rims. 'Spatho
gnathodus '? sp., described by Uyeno ( 1 96 7 , 1 974) from the
Firebag Member of the Waterways Formation of northeastern
and central Alberta, has an incipient platform with erect
lateral denticles and fits well as a morphological intermediate
between O. insita and A. binodosa et morphotype. Two branches
are recognized in the further development of the last men
tioned form. An asymmetrical form of A. rotundiloba rotundiloba
with one rounded anterior lo be and another angular anterior
lo be (Fig. 1 :28) derives from the et morphotype ofA . binodosa by
reduction of the cavity to a small rhombic pit and by increase of

number ofnodes on the platform surface. Similar asymmetric
forms from the Squaw Bay Formation of Michigan have been
figured by Miiller & Clark ( 1 967, Figs . 5e and 6n, x, i) . The
progressive development of two secondary keels extending
from the pit in an anterior direction, and the arrangement of
the upper surface nodes in two or four longitudinal rows gave
rise to Ancyrodella rugosa Branson & Mehl 1 934 ( Fig. 1 :29-3 1 ) .
A nearly symmetrical y morphotype of A . binodosa ( Fig.
1 : 32-34) is linked to the et morphotype by intermediate forms
(Bultynck & Jacobs 1 98 1 : 1 6) . It is characterized by a
combination of a triangular platform with slightly raised,
denticulated rims and two rounded anterior lobes . A. binodosa
y is ancestraI to typical A . rotundiloba rotundiloba specimens with
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Fig. 2 (cont.) .

broad, rounded anterior lobes. There is also an increase in the
number of nodes on the platform surface and reduction of the
cavity to a small rhombic pit ( Fig. 1 : 35-3 7) . The transverse
development of the anterior lobes and the originating of two
secondary keels, one extending anteriorly from the pit, the
other laterally or slightly posteriorly, leads to A. rotundiloba
alata Glenister & Klapper 1 966 ( Fig. 1 : 38-40 herein) .

S tratigraphic and paleogeographic aspects
The postulated development of early Ancyrodella species (A .
binodosa, A . rotundiloba and A . rugosa) from an Ozarkodina stock
as outlined here took place in the upper P. dengleri Subzone lowermost P. asymmetrieus Zone and the lower P. asymmetrieus
Zone, that is during the late Givetian to early Frasnian
according to the conodont succession in the type area of these
stages .
Fig. 2 represents twelve sections in Europe, N. Africa and
N. America showing the earliest stratigraphic occurrence of
the Ancyrodella taxa discussed he re and of the possible ancestrai
O;::.arkodina taxa. From the conodont distribution it is con
cluded that O;::.arkodina insita, O. insita�Ancyrodella binodosa, O.
sannemanni, O. sp. A . , O. aff. adventa and O. aff. proxima appear
earlier than or coexist with A. binodosa. All the successions
where A. binodosa is linked to the possible ancestrai O;::.arkodina
taxa by intermediate forms belong to the near-shore facies : ( 1 )
Ardennes, (2) Boulonnais, (8) and (9) northeastern and
central Alberta. This is als o true for sections where A. binodosa

appears alone and earlier than A. rotundiloba rotundiloba.
Conodont faunas of all these sections belong either to the O.
insitus biofacies or to the icriodid-polygnathid biofacies and
contain polygnathids possessing narrow platforms with sim
ple ornamention ( P. dubius Hinde 1 879-P. webbi Stauffer 1 938
type) . Polygnathids with a broad and heavy tuberculated
platform surface ( P. cristatus Hinde 1 879-P. asymmetrieus) are
absent. From these observations it is evident that the develop
ment of A. binodosa from an Ozarkodina stock to ok place in a
near-shore environment which extended over a large geo
graphic area including at least western Europe and North
America. O. sannemanni sannemanni occurs mainly in the off
shore facies and it is unlikely therefore that it is the ancestrai
form of A. binodosa. This confirms the conclusion from the part
on the morpho-phylogenetic aspects (p. 1 65) .
The evolution of A ncyrodella rotundiloba rotundiloba from A .
binodosa also corresponds t o a dispersal o f the genus i n the off
shore facies . This is illustrated by the occurrence of A .
rotundiloba rotundiloba i n all the successions i n Fig. 2 .
From a biostratigraphic point o f view it seems that A .
rotundiloba alata appeared later than A . rotundiloba rotundiloba,
and A. rugosa later than A. rotundiloba alata. This succession
provides a valuable tool for subdivision of the Lower P.
asymmetrieus Zone into three: Iower with A. rotundiloba rotun
diloba and eventually A. binodosa; middle with A. rotundiloba
rotundiloba and A . rotundiloba alata; upper with A . rotundiloba
rotundiloba, A . rotundiloba alata and A . rugosa. Huddle &
Repetski ( 1 98 1 : B 4-B5) observed the same sequence in the
Genesee Formation in western New York.
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A Late Mis s i s s ippian conodont faunule from area
of propo s ed Pennsylvanian Sys tem s tratotype ,
eas tern Appalachians
JOHN E . REPETSKI AND THOMAS W . HENRY

F O S S I LS A N D STRATA

ECOS III
A contribution to the Third European
Conodont Symposium, Lund, 1 982

Repetski, John E. & Henry, Thomas W . 1 983 1 2 1 5 : A Late Mississippian conodont faunule from
area of proposed Pennsylvanian System stratotype, eastern Appalachians . Fossils and Strata, No.
1 5, pp. 1 69- 1 70. Oslo. ISSN 0300-949 1 . ISBN 82-00067 3 7-8.
A late Chesterian ( Late Mississippian) conodont faunule assigned to the Adetognathus unicornis or
lower Rhachistognathus muricatus Conodont Assemblage Zone was recovered from the Bramwell
Member of the Bluestone Formation in southern West Virginia, thereby extending the
geographic range of these assemblage zones into the eastern Appalachians. The Bramwell
Member thus correlates with, or may even be younger than, the Grove Church Shale, the highest
unit traditionally placed in the type Chesterian sequence, and it correlates with the uppermost
Namurian A strata in western and central Europe. D Conodonta, biostratigraphy, Carboniferous,
Appalachians .
John E. Repetski and Thomas W. Henry, U.S. Geological Survry, E-501, U.S. National Museum, Washington,
D . C. 20560, USA; 16thJuly, 1983.

Upper Mississippian and Lower Pennsylvanian rocks form a
thick sequence in the eastern part of the Appalachian basin.
The succession near Bluefield, Virginia - West Virginia, is one
of the few in eastern North America in which deposition was
virtually continuous across the Mississippian-Pennsylvanian
boundary. The U . S . Geological Survey is proposing that
stratotypes for the Mississippian-Pennsylvanian boundary
and the Lower Pennsylvanian Series be established in this
area.
The Bramwell Member of the Bluestone Formation is the
youngest unit included in the Mississippian ( Fig. 1 ) . About
30 m thick at its type locality, it consists primarily ofa sequence
of fine-grained terrigenous cias ti c rocks, which coarsens
upward. It was deposited as a set of nearshore marine beds
during a transgression over coastal-plain and near-coastal
non marine deposits of the red member of the Bluestone
Formation. The Bramwell Member generally is overlain
conformably either by the upper member ( near-coastal
non marine beds) of the Bluestone or by the lower sandstone
member of the Pocahontas Formation. The lower sandstone
member was forrned by a series of distributaries prograding
over the upper member and Bramwell Member of the
Bluestone. As shown by Englund ( 1 979) and by Englund et al.
( 1 98 1 ) , the lower sandstone member of the Pocahontas
interfingers and intertongues with the upper member of the
Bluestone in interdistributary areas; however, near distribut
ary axes, the lower sands tone member of the Pocahontas
truncates subj acent beds and rests directly on the upper part of
the red member of the Bluestone.
S tudies of the macrofloras by Gillespie & Pfefferkorn ( 1 979)
and Pfefferkorn & Gillespie ( 1 98 1 ) have indicated that the
Mississippian-Pennsylvanian boundary, defined in this se
quence at the top of the Bramwell Member of the Bluestone

Formation, corresponds exactly with the Namurian A Namurian B boundary of western Europe.
The Bramwell Member contains a locally diverse marine
invertebrate fauna. Preliminary studies by Gordon & Henry
( 1 98 1 ) have suggested that this molluscan-dominated fauna
consists of at least 45 macroinvertebrate taxa and that it is
c10sely similar to the faunas of the upper Chesterian of the
Ozark Plateaus region of north-central Arkansas.
A 5 kg sample offossiliferous silty limestone from the upper
part of the Bramwell Member at Freeman, Mercer County,
West Virginia ( U . S . Geological Survey collection 26789-PC ) ,
yielded a small collection ofconodonts, including Pa elements
of Adetognathus unicornis (Rexroad & Burton 1 96 1 ) ,
Cavusgnathus convexus Rexroad 1 957, C. naviculus (Hinde 1 900) ,
and Gnathodus bilineatus (Roundy 1 926) morphotype () (Fig. 2 ) .
This co-occurrence establishes a late Chesterian age, limited to
the A . unicomis through at least the lower Rhachistognathus
muricafus Zones sensu Lane & S traka ( 1 974) .
AIthough further sampling may or may not allow uItimate
assignment of these strata more precisely to either the A .
unicomis o r the R . muricatus Zone, some important points can be
made from this discovery:
( 1 ) Ifthe upper part ofthe Bramwell Member represents the A .
unicornis Zone, then the Mississippian-Pennsylvanian bound
ary as used in this area at present is somewhat different from
that us ed elsewhere in North America by most conodont
workers, i.e. at the R. muricatus - R. primus Zone boundary
( Lane & Straka 1 974; Lane 1 97 7 ; Lane & Baesemann 1 982) .
(2 ) If these strata can be shown to represent the R. muricatus
Zone, then the Bramwell Member would be slightly younger

FOSSILS AND STRATA 1 5 ( 1 983 )

1 70 John E . Repetski and Thomas W. Henry

P O C A H ON T A S

z

F O R M A T I O N

z

w
a..

w
t---t z

en
en

than the Grove Church Shale at the top of the type C hesterian
sequence in the Illinois basin .

een

"

>::.'.: ...:: l owe r ;:

. . ... .
.'
: . . : : : : s a n d s to n e :
Uppe r
r\ .
::.: mem b e r " .
r
-- B ramwe l l M b .' �' : " . :.. :: :: :: : " : : :: :: ::
. . . . . ..
t
'

..

.

.

'

. .

.

...

: : : : .:

'

.

.

.

'.

.

.

