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A b s  t r a  c t. The Middle Ordovician gastropods described by Koken in 1889, 

1897 and 1925 are redescribed and reillustrated. Approximately six hundred 

fifty specimens, including the types, are available from units 4a and 4b. Most 
specimens are not specifically identifiable; within same superfamilies, man y 

specimens are generically indeterminate. Because well preserved specimens 

are rare, an apen nomenclature has been employed for most new taxa. 

The fauna of 4b is slightly more diversified than that of 4a, but both faunas 
are limited to few species. The preponderant number of specimens come from 

limestone masses within dark shale. This is considered to be an allocthonous 
occurrence. Few specimens come from shallow water deposits peripheral to and 
overlying the dark shales. The faunas of these two facies is different, but the 
second is so poorly known that no dose comparisons can be made. Several 
of the forms in the shallow water assemblage are known from single specimens. 

Less than a dozen specimens of monoplacophorans are known. Pollicina 
conoidea is transferred to Hypseloconus ?. Palaeoscurria ( ?) norvegica is trans
ferred to Archinacella. One new species, Archinacella stoermeri, is described. 

Lepetopsis inopinata may be an inarticulate brachiopod. 

The gastropod fauna is composed almost entirely of Archaeogastropoda 
with Bellerophontacea and Pleurotomariacea constituting the majority of the 

taxa. Three specimens of Archaeogastropoda? representing three genera are 

known. Only one caenogastropod is known. 

In summary of the gastropod taxonomy, twenty-six genera are recognized 

in the Middle Ordovician of Norway, but only twenty-two genera can be named; 

three are indeterminate and the fourth is based on a nomen dubium. Three new 
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species are described and named. These are Omospira? holtedahli, lvl ourlonia 

mjoesa and Holopea henningsmoeni. Four new species are described but not 

named and ten species, including two from undetermined genera, are described 

or discussed informally. One species is only tentatively identified and is not 

described and another is well known and again not described. Five species are 

in their originally described generic taxon. Twelve species are transferred to 

other generic taxa. Five specific names based on Norwegian type specimens have 

been placed in synonymy. 
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Introduction and acknowledgments 

This is the fifteenth in a series of reports designed to document 

the faunal, sedimentological and stratigraphical features of the Oslo 

Region. Middle Ordovician gastropods of this region were included by 
Koken (1925) in a monographic treatment of the Baltic Ordovician 
gastropods. Revision of Koken's work, in so far as it applies to the 
Norwegian specimens, is the principal objective of this paper. 

Many people have directly or indirectly aided this work. Ideal 
working facilities at the Paleontologisk Museum (Universitetet i Oslo) 
were provided by the Director, Professor Dr. Anatol Heintz. Norwe
gian Ordovician specimens, property of the Riksmuseet, and large 
collections of comparative material from Sweden and Estonia were 
loaned by Fil. lic. Harry Mutvei, Palaeozoologiska avdelningen, 
Riksmuseet, Stockholm. Many types were included in these collections. 
Other important types were loaned by Dr. Fritz Brotzen, Sveriges 

Geologiska Undersokning, Stockholm, Sweden, Dr. Gerhard Regnell, 
Palaeontologisk-Geologiska Institutionen, Lunds Universitet, Lund, 
Sweden and Dr. H. Jaeger, Geologisch-Palaontologisches Institut und 
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Museum der Humboldt-Universitat, Berlin, Germany. Stimulating 

discussions on stratigraphic problems were held with Professor Dr. 

Leif Størmer and Dr. Nils Spjeldnæs, Institutt for Geologi, Univer
sitetet i Oslo and Dr. Valdar J aanusson, Palaeontologiska Institutio

nen, Uppsala Universitet, Uppsala, Sweden. The excellent photo

graphs were prepared by Miss Bergljot Mauritz. Stud. real. Frank 
Nikolaisen searched the museum collections for specimens. My wife 
typed several drafts of the manuscript and aided with other onerous 

but important jobs. 
Particular thanks go to Dr. Gunnar Henningsmoen, Førstekonser

vator of the Paleontologisk Museum, Universitetet i Oslo, for without 

his help this paper could not have been completed. His efforts have 
run the gamut from leading field excursions throughout most of the 
principal outcrop areas to interpretation of handwritten field labels. 
Finally, it is a pleasure to point out that the writer's visit to Norway 

was made possible through United States National Science Foundation 
grant No. 17911 to the Smithsonian Institution, Washington 25, D. C. 