: :: :

�

w 
:::J

....I ::E

(3) This faun ule from the BramweJl Member is the first record
of Chesterian·age conodonts as young as the A . unicornis Zone
from the Appalachian basin . It therefore is the youngest
Mississippian conodont fauna yet known from eastern North
Ameriea and represents a significant extension of geographie
range for this Midcontinent fauna.

red mem b e r

CD u.

Fig. l . Sketch ofstratigraphic relationships ofMississippian-Pennsyl·
vanian boundary sequence in area of proposed Pennsylvanian System
stratotype near Bluefield, Virginia - West Virginia.
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Paleoenvironmental factors and the dis tri b u tion
of conodonts in the Lower Triassic of
Svalb ard and Nepal
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Clark, David L. & Hatleberg, Eric W. 1 983 1 2 1 5: Paleoenvironmental factors and the
distribution of canadants in the Lower Triassic of Svalbard and Nepal . Fossils and Strata, No. 1 5 ,
pp. 1 7 1- 1 7 5 . Oslo. I S S N 0300-949 1 . I S B N 82-000673 7-8.
Lower Triassic sections in Svalbard and Nepal contain markedly different conodont faunas. Each
of the sections has yielded approximately 20 species but there are only twa species in common.
Associated megafauna confirms that a more or less complete Lower Triassic sequence exists in
both sections, but ifcomparison of the sections were based exclusively on conodonts, little reliable
correlation would be possible. The problem is solved by correlation of the canadants of the
Svalbard and Nepal sections with a third section, the comprehensive Lower Triassic of Utah and
Nevada. Both Arctic and Tethyan sections have 7 species in com mon with that of Western U . S .
and demonstration ofequivalency ofstages and zones is possible through u s e of the intermediate
U . S . section. Possible explanations for lack of common species in twa time-equivalent sections
( Svalbard and Nepal) include such things as sampling and/or preservational problems at either
or both sites, paleoclimatic differences for the twa sections including latitudinal differences and a
range of ecologic factors produced by different climates, provincialism because of paleogeo
graphic barriers, and lithofacies and biofacies factors . Field and laboratory data are campeIling
evidence that the differences between conodont faunas in Svalbard and Nepal are due to
lithofacies factors. Comparisan of the canadants with a previously established Lower Triassic
biofacies model tends to confirm that faunal differences are related to distinct biofacies and
suggests that there may be real value for the predictive power of canadants for paleoenvironmen
tal definition. D Conodonta, biogeography, ecology, Nepal, Svalbard, Triassic.
David L . Clark, Department ofGeology and Geophysics, University of Wisconsin, Madison, Wisconsin, 53706,
U.S.A . ; Eric W. Hatleberg, A rco Exploration Co., Lafayette, Louisiana, 70505, U.S.A .; 20th May, 1982.

Lower Triassic rocks of Spitsbergen average approximately
450 m in thickness and consist of cIasties with minor carbo
nates that have been organized into the Vardebukta, Sticky
Keep and part of the Botneheia Forrnations.
In contrast, Lower Triassic rocks of Nepal average approx
imately 25 m in thickness, consist of shales and nodular
carbonates and have been referred to the Panj ang and
Thinigaon Forrnations .
Both Arctic ( Svalbard) and Tethyan (Nepal) sections
include megafossils that indicate a more or less complete
Lower Triassic sequence and demonstrate equivalency of the
two geographically separated sections (Buchan et al. 1 965 for
Svalbard; Waterhouse 1 97 7 , Bassoullet & Colchen 1 97 7 ,
Bordet e t al. 1 97 1 , for Nepal) . Ofsome 1 00 samples taken from
the two areas, 42 % yielded conodonts . Some 20 species are
represented in the Nepal collections, whereas 1 8 species were
identified in the collections from Spitsbergen (Table I ) . The
two Lower Triassic sections have only two clearly identifiable
species in common, however. In spi te of the general usefulness
of conodonts in s tratigraphic studies for most part of the
Paleozoic and Triassic, it seems apparent that if comparison of
the sections was based exclusively on conodonts, little reliable
correlation would be possible. The absence of common species
that could be used in precise correlation raises severai classical
s tratigraphic problems.

For this study we have considered two questions : ( I ) How
do we establish precise stratigraphic correlations between the
two sections? and, (2) What are the best possible explanations
for lack of common species in two time-equivalent sections?

Comparisons, correlations and coefficients
Lower Triassic sections containing conodonts are wide
spread . In addition to the sections discussed in this report,
sections in the Salt and Trans- Indus Ranges of West Pakistan
and at the Guryul Ravine of Kashmir have been discussed by
Sweet ( 1 970a, b ) . Considered on a world-wide basis, these
sections and that from Nepal are so closely spaced geographi
cally (and so obviously part of the same Tethyan belt) that
similarities are expected . In fact, the Tethyan sections are
lithologically and faunally the most similar of the worldwide
sections available for this study. � of the species rep
resented in Nepal were described originally from Pakistan.
For these reasons, the central Tethyan sections are not
contrasted in the discussion that follows .
However, because so few species were found to be com mon
to the Lower Triassic of Nepal and Spitsbergen, we decided to
compare these faunas with Lower Triassic conodonts from
other parts of the world. Faunas from a few important Lower
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Table l. Lower Triassic conodonts of Svalbard and Nepal. From
Hatleberg ( 1 982) ; Svalbard section from Spitsbergen, including
southern shoreline of Van Keulenfjorden at Reinodden, Pitnerodden
and Ahlstravdodden; Nepal section from Thakkhola Valley in central
Himalaya above Jamsom (Hatleberg & Clark, in press) .

Species
Hindeodus typiealis
Neogondolella earinata
N milleri
N jubata
N alT. mombergensis
N alT. timorensis
N sp.
Neospathodus waageni
N. alT. waageni
N. eonservativus
N. diseretus
N alT. spathi
N homeri
N triangularis
N sp. a
N sp. b
N sp. c
N. sp. d
Ellisonia sp.
Ellisonia triassiea
Neogondolella elongata
N nevadensis
N regale?
N? mombergensis
N sp. a
N sp. b
Neospathodus dieneri
N eristagalli
N svalbardensis
N. pakistanensis
N peeuliaris
N eollinsoni
N alT. triangularis
Xaniognathus? sp.

Svalbard

Nepal
x

x

x
x

x
x
x
x

x

x

x
x
x

x

x
x
x

x
x
x
x

x

x

x
x

x

x

x
x
x
x

x
x
x
x
x
x

Triassic sections are shown on Tables 1-4, and include those
described in reports from western North America ( Pauli 1 980;
Carr 1 98 1 ; Clark et al. 1 979) , South Primorye of the U . S . S . R.
(Burij 1 979) , and Australia (McTavish 1 9 7 3 ) . Comparison of
number of species from these areas pl us] apan ( Koike 1 979) is
shown in Figure I . These sections provide a good data base for
world-wide Lower Triassic conodont distribution.
Because we have not examined all of the faunas reported
and have relied on published illustrations and descriptions for
species identification, some subj ectivity is inherent in our
comparisons (Tables 1-4) . We have not included the] apanese
report for these data. In order to establish some kind of
uniform baseline for the comparisons, coefficients of similarity
were calculated using the equation 2w/a + b, in which
w num ber of conodont species common to two areas and
a + b total species for the two areas . The results for the 5 areas
(Tables 1 -4) are shown in Fig. 2 .
Soth the Nepal and Spitsbergen sections have their greatest
similarity with the section in the western U . S . Both the Arctic
and the Tethyan sections have 7 species in common with the
U . S . section.
Even this low similarity coefficient (0.35-0.36) is adequate
for demonstration of equivalency of severai stages and zones
by use of the intermediate U . S . section .
=

=

Table 2. Lower Triassic conodonts from Australia. From McTavish
( 1 973 ) .
Neogondolella earinata
N elongata
N jubata
N planata
Neospathodus bieuspidatus
N. eonservativus
N dieneri
N homeri
N. novaehollandiae
N pakistanensis
N timorensis
N waageni
N. alT. diseretus
Ellisonia sp.
Xaniognathus sp.
Table 3. Lower Triassic conodonts from Western United States. From
Carr ( 1 98 1 ) and Pauli ( 1 980) .
Isareicella sp.
Hindeodus typiealis
Ellisonia gradata
Ellisonia triassiea
NeogondolelIa earinata
N mil/eri
N jubata
N timorensis
N n. sp. a
Neospathodus peculiaris
N dieneri
N bieuspidatus
N waageni
N triangularis
N eollinsoni
N homeri
Furnishius triserratus
Pachycladina sp.
Platyvillosus asperatus
Paraehirognathus ethingtoni
Table 4. Lower Triassic conodonts from the U . S . S.R. From Burij
( 1 979) .
Ellisonia triassiea
Ellisonia teieherti
Ellisonia gradata
Ellisonia robusta
Ellisonia delieatula
Ellisonia torta
Ellisonia clarki
Hindeodus typiealis
Neogondolella earinata
N. elongata
N jubata
Xaniognathus eurvatus
Xaniognathus defeetens
Xaniognathus elongatus
Isareicella sp.
Neospathodus kummeli
N dieneri
N eristagalli
N peeuliaris
N pakistanensis
N waageni
N spathi
N triangularis
N homeri
N timorensis
'Prioniodella' prioniodellides
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Fig. l. Number of Lower Triassic con odont speeies in six key areas .

Greatest similarity for Lower Triassic conodonts is that
indicated for the U . S . S .R.-western U . S . sections. A similarly
strong coefficient exists for the Australia-U. S . sections . The
lowest similarity of all Lower Triassic faunas is that between
the Nepal and Spitsbergen sections . We address this problem
in the following pages .

Interpretations
The extremes in similarity coefficients among the vanous
Lower Triassic sections pose fundamental stratigraphic ques
tions : Are there sampling and/or preservation problems? Are
there latitudinal differences that could account for the range of
ecologic factors produced by different climates? What is the
role of provincialism, and what are the biofacies factors?

Sampling and preservation
The section in Spitsbergen and that in Nepal are difficult to
study although exposures are good to excellent. In both
sections every exposed carbonate bed was sampled. The
interbedded cIasties were also sampled but not uniformly. The
cias tie beds did not yield conodonts, therefore, we conclude
that all exposed rocks with potential conodonts were sampled .
Preservation of conodont elements in the two sections is
similar. In both Nepal and Spitsbergen, CAI values of l .S to 5
were obtained . Element abundances are higher in Nepal and
CAI values range in both sections. The question ofsampling or
preservations problems for these sections may be moot.
Latitude dijference
Knowledge of the general paleogeography ofEarth 220 to 200
million years ago ( E arly Triassic) is still sketchy but the best
evidence at hand (e.g., Ziegler 1 98 1 ) indicates that Nepal was
part of the Tethyan sea and probably within 1 0° to 1 5° of the
Triassic equator. Spitsbergen paleogeography is less well
known. Although Birkenmaj er ( 1 97 7 ) suggests that Svalbard
may have been between 28°-30° North, probably most of
Svalbard was at least 60° North, and perhaps even higher,

Fig. 2. Similarity coefficients for Lower Triassic conodonts in 5 areas .
Data from ] apan were not used. I : Nepal-Svalbard . 2 : Nepal-USSR.
3 : Nepal-Australia. 4: Nepal-western US. 5 : Svalbard-USSR. 6:
Svalbard-Australia. 7 : Svalbard-western U S . 8 : Western U S-USSR.
9: Western U S-Australia. 10: Australia-USSR.

although there is no widespread agreement on this (e.g.,
Frakes 1 979) . Therefore there may have been a minimum of
50° difference between the two sections during the Early
Triassic. Although this latitude spread is significant by
modem climate standards, there are suggestions that during
the Triassic this may not have been as important. Invertebrate
and plant assemblages from many Lower Triassic sections
suggest that there were broad, warm climate zones for this
period. Subtropical to warm, temperate conditions probably
extended from 15 to 55° North Latitude. Most of the Earth
probably had average temperatures 20° warmer than at
present ( Frakes 1 979) . The other Lower Triassic faunas
(Tables 2-4) had more uniform latitude addresses than those
of Nepal and Spitsbergen. Clearly the generally uniform world
wide climate patterns interpreted for the Early Triassic do not
indicate that latitude differences were the most important
factors to explain faunal differences and the low similarity
coefficient for Nepal and Svalbard.

Provincialism and paleogeographic barriers
There are presently known at least 40 conodont speeies for the
Lower Triassic. Most of the speeies are known at severaI
localities . In addition, similarity coefficient calculations do
not support provincialism for the Lower Triassic. In fact there
is no distinctive fauna with elements unique to any one area.
The general withdrawal of seas from the shallow shelf areas
during the earliest Triassic may have produced paleogeo
graphie barriers that were not present before eustatic lower
ing. Nevertheless, during the Early Triassic there apparently
was more or less free interchange ofspecies in the oceans and it
is safe to assurne that geographie barriers were not a significant
factor producing faunal differences .

Biofacies
The Lower Triassic section of Spitsbergen consists of cIasties,
many coarse, and a few thin interbedded carbonates . In
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Fig. 3. Basinal, outer-shelf and inner-shelf conodont biofacies for
western U . S . Lower Triassic. Environmental range ofmost speeies is
approximate. Key speeies for biostratigraphy appear for intervals

representing stratigraphic range . This figure is the basis for the
ecologic calculations referred to in text.

general, the section includes a greater proportion of c1astics in
the younger parts . Middle and Upper Triassic sections are
predominantly c1astic. Sixty-six samples were taken, ofwhich
28 yielded conodont elements. The carbonates that yielded
conodonts averaged 50 % insoluble material. Overall, 75 %
insoluble residue was the average for all samples . The section
has been studied by sedimentologists who generally have
argued for a deltaic-tidal zone interpretation for environment
of deposition (Buchan et al. 1 965; Birkenmaj er 1 9 7 7 ; Gazd
zicki & Trammer 1 9 7 7 ) . Our field and laboratory observa
tions on percentage of coarse c1astic material and rareness of
open-marine invertebrates support these interpretations . In
addition, we have attempted to c1assify the conodont species
present in Spitsbergen by comparison with a 'North American
Biofacies Standard' (Fig. 3 ) , based on extensive collections
whose paleogeography and carbonate petrology have been
determined ( Pauli 1 980; C arr 1 98 1 ; Carr & Pauli 1 98 1 ) . Six of
the Spitsbergen species are the same as those interpreted to
range (in the western North America section) from the outer
shelf to the bas in; a total of 46 % of the ecologically c1assifiable
Spitsbergen species are the same that elsewhere are inter
preted to range from outer shelfto basin. A single species from

Spitsbergen is the same as a western North America species
that has been interpreted to range onto the inn er shelf.
In contrast, the Lower Triassic section in Nepal consists of
shales at the base and has thin nodular carbonates through
out. Most of the carbonates are fine grained, and ammonites
and other pelagic and benthic fossils are present. The nodular
carbonates have been interpreted to represent an environment
that may include water depths of375-500 m (Hatleberg 1 982) .
Some 56 % of the samples yielded conodonts and less than
1 0 % insoluble material remained after acidization . Com pari
son of the species present shows that 78 % , are the same as
those in western North America that have been interpreted to
range from the ou ter shelfinto the basin. No inner-shelf species
are present.
The lithofacies clearly suggest different environmental
parameters for the two sections. The Spitsbergen section
probably represents shallow-marine ( 1 0-30 m) to deltaic
deposits with little carbonate but abundant c1astics . The
Nepal section represents deeper basinal deposition (375-500
m) and consists of thin nodular carbonates with abundant
pelagic and benthic fossils .
Comparison of the percentage of species c1assifiable with
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North American species is more subj ective but indicates that
46 % of the Spitsbergen species and 78 % of the Nepal species
represent outer-shelf to basinal taxa. These different percen
tages are interpreted to indicate important biofacies differ
ence. Taken together, the petrologic and faunal data argue for
differences in environment of deposition for the sections;
similarly coefIicient calculations confirm that different cono
dont biofacies characterize the different lithofacies .

C onclusions
The faunal comparisons for severai maj or Lower Triassic
sections provide data that indicate the sections in Nepal and
Svalbard are most dissimilar. Biofacies differences may be
sufIicient to account for this dissimilarity in spite of obvious
latitudinal and possible climatic differences in the two sec
tions. We suggest that the Svalbard section represents the
inner part of the marine outer shelf environment during the
Early Triassic, while the Nepal secton represents more outer
shelf to basinal conditions.
The coefIicient ofsimilarity probably is a good expression of
biofacies similarity. Sections that represent a basinal environ
ment and an inner-shelf environment would have a similarity
coefIicient of O (i.e. no species in common) for the Lower
Triassic. Sections from basinal and outer shelf edges would
show higher coefIicients . The USSR-US-Australia coefIi
cients are very s trong ( Fig. 2) and probably indicate that very
similar biofacies existed in the sampled areas during the Early
Triassic. The very low coefIicient for Nepal-Svalbard (0. 1 0,
Fig. 2 ) , as is suggested in this report, indicates more dissimilar
biofacies, perhaps toward the extremes of basinal and shelf.
Although documentation of biofacies differences in diffe
rent sections is of considerable importance in understanding
such things as low coefIicient of similarity of the contained
fauna, a second and perhaps more important conclusion
results from these observations. This is the possibility that
conodonts may have predictive power in biofacies definition.
Ifa matrix could be arranged that included the biofacies range
of various species based on reliable paleogeographic, faunal
and petrologic studies, these species might then be used in
biofacies interpretation of sections for which iittle petrologic or
paleogeographic data are available. For a group such as
conodonts whose members were predominantly parts of the
pelagic realm, understanding of biofacies may account for
most or all of the differences that are suggested by differences
in similarity coefIicients .
C learly better data are needed for the basic biofacies matrix
for each series or stage of the various periods during which
conodonts were part of the marine fauna. Quantitative data
for the various intervals could allow the use of species
assemblages in biofacies definition ofrelatively poorly studied
or understood sections. This is a well-defined challenge for the
serious conodont student.

Conodont distribution in the Lower Triassic
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Eight distinctive populations of the conodont Epigondolella occur in the Norian (U pper Triassic) of
British Columbia. Each is associated with rich ammonoid faunas. Intercalibration or the faunal
succession through a remarkably complete Norian sequence is documented . The range of
morphological variety within each conodont population is presented, a central morphotype is
selected, and its growth series described . The problems arising from an inadequate appreciation
of growth stages and of homemorphy are stressed . New cri teria for species determination are
outlined, including the nature of microreticulation . The following succession is recognized: E.
primitia - restricted to the S. kerri Zone; E. abneptis subsp. A - upper S. kerri and lower M. dawsoni
Zones; E. abneptis subsp. B - upper M. dawsoni and}. magnus Zones; E. multidentata D. ruther/ordi
Zone; E. n. sp. C - Iower lower M. columbianus Zone; E. postera- upper lower M. columbianus Zone; E.
n. sp. D - Iower upper M. columbianus Zone; and E. bidentata - G. cordilleranus and C. amoenum Zones .
D Conodonta, Epigondolella, biostratigraphy, evolution, Triassic, British Columbia.
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The Pardonet Formation ( McLearn 1 960) of northeastern
British Columbia in western C anada is a thin (maximum of
about 1 35 m) but remarkably complete succession of Norian
(Upper Triassic) strata deposited near the edge of the
Cordilleran miogeosyncline. Now exposed in the Rocky
Mountain foothills, particularly in the area ofPeace River, the
formation consists of dark calcareous siltstones and shales
with subordinate coquinoid limestones (see Gibson 1 9 7 1 :22-3
for details) of relatively deep-water origin that contrast
markedly with the C arnian dolomites of the underlying
BaIdonneI Formation.
The Pardonet Formation contains rich ammonoid faunas
that have been central to the development of a biochronolog
ical standard for late Triassic time (Tozer 1 967) . New
exposures of the formation, resulting from damming of the
Peace River, have be en studied and sampled in collaboration
with E.T. Tozer, who has recognized sequences ofammonoid
faunas embracing the zones of Stikinoceras kerri, Malayites
dawsoni, Juvavites magnus ( Lower Norian ) , Drepaniceras ruther
fordi, Mesohimavatites columbianus ( Middle Norian) and
Gnomohalorites cordilleranus (Upper Norian) . Abundant cono
dont faunules have been recovered from all of these zones .
EIsewhere in western Canada, rare conodonts have also been
found in strata assigned t6 the Cochloceras amoenum Zone
( Upper Norian ) .
This paper outlines the succession o f Epigondolella species,
establishes criteria for recognizing and distinguishing eight
principle species-complexes, and presents their relationship
with each other and with the ammonoid standard .
Illustrated specimens are deposited with the Geological
Survey of Canada in Ottawa.