Previous study 

Although earlier papers reported the occurrence of gastropods in 

Ordovician rocks of Norway, systematic study of the fauna can be 
said to have first started with Kjerulf (1865). In this work he listed 
eleven gastropod species from stages 3 and 4, most of which seem to 
have come from the Middle Ordovician beds as the term is currently 
used in the Oslo Region. Only three of the species were illustrated, 
but one new name was applied to a Middle Ordovician taxon, Bellero
phon cancellatus Hall, var. norvegicus. Most of Kjerulf's original spe
eimens have been lost; only his figured specimens can be discussed 
or listed in synonymies. 

With the exception of Kjerulf's work, all systematic study of Nor
wegian Ordovician gastropods has been done by Ernst Koken. Several 
of the common gastropods from the Oslo area were described by Koken 
in 1889. These were also mentioned briefly in a textbook, "Die Leit

fossilien" (Koken, 1896). In the following year, many more species 
were described in "Die Gastropoden des baltischen Untersilurs" 
(Koken, 1897). Koken notes in the introduction to this work that he 
studied collections of Norwegian material in Stockholm and Berlin; 
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there is no indication that he visited Norway. This paper, for the 
most part, contains short descriptions. It is not accompanied by plates 

and only a few species are illustrated by text figures; this is a preli

minary paper in every sense of the word. 
Finally, another paper also entitled "Die Gastropoden des balti

schen Untersilurs" \vas published in 1925. In contrast to the 1897 

paper, this is a monograph accompanied by forty-one plates. Species 

proposed in 1896 and 1897 are redescribed and illustrated. Additional 

species are added to those given in 1897. Koken (1925, p. III) indi
cates that between 1897 and the completion of his monograph he 

received a collection of Norwegian gastropods from W. C. Brogger. 

In the 1925 work, almost as many Middle Ordovician taxa were de
scribed from Norway as from Sweden, even though the collections of 

gastropods from Sweden are many times more abundant than those 

from Norway. 
As indicated in the introductory pages, this monograph had a 

difficult publication history. Koken essentially completed his work 

in 1901 and more than two-thirds of the printing apparently was done 

behveen 1902 and 1907. Then delay was caused by the Russian
Japanese War. After Koken's death in 1912, the manuscript was 

edited by the late J aroslov Ferner of Frague, Czeckoslovakia, although 

he could not do more than modify it slightly and prepare it for the 

printer. Six additional plates were added by Ferner. Final printing 

of the entire paper was delayed by the first \Vorld \Var and subse
quent political disturbances in Russia. The monograph by Koken, is 
therefore, much older than one would anticipate from the date of 
publication. Although this is a major contribution and has consider
able merit, minor inaccuracies were not detected because of the death 
of the author. 

Criticism can be levcled at Koken's work on several grounds. He 
seemingly had little concern for the stratigraphic distribution of the 
gastropods as he described or redescribed more than thirty-five Ordo
vician species from Fleistocene drift in Germany, only three or four 
of which were also reported from outcrops. He was a "splitter" as 
between the Ordovician fauna of Norway and Sweden, he recognized 

only four species in common; most of these species are from the Upper 
Ordovician. The most serious problem, however, admittedly judging 
only from the Norwegian material, was Koken's description of some 
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species based on inadequate material. Further, illustrations of many 
species are so generalized and the descriptions are so short that it is 
doubtful whether some species can be recognized outside of the type 

lot. One need only compare Koken's monograph with the Silurian 
gastropod study by Lindstrom (1884) to become aware of the less 

profound nature of Koken's paper. 
Ordovician gastropods have also been noted in general discussions 

of stratigraphy by Kjerulf (1857; 1879) and by Brogger (1887) for 

the Oslo�Asker district, by Kiær (1897) , Holtedahl (1909) and Stør
mer (1953) for the Nes�Hamar district, by Kiær (1926) for the 

Hadeland district, and by Brogger (1884) for the Skien�Langesund 
district. None of these papers are concerned with systematic study 
or give any descriptions or illustrations of the fossils mentioned. 
Holtedahl's work is the only one of these papers which lists species 

from specific localities. Since all available Middle Ordovician sped

mens have been studied, it is likely that at least some of the specimens 
collected by these authors have been examined. The names mentioned 
in the above stratigraphic papers, therefore, have not been listed in 

synonymies. 

Method of study 

Because a new classification of Paleozoic gastropods has been 
published recently (Knight and others, 1960) , it seems unnecessary to 
explain the use of the generic taxa and their groupings. Unless it is 
otherwise specicfially indicated herein, the classification employed 
follows that of Knight and others (1960). The morphologic terms used 

in descriptions follow those defined in that work and by Knight (1941); 
the specific descriptions follow the style of Knight (1941). Stratigraphic 
nomenclature follows that of Størmer (1953). For correlation to other 
areas, the reader is referred to Sweet (1958, p. 13) for a graphic sum
mary. 

The primary purpose of this work has been to redescribe and re
illustrate the types of species named by Koken from the Middle 

Ordovician of Norway. These have been supplemented by the addi
tional material which has accumulated since the publication of his 
paper. The poor quality of the specimens has limited study to some 

extent. Gastropods lacking the shell generally are not determinate 
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as to species, and many, therefore, could not be critically studied. In 

the case of a distinctive taxon, such as Lytospira norvegica Koken, 

even incomplete material has been identified as to species. Where only 

a few good specimens are available and all belong to one species, one 
tends to assume that poorer material of the same genus also represents 

the same species, although in theory at least the poor specimens may 
include representatives of several species. However, study of the 
faunule at Hovindsholm, Helgøya, Nes-Hamar, the only locality 
where relatively large numbers of identifiable specimens have been 
obtained, suggests that in fact the number of gastropod species pre

sent in the Middle Ordovician is strongly restricted. 
The specimens have been accumulated over many years from scat

tered localities. None of the individual collections contain enough well 
preserved specimens to attempt any statistical summary of specific 
characters. Even by combining all the collections from one locality, 
only for a few species could one obtain minimal quantities of satis

factory specimens. Further, except for the more precise discrimination 
of two species of Sinuites present in the Middle Ordovidan fauna, there 
appears to be no reason for any statistical analyses at this time. In 
the case of Sinuites, while statistical proceedures might be helpful, 
they would have to be based on internal fillings and, for this reason 

alone, might be spurious. When less than a dozen specimens are avail

able, the museum numbers assigned to the specimens are listed. 
One of the admittedly weak points of this paper is the comparison 

with species descdbed from other areas. Perner (in Koken, 1925, p. 

300) indicates that Koken's figured specimens are scattered among 
at least nine institutions. Others are at Lunds Universitet although 
this institution is not listed. I have borrowed material from some of 
these institutions but have made no attempt to obtain all of Kokcn's 
originals. In at l east one case, the specimens no longer exist; according 
to Dr. Boris Licharew (\vritten communication) the museum at 
Konigsberg (Kallingrad) and its collections were totally destroyed 
during the Second World War. 

Comparison with species described outside of Scandinavia is judged 
to be premature. The numcrous species dcscribed from Pleistocene 

drift boulders present a special problem, but one hardly within the 
limits of this work. Some of Koken's spccics from Sweden are cur

rently under study in that country and their revision can be expected 
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in the next few years (Kristina Wangberg-Eriksson, written commu

nication). 
More Ordovician gastropods are reported from Estonia than from 

either Norway or Sweden. While a redescription of Koken's species 

from Estonia and a close comparison with Norwegian taxa would be 
most worthwhile, it hardly seems warranted at this time. It certainly 
should not be done without some familiarity with the stratigraphic 
succession and local occurrence. The comparisons and possible syno

nymy of several Norwegian species with those from other areas men
tioned in this paper, accordingly, should be considered as a tentative 
�uide to future work. When comparison has been made with type 
specimens, this fact is indicated. 