Epigondolella populations
Conodont faunules from the Pardonet Formation include
abundant representatives of the discrete platform element of
Epigondolella. Eight successive Epigondolella populations cover
ing the Norian ammonoid zones of S. kerri through C. amoenum
(Fig. I ) are recognized . Within each population examples of
the diverse array ofmorphotypes, including representatives of
different growth stages, have been chosen for illustration
(Figs. 2, 4, 6, 8, 1 0, I l , 1 3 , 1 4 ) Of these, the most common
element type has been selected as a central morphotype (shown
shaded in the figs . ) .
Each population comprises specimens in addition to the
central morphotype that have characteristic features in
common with it, yet in some respects appear markedly
different, particularly if considered in isolation . To a large
extent individual conodont elements form points in a broad
morphological continuum that I have attempted to illustrate
and describe below (see also Fig. 1 4) . Many individual
morphotypes of a population can be hypothetically derived
from different growth s tages (freq uen dy the earlier ones ) of the
central morphotype by the retention of certain characteristics
or the exaggeration of certain trends. Most members of a
population may be linked as shown in Fig. 1 4, which shows
these relationships within Epigondolella bidentata, the youngest
and structurally least complex of the epigondolellids. In this
way, stratigraphically restricted, but less com mon morpho
types are generated in each population in addition to the
central morphotype. These specimens are often homeomor
phi c with structurally com para ble morphotypes of a different
age.
.
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In some species of Epigondolella, early growth stages are
quite different from later ones, but may resemble later growth
stages of other species. This phenomenon of neoteny, recog
nized in Epigondolella by Mosher ( 1 970: 740) , demands that an
accurate determination of growth stages be made, which
requires a full appreciation of scale. This work attempts to
define the growth series of each Epigondolella species as
exemplified by its central morphotype. Put in to this perspec
tive, it becomes clear that many Epigondolella species, and their
stratigraphic range, have been misinterpreted.
There follows an outline of the eight Epigondolella species
complexes recognized herein, and their age. New systematics,
numerical and stratigraphic detail will be presented in a future
paper.

The Epigondolella primitia population
Figs. 2, 3 A, B, F, 7 A, L, X, 1 5 A, B, C

Epigondolella primitia was originally described by Mosher
( 1 970) . The type material was recovered from the matrix of
S. kerri Zone ammonoids from Brown Hill on Peace River.
Abundant collections from the type locality and elsewhere
demonstrate the extent of variation within populations of the
species . This is shown in Fig. 2, and described below.
Plaiform shapes. - Generally elongate, length to breadth ratio of
between 2: I and 3: I , commonly 5 : 2 . Small specimens have a
characteristic mid-platform constriction (Fig. 2 R, J ) . Late

Fig. 2. Central morphotype growth series (shaded speeimens) and
morphological variation in Epigondolella primitia populations. The
scale bar is I mm long.

growth stages may have either subparallel margins (Fig. 2 B,
C, D, I) or wedge-shaped posterior platforms ( Fig. 2 A) . Some
specimens are tapered to a narrowly rounded posterior
termination (Fig. 2 H l , which is pointed in rare specimens
(Fig. 2 M, N, O ) . Generally, the posterior margin is squared
off; rarely it is irregular due to undulations of the platform
margins (Fig. 2 B ) . Specimens sometimes have a linguiform
posterior when one postero-lateral margin is more strongly
developed and the axis of the conodont is flexed : this condition
occurs in younger epigondolellids too.
Plaiform ornament. - Almost entirely restricted to the anterior
platform margin. Three to five, round to transversely elongate
nodes occur on each side, except in the earliest growth stages,
and in rare larger specimens, in which there is on ly one ( Fig.
2 Q) . Nodes are generally subequal in size, well differentiated
and discrete ( Fig. 2 A, B) but may be subdued and coalescing
(Fig. 2 E ) ; rarely, they are only feebly developed . Posterior
platforms are characteristically free of relief; occasionally they
may be marginally undulose, but they are never serrate.
Carina. - Nearly always subterminal. Small specimens display
a prominent subterminal cusp (Fig. 2 K) , which becomes
subdued with additional platform growth. Uncommon mor
photypes ( Fig. 2 M, O) have a posteriorly continuous carina as
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well as a narrow, pointed platform . Large speeimens may
develop secondary carinae.
Free blade. - Between one-third and one-half total unit length,
decreasing with growth, arcuate in profile and becoming
progressively lower onto the platform.
Lower-side morphology. - A pit with a dis tinet lip is situated
posterior of the platform midlength. The basal attachment
area may be bifurcate in those large speeimens with marked
postero-Iateral growth ( Fig. 2 F) .
Microreticulae. - Present over the whole of the platform except
for the carina and an area surrounding it on all sides . This is
manifest as a distinet marginal band that contrasts sharply
with a smooth adcarinal area. The reticulae consist of closely
shaped, equidimensional pits that have a diameter of about
l O !lm (Fig. 3 A, B, F) .
Central morphotype growth series. Growth proceeds through an
early bidentate condition (Fig. 2 S) by increase in the size ofthe
anterior platform and in the number of marginal nodes . The
posterior platform expands laterally less quickly, but the
medial part shows least growth initially so that a mid-platform
constriction arises . Thereafter, subparallel platform margins
are developed by medial filling-in ( Fig. 2 I ) : this is the
condition of the holotype. Later growth may be uniform (Fig.
2 D) or the posterior platform may outstrip anterior growth to
produce wedge-shaped outlines (Fig. 2 A) .
-

Comparisons. - Uncommon specimens that are relatively short
(Fig. 2 C, Pl mimic E. abneptis but may be distinguished by the
relatively low anterior nodes, which are also more numerous,
and the rounded postero-Iateral platform margins . Further,
microreticulae are more uniformly developed marginally,
including over the nodes. Specimens that have a
posterior carina ( Fig. 2 M, N, O) vaguely resemble E.
multidentata but both the carina and anterior nodes of the latter
species are much more prominent and the microreticulae are
totally different, as is the case also with bidentate (one denticle
on each side of the carina) specimens (Fig. 2 Q) that resemble
E. bidentata (see below) .
Age. - The E. primitia population described above appears at
the base of the Norian and occurs throughout its range with S.
kerri Zone ammonoids. Late C arnian E. primitia? occurs within
faunules dominated by gondolellids of the ParagondolelIa
polygnathiformis - Metapolygnathus nodosa group but its mor
phological va ria ti on within those faunules has yet to be
assessed .

The Epigondolella abneptis subsp. A population
Figs . 3 D, E, G, 4, 7 B, M, N, Y, 9 A, 1 5 D, E, F

Epigondolella abneptis was originally described by Huckriede
( 1 958) from the Hallstatt Limestone at Sommeraukogel,
Austria. The type material was recovered from strata contain
ing an ammonoid association referred to the Cyrtopleurites
bicrenatus Zone. Krystyn ( 1 980:90) elucidated the faunal
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succession at Sommeraukogel and demonstrated that the C.
bicrenatus-Fauna proper is more restricted than originally
thought. The precise stratigraphic origin of the type of E.
abneptis is therefore in doubt.
The species is the most generalised of the epigondolellids .
All previous authors have regarded it as ranging throughout
most of the Norian as well as the late Carnian. Previous
attempts to subdivide it have not substantially improved its
stratigraphic utility. I recognize three distinct abneptis-like
homeomorphs, of Late Carnian, Early Norian and Middle
Norian age. Each arose independently from non- 'abneptid '
predecessors . Additional species also occur that might fall
within the existing, rather broad concept of the species and this
has undoubtedly led to the long range attributed to E. abneptis.
Pending a study of the type material and a rationalized
taxonomy, I retain the name E. abneptis for the early Norian
species (e.g. Mosher 1 973) . Two broad groups may be
distinguished, based on the morphology of the posterior
platform. In addition, severai distinct morphotypes of strati
graphic value are recognized . Variability within E. abneptis
subsp. A populations is illustrated in Fig. 4.
Plaiform shapes. - Relatively squat elements with an ave rage
platform length to breadth ratio of about 3 : 2 . This contrasts
marked ly with E. primitia populations as shown graphically in
Fig. 5. Posterior margins are generally quadrate, although the
'linguiform condition' distorts this symmetry (Fig. 4 O, Q) .
Some forms become increasingly wedge-shaped posteriorly,
and this reaches an extreme in specimens that have sharp,
strongly extended, postero-Iateral corners (Fig. 4 F) . Other
specimens, generally more elongate, have rounded posterior
terminations ( Fig. 4 K, L) .
Plaiform ornament. Nodes or denticles are generally restricted
to the anterior but are fewer in num ber (usually two or three)
and have greater relief than those of E. primitia. The posterior
platform is generally smooth or has incipient nodes developed
marginally, particularly at the postero-Iateral corners or at the
posterior border in line with the carina ( Fig. 4 E, Fl , or as
secondary carinae ( Fig. 4 B) . Specimens with distinct pos
terior ornament are rare and never have nodes as strongly
developed as those anteriorly.
-

Carina. Always subterminal, even in early growth stages .
Rare specimens with crenulated posterior margins may have a
marginal node aligned wi th the carina and in some late growth
stages, one or both secondary carinae may extend to near the
postero-Iateral corner.
-

Free blade. - Generally one-third unit length, with convex
profile.
Lower-side morphology. -A pit with a dinstinct lip is situated at or
slightly posterior of platform midlength. A bifurcate keel is
common.
Microreticulae. - Present over much ofthe platform but receding
from the more prominent anterior nodes . For the most part
com para ble to that in E. primitia but showing elongation,
enlargement and decreasing relieftoward the carina (Fig. 3 D,
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Fig. 5. eraphieal illustration of the ehange in platform proportions
between faun ule A
E. primitia from esc Loe. No. C-87908, and
faunule B
E. abneptis subsp. A from esc Loe. C-87909. The
eolleetions, from Brown Hill, were made 1 . 5 m apart.

E, G) . This is an initial stage in the development of the more
subdued, open reticulae that characterize Middle Norian
epigondolellids.

Age. - E. abneptis subsp. A appears abruptly within the late S.
kerri Zone. At Pardonet Hill, its appearance corresponds to a
distinctive Aulacoceras belemnite-ammonoid bed . Epigondolella
faunules from low in the M. dawsoni Zone are not abundant but
are probably referable to E. abneptis subsp. A. Thereafter,
representatives of this complex, if present, are strongly
subordinate to E. abneptis subsp. B. Rare specimens resem
bling the central morphotype persist throughout the remain
der of the Lower Norian, but not beyond it.

-

Central morphotype growth series. Growth proceeds uniformly
from an early stage that strongly resembles later stages except
that they have fewer anterior nodes ( Fig. 4 R, Q, P, O, I , D, A) .
Comparisons.

-

See E. primitia and E. abneptis subsp. B.

Fig. 3 . Mieroretieulation on t h e platforms of Lower Norian epigon
dolellids. Arrows indieate positions ofillustrated detail. DA, B, F. E.
primitia. Note uniform, eompaet retieulation. DA. GSC 68846 ( Fig.
15 B ) from Pardonet Hill, GSC Loe. No. 0-985 1 4 . x 500. DB, F . GSC
68869 from Brown Hill, GSC Loe. No. C-87908. X 80, x 2 1 0 . DC. E.
abneptis subsp. B, late form. esc 68870 ( Fig. 9 I) from MeLay Spur,
esc Loe. No. 0-9853 7 . x 80. OD, E, e. E. abneptis subsp. A. OD. esc
688 7 1 ( Fig. 9 A) from MeLay Spur, esc Loe. No. 0-98538. x 80.
DE, e. esc 688 72 from Pardonet Hill, esc Loe. No. 0-98509. X 80,
x 350. Note more open, finer retieulae toward carina. OH, I , ] , K, L.
E. abneptis subsp. B , early forms. Note that compaet retieulae are
eonfined to nodes whereas open form eharaeterizes platform . OH, ],
L. esc 68873 from B rown Hill, esc Loe. No. C-879 1 2 . X 1 200, X 80,
x 500. D I , K . esc 68874 from Brown Hill, esc Loe. No. C-879 1 3 .
x 300, x 80 .
=

=

=

=

=

The E. abneptis subsp . B population
Figs. 3 C, H, I , ] , K, L, 6, 7 C , O, P, Q, R, Z, 9 1 , 1 5 G, H, I

The upper half of the Lower Norian is dominated by strongly
ornate epigondolellids . Although similar in relative dimen
sions to E. abneptis subsp. A, the species-complex is charac
terized by a distinctive growth series and by morphotypes that
allow further subdivision of the interval . Morphological
variation is illustra ted in Fig. 6 .

-

Plaiform shapes. Relatively squat elements with a length to
breadth ratio comparable to E. a. subsp. A, but with fewer
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elongate morphotypes, and including elements with virtually
equidimensional platforms. Most are subquadrate apart from
the early growth stages, which are narrow and pointed .
Irregular outlines are produced by strong marginal ornament.
Elements with round posterior margins, present throughout
the Lower Norian, become progressively more expanded
laterally producing flask-shaped outlines (Fig. 7 L-P) . This
trend appears to have stratigraphic utility, as does a further
trend toward increasing asymmetry of the posterior platform
whereby one postero-Iateral lobe is developed more strongly
posteriorward ( Fig. 6 B, D, E ) . In the upper ]. magnus Zone,
rare elongate elements with one posterior lobe suppressed
(Fig. 6 C) appear; these are similar to some Middle Norian
epigondolellids .
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Fig. 6. Central morphotype growth series (shaded speeimens) and
morphological variation in Epigondolella abneptis subsp. B populations.
The scale bar is I mm long.
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Fig. 7. Some intraspecific morphological variability ( horizontal links)
and phylogenetic trends (vertical arrows) in some Lower Norian
epigondolellids. DA, B, C. Relatively squat morphotypes. DL, M, N.
Morphotypes with rounded posterior platforms. DO, P. Morpho
types with increasing latero-posterior growth . OQ, R. Morphotypes
with asymmetric posterior growth. OX, Y, Z. Relatively elongate
morphotypes.

Carina. - In small specimens, the canna persists to the
posterior tip ( Fig. 6 T, U ) but with continued growth the
terminal platform node and the carina become separated (Fig.
6 O ) although rare specimens retain the continuity into later
growth stages (Fig. 6 P) . Secondary carinae are common and
in the stratigraphically youngest representatives of the group
(see above) the central ( terminal) node of the primary carina
may be connected to the tip of the enlarged posterior lobe (Fig.
6C).

-

Fru blade. Between one-quarter and one-third unit length,
with a strongly convex profile.
Lower-surface morphology. - A p i t with a strong lip i s situated at or
slightly anterior of platform midlength . Bifurcate keels are
common.
Microreticulae. - Less com mon on the strongly ornate speci
mens . When present they are marginally developed and
generally restricted to the posterior platform. For the most
part they are of the open, irregular type ( see E. multidentata) ,
but the compact s tyle i s often preserved on denticle ridges and
platform edges (Fig. 3 C , H, I , j, K, L) .
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Central morphotype growth series. - The smallest elements are
bidentate ( Fig. 6 U ) . I n itially, nodes are added anteriorly with
only a minor increase in posterior platform width (Fig. 6 T) .
Subsequently, nodes are added in postero-Iateral positions
giving the elements their characteristic subquadrate outline,
and thereafter marginally as the elements grow more
uniformly ( Fig. 6 0, 1, I, H) .
Comparisons. - Their strongly ornate character separates E.
abneptis subsp. B from other Lower Norian conodonts . Similar
elements occur in the Middle Norian but they are charac
terized by one or more of the following features : a continuous
carina, a more elongate form, more asymmetrically disposed
nodes, a longer free blade, a more anteriorly situated slit-like
pit without a dis tinet lip and/or a style of microreticulae that
does not include the close-packed form.
Age. - E. abneptis subsp. B ranges from within the M. dawsoni
Zone through the J. magnus Zone, up to the Lower/Middle
Norian boundary.

The Epigondolella multidentata population
Figs. 8, 9 E, H, 1 2 A, B, L, X, Y, 1 5J, K, L

The type ofE. multidentata Mosher 1 970 was recovered from the
D. rutherfordi Zone at the Crying Girl locality of the Pardonet
Formation. Rich collections from that zone at the type locality
and along the Peace River demonstrate a range of variation
illustrated in Fig. 8 .
PlatJorm shapes. - Six, partly intergradational morphological
categories are recognized. The central morphotype (e.g. Fig.
8 I) is the most common and compares closely to the holotype.
It is characteristically elongate having a length to breadth
ratio of about 3: I . The platform generally has subparallel
anterior margins and thereafter tapers, often sinuously (the
linguiform condition) , to a posterior point, although there is
frequently a node adj acent to the posterior tip, which produces
a narrow, squared-off termination: this is the case in the
holotype. An extension of the latter trend produces speeimens
that bear relatively broad posterior outlines ( Fig. 8 D) . A
further, less common morphotype is relatively short, and is
characterized by rounded posterior platform margin (Fig. 8 M
to O) . A rare morphotype is plano-convex in upper view (Fig.
8 C ) . Two additional morphotypes ( Fig. 8 E, H) are distin
guished on the basis of platform ornament but have platform
proportions similar to the central morphotype.
PlatJorm ornament. - The maj ority of speeimens that occur in
faunules in the lower half of the D. rutherfordi Zone are
characterized by strong anterior denticles numbering be
tween two and four. Rare morphotypes have only a single
denticle on one margin (Fig. 8 H ) , a morphology that becomes
very common in the upper Middle Norian. The posterior
platform is typically smooth although one marginal node may
occur, particularly on the posterior border. In the upper part
of the D. rutherfordi Zone, speeimens with strong marginal

M

t

Fig. 8. Central morphotype growth series (shaded speeimens) and
morphological variation in Epigondolella multidentata populations . The
scale bar is I mm long.

ornament throughout their length ( Fig. 8 E ) , which are
uncommon earlier, be come dominant whilst the predomi
nantly smooth morphotypes give way to forms with an
increasing num ber of marginal nodes, usually on one side.
This imparts a strong asymmetry to the elements, and
represents a trend that culminates in Epigondolella n. sp. C (Fig.
1 2 A to C ) .
Carina. - From the beginning of Middle Norian time, epigon
dolellids are characterized by � prominent carina that
extends, and generally rises, to the posterior tip of the elements
(Fig. 8 L) . In a few elements the continuity is not complete
(Fig. 8 D, F) but the carina is nevertheless prominent. This
morphology appears suddenly and is most evident in the early
D. rutherfordi Zone. Subsequently, the carina becomes less
prominent in E. n. sp. C but most other Middle and Upper
Norian epigondolellids are characterized by a posteriorly
extended carina, and thus differ from most of those in the
Lower Norian.
Free blade. - This is between one-quarter and one-third unit
length and has an arcuate profile. Some younger representa
tives develop a shorter blade than is typical of the central
morphotype.
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Lower-side morphology. The pit is slit-like and is not surrounded
by a prominent lip . The basal attachment scar is elongate and
extends far posterior ofthe pit, which is situated anterior of the
platform midlength .
-
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coupled with an asymmetri c development of the postero
lateral margins. Fig. 10 il!ustrates morphological variation
within the population .

PlatJorm shapes. Compared with the platform element of E.
multidentata, that of E. n. sp. C is relatively squat and some
elements have rectangular platforms ( Fig. 10 S, T) . A more
com mon shape is distinctly asymmetric with one margin
laterally expanded at midlength and then incurved to meet the
posteriormost point of the element on the opposite margin
( Fig. 1 0J ) . Many of the elements have very irregular outlines
due to the outgrowth of strong marginal nodes. Some speci
mens have symmetrical, subparallel or weakly convex mar
gins and squared-off posterior borders ( Fig. I O F, G, M ) ,
others have rounded posterior outlines ( Fig. 1 0 N, R) .
-

Microreticulae. The development of micro-ornament in post
Lower Norian epigondolellids continues the trend that began
with the development of E. abneptis. E. multidentata is charac
terized by a total absence of compact reticulae. Instead,
platform margins may be covered ( they are not always
present) by a relatively faint, very irregular anastomosing
network in which subdued ridges are commonly up to 20 !lm
apart ( Fig. 9 E, H ) . This st yle of reticulae has completely
replaced the compact form.
-

Central morphotype growth series. As exemplified in Fig. 8 T, S,
R, P, I , B, A, growth begins with a very elongate form . Anterior
nodes are added prior to the enlargement of the posterior
platform.
-

Comparisons.
The prominent carIna and elongate form
separates these specimens from all others . Rare squat forms
with rounded margins ( Fig. 8 O) resemble elements of E.
postera but the anterior denticles are more numerous and the
whole element is more robust. See also E. n. sp. D.
-

Age. - E. multidentata ranges through the D . rutherfordi Zone, bu t
the ornate morphotypes replace the central morphotype in the
upper part of that zone (and allow subdivision of it) , and
typical specimens are not found later. Elements resembling
early growth stages of the central morphotype do occur in late
Middle Norian faun as but they are referred to E. n. sp. D.