All specimens were coated with ammonium chloride before being 
photographed. None of the photographs are retouched. Some of the 
primary types lack all traces of shell. Since they only show the shape 
of the steinkern, generally smaller illustrations of them have been 
used than for those specimens which show growth lines. 

A few of the types are from unit 4, subdivision unknown; several 

of these might be from lower Upper Ordovician beds, but there is 

no evidence to assign them to any particular horizon and they are 
arbitrarily included in this work. 

Distribution and preservation of the gastropod fauna 

Approximately six hundred fifty gastropods are available at the 
Paleontological Museum in Oslo from the Middle Ordovician of Nor
way. These were supplemented by over one hundred specimens loaned 
by the Riksmuseet, Stockholm, Sweden. The Norwegian specimens 
are divided almost equally between stratigraphic units 4a and 4b, 
being slightly more abundant in 4a; almost all of the Swedish collec
tion is from 4a. 

In both major stratigraphic units, the proportions of gastropods 

within cach superfamily is approximately the same. Bellerophonta
ceans form nearly half the total number of specimens and pleuroto

mariaceans much of the remainder. Although the first superfamily is 
slightly more common in 4b than 4a, the difference could simply be 
in sampling and without any profound significance. On the generic 

level, Sinuites, Pararaphistoma, Clathrospira and Lytospira, in that 
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order, constitute most of the fauna of 4a; Sinuites, indeterminate 

pleurotomariaceans andPararaphistoma, in that order, constitute most 

of the fauna of 4b. The fauna of 4b is a little more diversified than 

that of 4a; this is particularly evident among the bellerophontaceans. 

The occurrence of the species is summarized in one chart (pp. 212�213). 
Many of the collections are relatively old and stratigraphic infor

mation is correspondingly less precise than is now used. All the various 

ranges given on labels are listed and are summarized in the chart. 

Probably some of the species have a more restricted range than can 
be determined at the moment. Specimens with accurate stratigraphic 
data are needed to supply this information. Presumably, further col

lecting will eventually supply this deficiency. 

Most of the available Middle Ordovician gastropods are at best 

only moderately well preserved. Many gastropods cannot be identified 
as to genus and the majority of gastropods cannot be identified to 
the species level. A combination of geologic and biologic factors seems 
to account for the consistently poor preservation of all but occasional 

specimens. To cite the most important geologic factor, the few fossils 
which do occur in shales and bedded limestone in many areas have 
been severely deformed by the Caledonian orogeny. For example, 

in the vicinity of the King's Palace in Oslo, gastropods are common, 
but most cannot be determined to species because of the strong com

pression and shear they have undergone. Some of the fossils in con

cretions have also been distorted but this may have been penecon
temporaneous rather than orogenic. 

The biologic factors are concerned with the basic shell structure 
of mollusks and the fact that gastropods systematics, in contract to 
that of cephalopods and to a certain extent pelecypods, is based almost 
exclusively on the general form and aperture rather than on the inter
nal structure. Scattered information on the shell structure of Paleo
zoic gastropods suggests that most of them are characterized by two 
mineralized shell layers. In many genera, at least one of the layers 
was originally aragonite. The primary crystal structure of the calcitic 

layer and the recrystallization of aragonite to calcite results in a shell 
that does not adhere strongly to the filling of the shell or steinkern, 
but does adhere to the external matrix. 

Much of the Middle Ordovician fauna has been collected from 
dense, fine-grained limestone concretions, an extremely tough matrix. 
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When these concretions are broken, the gastropod shell characteristi
cally exfoliates so that only the steinkern is obtained. In most cases, 

the shell adheres so tightly to the limestone matrix that it cannot be 
removed satisfactorily even with the use of power tools. Other groups 

of Middle Ordovician fossils with a dffierent shell structure do not 

exfoliate. In some concretions, the shells also have been pyritized; 
this usually results in exfoliation of the shell or obliteration of growth 
lines and ornament. 