The Epigondolella n. sp. C population
Figs . 9 B, C, G, 1 0, 12 C , D, Z, 15 M, N, o

At the beginning of M. columbianus Zone time, conodont faunas
become dominated by Epigondolella n. sp. C, a homeomorph of
E. abneptis subsp. B. At the moment, there is uncertainty as to
which species should bear the name E. abneptis, but they are
clearly different and I do not regard the younger as having
developed directly from the older. Rather, E. n. sp. C
developed from the central morphotype of E. multidentata by
way of a general reduction in length and in pos terior carina
prominence and an increase in posterior ornamentation

PlatJorm ornament. As in all Middle Norian epigondolellids,
anterior denticles are strongly developed . These num ber
between one and three, relatively fewer on ave rage than in E.
multidentata; two nodes on one side and one on the other, a
condition seen on ly rarely in populations of the latter, is more
common. Posteriorly, early growth stages and rare large
specimens are smooth ( Fig. I O N, R) whereas other sub
symmetrical elements have either completely nodose pos
terior margins ( Fig. 10 F) , or one lateral margin that is ornate
( Fig. 1 0 G) , or bears nodes on ly on the posterior border ( Fig.
10 M) . To an extent, all ofthese specimens intergrade with the
central morphotype in which nodes are developed initially,
and thereafter more strongly, on one postero-lateral margin,
whereas the opposite, less expanded, margin carries fewer or
sometimes no nodes. The postero-lateral corner of the
expanded margin bears the strongest node, which is ulti
mately responsible for the subquadrate outline of some
platforms (e.g. Fig. 10 O ) . In such specimens it is com mon for
the anteriormost platform nodes to be unpaired .
-

Carina.
C arina development is variable in this group of
conodonts . In many elements it extends to the posterior end ,
but it is not especially prominent. In the central morphotype,
the carina tends to become progressively retarded through
growth in conj unction with the increased development of one
postero-lateral corner. Ultimately, the terminal node of the
carina becomes indistinguishable from adj acent marginal
nodes, while anteriorly the carina is represented by discrete,
often large nodes occupying a central position on the platform
( Fig. 10 S, T) .
-

Free blade. Rather variable. In some specimens relative ly
long, like that of E. multidentata, in others shorter, like that of E.
postera (see below) .
-

Fig. 9. Mieroretieulation of some Lower and Middle Norian epigon
dolellids. Arrows indieate positions ofillustrated detail. Bar = 20 !tm,
exeept C = 10 !tm. DA. E. abneptis subsp. A. GSC 688 7 1 (= Fig. 3 D)
from MeLay Spur, GSC Loe. No. 0-98538. x 9 1 O . Note marginal
eompaet retieulae passing into subdued irregular retieulae toward
earinae. DB, C, G. E. n. sp. C. GSC 68876 from Crying Girl, GSC
Loe. No. 0-83835. X 1 000, x 2 700, x 80 . Note superimposition of two
generations of subdued, irregular retieulae. OD, F. E. n. sp. D. GSC
68875 from Blaek Bear Ridge, GSC Loe. No. 0-98548 . X 800, X 80.
Note irregular, discontinuous striae replacing retieulae. DE, H . E.
multidentata. GSC 688 7 7 from Brown Hill, GSC Loc. No. C-8792 1 .
X 8 1 O, x 80. Note subdued, irregular retieulae eovering platform
margin. D I . E. abneptis subsp. B. GSC 68870 (= Fig. 3 C) from MeLay
Spur, GSC Loe. No. 0-9853 7 . x 900.

Lower-surface morphology. A slit-like pit is situated anterior,
sometimes far anterior of platform midlength . There is no
dis tinct protuberance surrounding it. The basal scar may be
bifurcate but secondary branches are developed laterally from
the principal scar rather than arising from its division, as may
be envisaged in E. abneptis.
-

Microreticulae. Often difficult to detect on the strongly ornate
elements but present marginally and on the sides of platform
-
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Comparisons. Specimens of E. n. sp. C that develop posterior
symmetry strongly resemble E. abneptis subsp. B but speci
mens of the latter are generally more symmetrically developed
anteriorly . In young E. abneptis subsp. B populations, in which
posterior asymmetry develops, one postero-Iateral lobe is
developed in a relatively medial position . In general, E.
abneptis bears nodes that have a stronger vertical component of
growth than E. n. sp. C . Hence, in upper view, elements of E.
abneptis subsp. B are not as marginally serrate. Other criteria
that may be used in distinguishing the two species are the
relative blade lengths (compare Figs . 6 K, 10 Q) , the frequent
suggestion of posterior carina continuity in E. n. sp. C, the
position and shape of the pit and its surrounding area, and the
presence of'residual' compact reticulae in E. abneptis subsp. B.
Morphological variability within populations of the two
species are quite different too.
-

Age. - E. n. sp. C characterizes the lowermost division of the M.
columbianus Zone of the Middle Norian . It is replaced toward
the top of that interval (M. columbianus I ) and especially in the
zone of M. columbianus 2, by E. postera.

The Epigondolella postera population
Figs . I l , 12 M , N , O, P, Q, R, S, T, 1 5 P, Q, R

Fig. JO. Central morphotype growth series (shaded speeimens) and
morphological variation in Epigondolella n. sp. C populations. The
scale bar is l mm long.

denticles. It is of the subdued, irregular-network type, like that
ofall post-Lower Norian epigondolellids. The phenomenon of
superimposed reticulae was first observed in a specimen of E.
n. sp. C, although I have subsequently recognized it in other
species that bear the irregular style of reticulae. In these
specimens, the latest reticulae development appears to be
superimposed completely randomly over an earlier set that,
although faint, can still be seen at high magnification. I t is
possible that the greater relief of the early Norian compact
reticulae arises from the superimposition of later sets exactly
over earlier ones, whereas the pattern that characterized
younger species remains subdued because it is never dupli
cated.

Central morphotype growth series. Asymmetry of the posterior
platform arises at an early stage in the growth of E. n. sp. C
( Fig. 1 0 V) . This morphology is essentially that retained by
the next younger species E. postera. Growth proceeds with the
addition of pos tero-Iateral nodes on the expanded margin as
well as generally even growth elsewhere ( Fig. 10 U, P) . Later
growth tends to emphasize the earlier asymmetry as one
postero-Iateral margin expands to rival the posterior carina in
position and development ( Fig. 10 K, J, B ) . This is often
accompanied by a posterior shifting of the anterior denticles
on the expanded side producing anterior asymmetry as
posterior symmetry increases ( Fig. l O S, T) .
-

The type of E. postera ( Kozur & Mostler 1 97 1 ) came from the
Middle Norian of Sommeraukogel, Austria. Available illus
trations of this specimen correspond closely to elements that
dominate collections from the M. columbianus 2 Zone in NE
British Columbia. Fig. I I illustrates representative mor
phologies of the E. postera population.

Platform shapes.
The platform elements of E. postera are
smaller than those ofolder species ofEpigondolella and mark the
beginning of a general diminution in size of the genus that
continued until its extinction. This trend is evident even
within the range of E. postera and provides the means to
subdivide the interval. The oldest faunules are characterized
by relatively elongate specimens (Fig. I I D, I, cf. Fig. 10 C, D)
that often gradually taper to a point, although the margins
may be very irregular due to node development. Rather squat
elements, often with lo bate outlines like the holotype, charac
terize the younger faunules . They may taper to a point ( Fig.
I l U) but are frequently posteriorly rounded ( Fig. I l V) or,
with node development, squared-off. The abruptly termi
nated morphotypes ( Fig. I I G, M) in association with biden
ta te elements (see below) characterize the youngest faunules .
-

Platform ornament. The common anterior morphology of E.
postera comprises three prominent denticles : two on one
platform margin and one on the other. Less commonly, there
are as many as three on one margin, but unequal development
of the two margins is normal. In the upper part of the range,
bidentate morphotypes appear ( Fig. I l P, T, Y, Z, AA) . The
posterior platform is commonly unornamented but single
nodes may be developed on one lateral margin ( Fig. I I D, F,
Y ) , on one postero-Iateral margin ( Fig. 1 1 K, L, M, T) , or on
both sides of the posterior carina (Fig. I I H, G) . Less common
-
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Fig. 11. Central morphotype growth series (shaded speeimens) and
morphological variation in Epigondolella postera populations. The scale
bar is I mm long.

specimens bear multiple nodes on one ( Fig. I I J ) or both ( Fig.
I l A, B, C) margins .

Carina. - Generally continuous to the posterior tip but
sometimes terminating in front of this point ( Fig. I l R, W,
AA) . I t is often prominent posteriorly ( Fig. I l X) , especially in
small specimens, but with platform growth it may become
relatively submerged ( Fig. 1 1 S) .
Free blade. - Many specimens of E. postera have a short high
blade with relatively few stout denticles ( Fig. I l X) . This type
ofblade is characteristic ofthis and all younger representatives
of the genus whereas a longer blade is more common in D.
rutherfordi and basal M. columbianus Zone faunas . Some speei
mens ( Fig. I l S, Y) still retain a long blade, but they are rare.
Lower-side morphology. - A slit-like pit without a lip is situated
anterior of platform midlength .
Microreticulae. - Not frequently observed but when present are
marginal, subdued and irregular.
Central morphotype growth series. - As with most if not all
epigondolellids, small specimens of E. postera are bidentate.
General enlargement of the platform is accompanied by the

Fig. 12. Some intraspecific morphological variability (horizontal
links) and phylogenetic trends (vertical arrows) in some Middle
Norian epigondolellids. DA, B, C. Development of E. n. sp. C from E.
multidentata via an intermediate morphology. DX, Y, Z . Uncommon
morphotypes in successive faunules characterized by an E. postera-like
morphology. DL. Elongate, 'tridentate' element with E. postera-like
morphology. DM, N , O, P, Q. E. postera morphotypes showing
possible derivation by retention of 'j uvenile' characteristics (N) of E.
n. sp. C, and/or development from E. postera-like variants L, X, Y, Z .
Speeimen Q shows a 'dwarfed' development o f 'mature' E . n. s p . C
morphology. DR, S, T. Late stage E. postera morphotypes with
abruptly terminated posterior platforms, and development of 'biden
tate' morphology.

formation of an additional node on one anterior margin. This
general morphology is retained thereafter as the specimen
simply enlarges in size, commonly developing one postero
lateral margin more strongly than the other.