At one locality, the mineralogical constitution of the shells does aid 
in obtaining good specimens. Near Hovindsholm, on the island of 
Helgøya in Lake Mjøsa, man y concretions weather out of the Cephalo
pod Shale just at the strand line and are then subjected to erosion 
by the lake waters. When the concretions are broken, the calcareous 
shells of the fossils are dissolved while the matrix still remains fairly 
hard. By collecting many of these hoies in the rock, one may obtain 
some which still contain sharp impressions of the growth lines. Excel
lent external impressions can be made from these. 

In terms of geographic distribution, nearly one-third of the fossils 

come from units 4aa and the Cephalopod Shale combined in the Nes
Hamar district. About another quarter of the collection come from 
the equivalent units in Hadeland and Oslo-Asker districts. In all 
these areas, most specimens were broken from black limestone con
cretions. Almost all of the 4b specimens come from the Oslo-Asker 
district. Most are obtained primarily from concretions, but there is 
more lithologic diversity among the matrix of the 4b fossils, especially 
those from outside this district, than among those of the 4a fossils. 
Few fossils are available from the bioclastic limestone peripheral to 
the Chasmops series (4b) of the Oslo-Asker district; the bulk of 
these are poorly preserved. A few specimens (4a and 4b) come from 
the Ringerike district, but the other outcrop areas of Middle Ordovician 
are hardly represented in the collections. Occurrences are summarized 

in the chart (p p. 212-213). 

Ecolo�ical considerations 

Less than a dozen specimens of monoplacophorans are known from 
the Middle Ordovician of the Oslo region. They are so rare as to be 

only in the "curiosity class" of fossils. All are poorly preserved and 
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they contribute little to our knowledge of the former living habits of 

the group. Their occurrence is of interest only insofar as there is a 

general interest in this group of mollusks since the dredging of a Recent 

deep seas species some ten years ago. Nothing about any of the Nor
wegian Ordovician occurrences suggests deep water. Most specimens 
come from the Cephalopod Shale at Lake Mjøsa and paleogeographic 
considerations would suggest that this was shallower water than in 

the Oslo area. Skjeseth (1952, p. 153) has published a facies map of 
the underlying Lower Didymograptus zone, suggesting that the Oslo 
city area was near the site of the deepest part of the depositional 
basin and the Nes-Hamar area was the site of much shallower 
water. The available field evidence suggests to me that this general 

facies distribution persisted throughout at least the Middle Ordo
vician. 

The gastropods are more than fifty times as abundant as the mono

placophorans. Even so, they form a negligible part of the total fauna 

and pro ba bly constitute less than l% of the total Middle Ordovician 
specimens in the Paleontologisk Museum. 

Hyolithes a member of the extinct mollusk "Class" Coniconchia 
is equally rare, if not rarer, than the monoplacophorans in the Middle 

Ordovician. Amphineura and Scaphopoda are unknown in this Middle 

Ordovician fauna. The Middle Ordovician pelecypods (Soot-Ryen 

and Soot-Ryen, 1960) and cephalopods (Sweet, 1958) are both more 

abundant than the gastropods although collections of all three classes 
are of the same order of magnitude. This pattern of abundant classes 
and rare classes of mollusks is consistent with that observed in the 
Paleozoic in North America. 

The gastropods occur in unequal numbers in hvo entirely distinct 
facies. A few specimens occur in the Robergia-Mjøsa limestone and 
calcareous shale sequence to the north of the Oslo-Asker area; several 
also occur in the contemporaneous Echinosphaerites-Encrinite 
sequence in southern Norway. With the risk of only slight overgener-

alization, one may characterize both areas as containing a bra
chiopod-bryozoan fauna, which locally develops into reef masses con

taining abundant echinoderms, algae and corals. The rarity of gastro
pods in the bryozoan-brachiopod beds is not unexpected compared 

with the Ordovician in other countries. The somewhat smaller expo
sure of these beds, their further distance from Oslo, and their less 
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extensive study for many years may also help to explain the paucity 

of specimens in the collections. 
In the Siljan district of Sweden, a diversified gastropod fauna has 

been found associated with reefs of Middle Ordovician age. This fauna 
remains to be discovered in Norway. In comparable Norwegian 

facies, only one or two low spired gastropods were observed in the 
Mjøsa limestone at Ånerud, Toten and at Furuberget, Nes-Hamar. 
Both were probably nearreef environments. Directly over a small reef 
mass at Steinvik, Langesund-Skien area, low spired gastropods and 
a rare high spired gastropod were observed. 

The fauna of the Ogygiocaris beds and to a certain extent the over
lying Chasmops beds is strikingly different in appearance, in abun
dance, and in distribution from this shallow water shale, bedded lime

stone, and reef facies. It is also distinct from the "Orthoceratite 
Limestone" fauna on Oland, S-vveden. Judging from the lithology of 
the associated matrix, few specimens seem to be from the lighter 
colored lenticular and nodular limestones which occur in the section; 
these few are mainly from 4b. Almost without exception, all gastro

pods from 4a are from concretions rather than bedded deposits. It 
seems clear from the local field relations that one is dealing with an 
allocthonous fauna rather than one which lived in place. 

Additional evidence of the allocthonous nature of the fauna is 
shown by its local distribution. At any one locality, many concretions 
will contain either no gastropods or few specimens, but one or two 
concretions may yield abundant specimens. No juvenile gastropods 
have been recovered and -vvithin any one concretion most of the fossils 
appear to be within the same general, sedimentary size range. The 
associated black shale occasionally shows evidence of currents, al
though it is so fine grained that strong current activity may have 
left no evidence. 

The fauna is dominated by Simtites Pararaphistoma, Clathrospira 
and Lytospira. At least the first three of these genera, by virtue of 
possession of a sinus or slit in the aperture, show evidence of two gills. 

These gills in turn imply clear water for their function and, thereby, 
a firm bottom. Although little is known of the environment of depo

sition of the black shales and limestone masses or concretions, a fetid 
soft bottom, for most of the time, seems to be a distinct possibility. 

Almost all Recent, primitive Archaeogastropoda are herbivores. It 
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is logical to imply a similar life habit for their fossil ancestors. It is 

certainly within the realm of possibility to suggest that the gastropods 

may have lived above the bottom in "forests" of sea weed, which 

may have been attached or may have been floating. Upon death, the 
gastropod shells would drop to the bottom. The occasional strong 

currents could both winnow the shells and move them to the 
sites of concretion formation. A detailed study of the occurrences 
within concretions is necessary to confirm the observations reported 
above. Although the black shales are suggestive of much organic 

matter, more field and laboratory study is needed to determine if 
abundant algae were the primary source of this organic matter. 

Systematic paleontology 

CLASS MONOPLACOPHORA Wenz in Knight, 1952 
ORDER ARCHINACELLOIDEA Knight and Yochelson, 1958 

SUPERFAMILY ARCHINACELLACEA Knight, 1956 
FA[\IILY ARCHINACELLIDAE Knight, 1956 

Genus Archinacella Ulrich and Scofield, 1897 
Archinacella norwegica (Perner, 1925) 

Plate l, figure 19-20. 
1925 Palaeoscurria( ?) norwegica Ferner in Koken, Mem. Acad. Sei. 

Russie, Cl. Phy.-Math., vol. 37, no. l, p. 281, pl. 40, fig. 17. 

Description: Very low, cone-shaped shells with an anterior, 
strongly curved apex; apex anterior overhanging the margin in early 
growth stages; whorl pro file known only from steinkern; anterior 
and posterior slopes both following a logrithmic curve, that of the 
anterior being pronounced but that of the posterior being much 
slighter so that it approximates a straight line for most of its length, 
the entire posterior slope being inclined less than thirty degrees from 
horizontal; lateral slopes uniformly inclined except in mature stages, 
\Vhere apparently there is a flattening at the margin, so the \vidth 
increased much faster than the height; margin subcircular, being 
only slightly less curved at the anterior, although this last feature 
may be a result of compaction; steinkern showing faint concentric 
wrinckles and fine, closely spaced ridges radiating from the apex to 
the margin, these ridges presumably the impression of growth lines 
and shell ornament. 
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Disc1Æssion: The description is based on the holotype and five addi
tional specimens that were subsequently collected. Although all are 
steinkerns, none show the muscle scars. For this reason, their assign

ment to Archinacella normally would be more or less uncertain. How
ever, the shape of the steinkern is so similar to that of the type species 

that I have not questioned the generic assignment. Alternatively, the 
species might be referred to Helcionopsis Ulrich and Scofield, because 

of the radiating lines of ornament. That genus is poorly knmvn, but 
seems to have a more prominent apex. 