Comparisons. - Small specimens of other species may resemble
E. postera but the rather lobate posterior outline is distinctive.
Such an outline characterizes early growth stages of E. n. sp. C
but that species quickly developed postero-Iateral nodes and
attained a larger size. Rare specimens in older Middle Norian
faunules mimic E. postera in possessing smooth, rounded
posterior platforms but their anterior nodes are characteristi
cally more numerous and they do not exhibit the same lobate
outline ( Fig. 1 2 X, Y, Z ) : isolated specimens may be difficult to
determine, however. Large bidentate specimens ( Fig. 1 1 P, T,
Y, Z, AA) retain the anterior morphology developed at an
early growth stage ( Fig. I I EE) but have broad platforms that
are identical to that of the central morphotype of E. postera, and
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their length, although some specimens have a medial constric
ti on ( Fig. 1 3 H, O ) , and others taper markedly in their
posterior half ( Fig. 1 3 M, N) . Anterior platform terminations
are often less abrupt than in older species, the margins meeting
the blade in an even curve ( Fig. 1 3 F ) . Posterior terminations
are pointed to narrowly square depending on posteriormost
ornamentation; a few specimens have round, lobate posteriors
( Fig. 1 3 0 , U, V) .

Plaiform ornament. Rather variable but commonly smooth
posteriorly . Anterior nodes are relatively numerous, small and
spike-like. They increase to a maximum of five in the largest
specimens available, although the development may be
noticeably unequal on the two margins ( Fig. 13 P, AA) . As in
other Middle Norian species, posterior ornament may be
present on one margin ( Fig. 1 3 H ) , both margins ( Fig. 1 3 C, E)
or only terminally ( Fig. 1 3J, S l .
-

K

Carina.
Usually continuous to the posterior tip of the
elements and often proj ecting beyond it as strong spike-like
extension ( Fig. 1 3 L, P) . Less commonly terminating short, as
is the case in posteriorly lobate specimens ( Fig. 1 3 O, U, V) .
-

Free blade. Distinctive cockscomb-like, much shorter than
lower Middle Norian epigondolellids. Commonly one-quar
ter or one-fifth unit length .
-

Jf

u�

Lower-side morphology. Slit-like pit on featureless attachment
scar is medial or anterior of the medial point.
-

Microreticulae . When present, marginal, subdued and irregu
lar, sometimes extending onto denticles as striations .
-

Fig. 13. Central morphotype growth series (shaded speeimens) and
morphological variation in Epigondolella n. sp. D populations. The
scale bar is l mm long.

thus differ from E. bidentata, which
elongate species .

IS

a narrow, relatively

Age. The central morphotype of E. postera is characteristic of
the M. columbianus 2 Zone. Rare morphotypes (e.g. Fig. 1 2 L)
that appear within the D. rutherfordi Zone and continue into the
M. columbianus Zone have much in common with E. postera but
are for the present regarded as extremes within the E.
multidentata and E. n . sp. C populations . Elongate morpho
types dominate faunules in the upper M. columbianus 1 Zone,
whereas bidentate and abruptly terminated specimens
characterize the upper part of the M. columbianus 2 Zone.
-

Central morphotype growth series. Initially bidentate, becoming
tridentate and enlarging platform progressively in all direc
tions, particularly antero-posteriorly, with the irregular intro
duction of additional nodes .
-

Comparisons . The small size yet high ly ornate character of E.
n. sp. D populations is distinctive. The short blade and the
spike-like nature of the ornament differ from that in E.
multidentata. The posteriorly lo bate forms and those with
medial constrictions are unknown in older Middle Norian
faunules but bear some resemblance to E. primitia which
generally has relatively subdued nodes , a short carina, longer
blade and totally different microreticulae.
-

Age. Restricted to the M. columbianus 3 Zone. Only sparse
conodont faunules have been recovered from the M. colum
bianus 4 Zone, 50 it is uncertain whether E. n. sp. D extends
nearer to the top of the Middle Norian.
-

The Epigondolella n. sp. D population
Figs . 9 D, F, 1 3, 1 5 S , T, U

Epigondolellids from M. columbianus 3 Zone are markedly
different from the preceding E. postera populations . They
resemble those of E. multidentata but are noticeably smaller and
more delicate. Fig. 1 3 iIIustrates the variety of form.

Plaiform shapes.
Generally elongate, average length to
breadth ratio of5 : 2 . Margins are often subparallel for much of
-

The Epigondolella bidentata population
Figs . 1 4, 15 V, W,

x

E. bidentata Mosher 1 968 is based on Upper Norian material
from the Hallstatt Limestone at Steinbergkogel by Hallstatt
Salzberg, Austria. I t is recognized that all platform elements of
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Free blade. - Identical to that of E. n. sp. D.
Lower-surface morphology. - Slit-like pit situated within narrow
attachment area beneath or slightly posterior of principal
anrerior nodes, that is anterior of platform midlength.
Microreticulae. - Often absent.
Central morphotype growth series. - The bidentate condition is
introduced at an early stage and persists with uniform or
slightly asymmetrical platform enlargement.

Fig. 14. Central morphotype growth series (shaded speeimens) and
morphological variation in Epigondolella bidentata populations. The
arrowed lines link morphotypes that could be theoretically derived
through growth. This illustrates the complex relationships typical of
an Epigondolella population. The scale bar is I mm long.

Epigondolella pass through a 'bidentate' morphology early in
their growth but most do not retain it. Large bidentate
speeimens are known, however, within the Lower and Middle
Norian too, so it is important to examine bidentate forms
closely. Small isolated growth stages may be difficult to
determine. Fig. 1 4 illustrates the variety of platform elements
within the Lower Upper Norian E. bidentata faunules .
Plaiform shapes. - Always small, generally slender, occasionally
almost totally reduced to a blade-like condition ( Fig. 14 T, U,
V) . Platforms may be subparallel, biconvex, plano-convex,
sagittate or spindle-shaped in outline. Posterior termina t �ms
i
generally pointed, occasionally squared-off by node develop
ment.
Plaiform ornament. - A single strong node on either side of the
anterior platform is typical, but these may be supplemented by
an additional, generally smaller denticle anterior of one of
these (Fig. 1 4 D, E, I, K, L, P) ; speeimens with additional
anterior nodes ( Fig. 1 4 F) are rare. The posterior platform is
smooth in the holotype, but incipient nodes (as occur in the
type ofE. mosheri Kozur & Mostler 1 97 1 ) or distinet nodes may
be developed symmetrically ( Fig. 14 B, C, D, R) or asymmetri
cally (Fig. 1 4 E, F, G, K, L, M, N ) . In the younger E. bidentata
populations, specimens with one or no platform denticles
occur (Fig. 14 T, U, V) , and their size demonstrates that they
are not simply early growth stages of the bidentate forms.
Carina. - Extends to posterior tip of elements and is often very
prominent at the posterior end (Fig. 1 4 W) .

Comparisons. - The holotype of E. bidentata is about 570 �m in
length, which is about the size of the largest speeimen in my
collection ( Fig. 1 4 A) . Comparable morphology is known up
to about 250 �m in E. abneptis subsp. B, up to about 300 �m in E.
n. sp. C, and up to about 350 �m in E. n. sp. D. This suggests a
progressively longer retention of the bidentate condition
through time. On the other hand, bidentate morphotypes in
both the E. primitia ( Fig. 2 Q) and E. postera (Fig. I I Y)
populations attain a size greater than found in E. bidentata. The
Lower Norian speeimens can be readily distinguished on the
basis of microreticulation, whilst E. postera is generally
broader. Other isolated post-Lower Norian speeimens should
be regarded as specifically indeterminate unless they attain a
length of greater than 350 �m. Alternatively, 'E. bidentata '
would have to be reg ard ed as ranging through much of the
Middle and Upper Norian.
Age. - The E. bidentata population characterizes the G.
cordilleranus Zone and at least part ofthe C. amoenum Zone. I t is
possible that the speeies appears first in the zone of M.
columbianus 4. Higher G. cordilleranus Zone and younger
collections may be characterized by a greater number of
morphotypes with strongly reduced platforms.

A summary of Epigondolella phylogeny
Eight Epigondolella populations are recognized in the Norian .
They follow one upon the other with only one sparsely
productive interval of uncertain con tent, that is the uppermost
Middle Norian (M. columbianus 4) . Each of the speeies
complexes is bounded by a faunal break ofvarying abruptness.
The most profound of these occurs at the Lower-Middle
Norian boundary between the J. magnus and D. rutherfordi
Zones, and within the late Middle Norian between the Zones
of M. columbianus 2 and 3. The change that occurs near the top
of the Lower Norian S. kerri Zone is also abrupt, but the
derivation of E. abneptis subsp. A from E. primitia appears
straightforward . The evolutionary event is more significant,
however, because the microreticulation of the platform began
to change at that point. This criterion may be useful in
separating the two speeies at the generic level since 'E. 'primitia
is characterized by what might be regarded as a Metapoly
gnathus microreticulation ( Orehard, in preparation) .
Morphological changes between the E. abneptis subspp .
populations, between the E. multidentata, E. n. sp. C and E.
postera faunas, and between those characterized by E. n. sp. D
and E. bidentata are also marked, but rare morphotypes within
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the ancestor populations predict the changes that find com
mon expression in the descendant faunas . In the case of both
E. postera and E. bidentata, the central morphotypes show a
reten tion of 'j uvenile' characteristics (neoteny) .
U pper Lower Norian faunules ofE. abneptis subsp. B include
strongly asymmetric elements that become less squat and
more elongate as one postero-lateral lo be (and secondary
carina) is extended and the other is suppressed. This develop
ment is the continuation of a trend that begins with the
bifurcation of the basal attachment scar in some large early
Norian epigondolellids. The morphological change at the
Lower-Middle Norian boundary appears to have consisted of
a shift of emphasis from dual lobe development to pos terior
carina growth. Hence the derivation of the uni-lobed, strongly
carina te E. multidentata from the bi-lobed, weakly carinate E.
abneptis. The functional advantages ofpostero-lateral enlarge
ment were presurnably great, however, because E. n. sp. C
evolved by a secondary outgrowth of one platform margin
( Fig. 1 2 A, B, C ) . This development of homeomorphic
characteristics in the mid Middle Norian was superseded by a
general diminution both in overall size and in the degree of
platform development, particularly of the anterior denticles.
E. postera thus became posteriorly attenuated and anteriorly
bidentate (one denticle on each side of the carina) prior to
disappearing in the upper Middle Norian ( Fig. 1 2 R, S, T) .
The appearance ofE. n. sp. D marked a second maj or shift, this
time away from broad platforms and a few large denticles to
relatively elongate elements with more numerous but more
delicate denticles . The general diminution continued into the
Upper Norian as E. bidentata emerged as the last remnant of
platform conodont development.
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The following GSC Loeality Numbers refer to conodont colleetions
from the Pardonet Formation ( P. F . ) . All lie within the Halfway River
Map Area (Sheet 94 B, 1 : 250,000 National Topographie Series) ,
British Columbia. Numbers prefixed by 0 - are from beds eontaining
ammonoid faunas.

Brown Hill

C-87908 6 m above exposed base of P.F. Braeketed by S. kerri
Zone ammonoids.
C-87909 8 m above base P.F. S. kerri Zone ammonoids 2 m below,
M. dawsoni Zone ammonoids 2.5 m above.
C-879 1 2 1 9 m above base P.F. Braeketed by M. dawsoni Zone
ammonoids.
C-879 1 3 2 2 m above base P . F . Bracketed by M. dawsoni Zone
ammonoids.
C-879 1 5 24 m above base P . F . Bracketed by M. dawsoni Zone
ammonoids.
0-97538 33.0 m above base of P.F. Oeeurring with D. rutherfordi
Zone ammonoids.
C-8792 1 34.5 m above base P.F. Braeketed by D. rutherfordi
Zone ammonoids.
0-97533 38.5 m above base of P.F. Occurring with D. rutherfordi
Zone ammonoids.

Black BeaT Ridge
56°05' I O"N, 1 23°02 ' 25"W. This loeality lies immediately to the east of
Black Bear Ridge shown on topographie maps .
0-98552 48.5 m below top of P.F. Oceurring with M. columbianus 2
Zone ammonoids.
0-98549 4 1 m below top of P.F. Occurring with M. columbianus 2
Zone ammonoids.
0-98548 36.5 m below top of P.F. Occurring with M. columbianus 3
Zone ammonoids.

Crying Girl Prairie Creek
56°28 'N, 1 22°54'W (White Creek; upper reaches of Graham River) .
0-83835 Oceurring with M. columbianus l Zone ammonoids.
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McLay Spur

Ne-Parle-Pas Rapids

56°06' 1 6"N, 1 22°43 '00"W (east of Childerhose Coulee) .

56°00' 53"N, 1 23°05 '05"W ( new exposure on south side of Williston
Lake) .

0-98538 About 1 8 .5 m above base of P.F. Occurring with M.
dawsoni Zone ammonoids.
0-98537 About 48 m above base of P.F. Occurring with J. magnus
Zone ammonoids.
0-98878 About 54 m above base of P.F. Occurring with M.·
columbianus I Zone ammonoids.
0-9854 1 About 58 m above base of P.F. Occurring with M.
columbianus 2 Zone ammonoids.

0-9 � 504 About 25 m below top of Monotis Beds. Occurring with G.
cordilleranus Zone ammonoids.

Pardonet Hill

0-985 1 4 0 . 5 m above exposed base of P . F . , within Juvavites Cove.
Occurring with S. kerri Zone ammonoids.
0-98509 About 30 m above exposed base of P.F. Occurring with
belemnites and S. kari Zone ammonoids .

Instructions to Authors
Manuscripts are to be sent to the Editor. The author's permanent and
temporary addresses are to be given. The manuscript will not be
returned to the author until the artide has been printed, and the
author is requested to retain a complete copy. Proofs will be sent to the
author twice; the author is expected to re ad them carefully and to
return them promptly to the address indicated . The author will be
charged for changes against the manuscript made by him in the proofs.
The author will receive 50 copies of his contribution free of charge.
Language and style. - The principal language of Fossils and Strata is
English, but manuscripts in German and French may also be
submitted . Authors are encouraged to write in a personal style, as long
as it is ( I ) linguistically correct, (2) dear and unambiguous, and (3)
concise.
Tit/e. - The title should be short and concentrated, its purpose being to
draw attention to the main subj ect of the paper. I t should be 'dean' ,
i . e . containing no 'noise words' ( 'Contributions t o t h e knowledge o f
. . . ' , 'Some preliminary notes on . . . ' , 'On . . . ' , etc . ) or such extraneous
characters as are likely not to survive treatment in information
retrieval systems (question marks, parentheses, Greek letters,
mathematical symbols, etc. ) .
A bstract. - The abstract, not exceeding 1 200 characters and spaees,
should be informative, stating the results presented in the paper rather
than describing its contents . Avoid literature citations; ifthey must be
induded they should be accompanied by abbreviated bibliographic
references within parentheses . New systematie or stratigraphic names
introduced in the paper should be mentioned in the abstract.
Keywords (index entries) may be provided immediately after the
main abstract text.

I

J

Manuscript. - The text should be typed with an ample left margin on
one side of white, standard-sized (preferably A4) , consecutively
numbered sheets of paper. Use at least double-spacing throughout, i.e.
also for referenees, figure captions, tables, etc. Consult a recent issue of
Fossils and Strata and arrange the typescript to conform with the
typographic practices used therein . Do not break words at the ends of
lines.
The manuscript should be arranged as follows : ( I ) Title of paper.
( 2 ) Name of author(s) , one or more forenames in full. ( 3 ) Biblio
graphie identification (bi blid) arranged as in the following: Smith,
John K . & Jones, Karen L . 1 9XX XX XX: Title of paper. Fossils and
Strata, No. XX, pp. XXX-XXX. Oslo. ISSN 0300-949 1 . (4)
Abstract. ( 5 ) Name and address of author(s) , followed by the date of
completion of the paper. (6) Main text, with the approximate
positions of figures and tables indicated in the margin. (7) List of
referenees . (8) Figure captions . (9) Plate captions. ( 1 0) Tables with
captions .
U se three or fewer grades ofheading in the main text: ( I ) Lower case
roman, ( 2 ) lower case italics (underlined in manuscript) and ( 3 ) lower
case italics ( underlined) followed by full stop, dash and the subse
quent text en suite.
Do not build up space-consuming hierarchical pyramids of sys
tema tie names - instead make a run-on paragraph . In synonymy list,
do not tabulate the synonyms, rather gi ve them in a special text
paragraph. I ndicate each entry with a small square symbol . Build up
the text as a name-and-year citation, with the difference that the year is
placed in front of the synonym.
There are no footnotes in Fossils and Strata (except in tables) .
Digressive material, not possible to place within parentheses, to delete
or to incorporate in the main text, may be set as discrete paragraphs in
smaller type.
S I (Systeme International d'Unitis) units should be used wherever
possible.
Literature citations in the text should be given as the author's
surname followed by the year of publication with no comma between;
placement of the parentheses depends on the structure of the sentence.
I fspecific pages are referred to, the page number (s) should follow dose
up to a colon inserted after the year (e.g. Smith 1 9 72 : 405) . Do not vex
the reader with 'op. cit. ' , 'ibid . ' , etc. Note that an ampersand ( & ) is
used for j oint authorship in citations and referenees . Entries in the

reference list are to be listed alpha be ticall y in order of authors' names
in accordance with the following examples.
Henderson, R. A . 1 9 74: Shell adaptation in acrothelid brachiopods to
settlement on soft substrata . Lethaia 7, 57-6 1 .
Lindstriim, M . 1 9 7 1 : Lower Ordovician conodonts o f Europe. In
Sweet, W. C . & Bergstriim, S . M . (eds . ) : Symposium on conodont
biostratigraphy. Geological Society of America, Memoir 127, 2 1-6 1 .
Popov, L . E . (IIoTIOB , JI. E . ) 1 975 : ne33aMKoBble 6paXfIOTIOilbl
113 cpellHero 0PIIOBIIKa xpe6Ta lJlIHrH3 . [ Inarticulate
brachiopods from the Middle Ordovician of the Chingiz Range.]
IIaJIeoHToJIorwIecKHH JKypHaJI 1975:4, 32-4 1 .
Rudwick, M. J. S. 1 9 70: Living and Fossil Brachiopods. 1 99 pp.
Hutehinson, London .
If there are severai references to any one author, the name should be
repeated in each entry. Titles ofarticles should be decapitalized, except
in cases where this would violate a language convention . Unabbrevi
ated serial titles are recommended .
Figure, plate and table captions should be self-explanatory but as
short as possible. Ifa figure contains lettered items, list them en suite in
the caption and insert a square symbol immediately in front of each
entry ( DA, etc. ) . All figured specimens should have a reference to their
provenance and present location (museum or similar registration
number) .
lllustrations. - All illustrations must be dearly marked with the
author's name and figure num ber. Plan the figures so that they take up
either the entire width of the type area ( 1 7 1 mm) or the width of one
column ( 8 1 mm) . Jf an intermediate width has to be used, do not
exceed 1 1 7 mm. In the event of a full-page illustration, try to allow
space for the caption to come within the page depth, 253 mm. Plates
should be constructed for an area of 1 7 1 x 253 mm, but it is usually
preferable to arrange all illustrations as figures to be placed in their
proper positions in the text.
The cost ofreproducing a figure is based on the smallest rectangular
frame in which the figure can be inset. U se that frame! Do not leave
open corners or unnecessary space between items. Do not let text or
lettering protrude outside the frame of the figure.
Photographs should be printed on white paper with glossy finish.
They must be dear and sharply contrasted, but without pronounced
light areas and heavy shadows. If incident light is used for illumina
tion, the light should fall consistently from the upper left. In a
composite figure, all items should be of similar tone and contrast.
Composite figures should consist of rectangular units as far as
possible. Mount the photographs on pieces ofcardboard, preferably of
the same size as the typescript sheets. Avoid arrangements that
require blocking-out; they are expensive and leave the outline of the
objects to the j udgment of the printer. Thus, if the background of an
object is deleted, make it black rather than white. Jf a photographic
figure consists of severai rectangular items, make sure that the
intervening narrow strips are directly reproducible; i. e . cut the prints
accurately and mount them on white cardboard, alternatively edge to
edge with white adhesive strips over the joints.
Line drawings should have lines of even thickness and blackening.
Do not use grey or to densely screened (more than 40 lines/cm)
surfaces . If the figures indude text, Do Not Monumentalize the Text
by Capitalizing Words. For metric units, use the standard symbols 
/-1m, mm, m, km - there should be no capitals (at least not for length
units) , no plural, no genitive, no hyphens, and no periods . Separate
the symbols from the number by a space . Do not leave out zero before
decimal points .
The com bi nation of line drawings and halftones in the same figure
(and this indudes even individual letters outside the screened surface)
is always costly and should be avoided whenever possible. Place letters
and lettering on the figure, normally on its background portions .
Lettering of items in cothposite figures (A, B, C, etc.; not a, b, c . . . )
and plates ( l , 2, 3, etc. ) should be dis tinet but not dominant, and
placed as consistently as possible in the different items . Use transfer
lettering (simple, semi-bold typefaces) or steneils.
Jfpractical, supply originals ofall illustrations. Photographic prints
ofline drawings will be accepted ifthey are well focused and ofhighest
contrast. Avoid submitting excessively large originals .