Archinacella norwegica differs from A. approximans Perner in 
Koken, from the Upper Ordovician of the Oslo area, in being slightly 
less elongate than that species. The two species are so similar that it 
is difficult to understand why A. norwegica was ever assigned to 
Palaeoscurria. 

The only closely related species described by Koken is Archinacella 
media from unit B3 in Estonia. This may differ in being slightly higher 
but the distinction is small. A careful comparison is needed to see if 

the two taxa are conspecific. Metoptoma scutum Koken may be con
generic, but seems to differ from A. norzngica in being less well rounded 

at the margin. 
Occurrence: 4aa, Melbostad, Hadeland (holotype, P.M.O. no. 

72791); 4aa 3---4, Huk, Bygdøy, Oslo-Asker (P.M.O. no. 72793); 
4a, Hovstangen, Gran, Hadeland (P.l\I.O. nos. 33250, 37101); Cepha
lopod Shale, Hovindsholm, Helgøya, Nes-Hamar (P.M.O. nos. 
37083, 72788). All specimens are in dark gray to black limestone. 

... 
' � 
... 

Archinacella stoermeri Yochclson, new spec1es 

Plate l, figs. 6, 15-16. 

Description: .Moderatel y high convex shells with a narrow oval 
aperture; apex simple, strongly anterior, not overhanging margin 
except at earliest growth stages; anterior slope steeply concave; 
posterior slope gently convex, lateral slopes steep but straight except 
at rounded dorsum; aperture oval, slightly compressed so that shell 
is moderately high relative to width; anterior and posterior margins 
about equally rounded, approaching the are of a circle, lateral margins 

slightly but smoothly curved throughout their length; muscle scars 

unknown; shell thin; grmvth lines simple, not lamellose in earl y growth 
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stages, unknown at maturity; without ornament in earl y growth 

stages and presumably also lacking ornament at maturity. 

Discussion: This species is based on two specimens. The holotype 

(P.M.O. no. 33106) is a well preserved steinkern lacking only the 
apex; the para type is immature and has the anterior margin broken, 

but does show details of shell. 
The species is much higher than Archinacella norwegica (Perner) 

and indeed in this feature seems to be different from all other species 
of the genus. The shell is not as high as in Hypseloconus? conoidea 
(Koken). In spite of the unusual height and the lack of information 

about the muscle scar, the species fits reasonably well within the 
concept of the genus. 

Occttrrence: 4aa, Hovstangen, Hadeland (holotype P.M.O. no. 
33106) ; 4d, Hadeland (P.M.O. no. 35301) .  Both specimens are pre

served in black limestone. The preservation of both is so similar that 
there is some question whether the designation of the horizon of the 
paratype as 4d is correct. 

Archinacella species 

Plate l, figures 8, 12. 

Discussion: Archinacella? sp. of Perner in Koken (1925, p. 279) 
is based on a single steinkern. It is approximately twice as large and 

considerably lower than the two species described above. Possibly it 
represents another taxon, but this specimen is so poor that it cannot 

be safely assigned to an y genus. For convenience, it is left in its original 
taxon. 

Occurrence: 4aa, Hjortnestangen, Oslo, Oslo-Asker (P.M.O. no. 
72797) ; The steinkern is in black fine-grained limestone. 

?FAMILY HYPSELOCONIDAE Knight, 1956 
Genus Hypseloconus Berkey, 1898 

Hypseloconus? conoidea (Koken, 1925) 

Plate l, figures l, 5, 10-11. 

1925 Pollicina conoidea Koken, l\!Jem. Acad. Sei. Russie, Cl. Phy.-:VIath., viol. 
37, no. l, p. 224, pl. 40, figs. 15, 15a, 15b. 

1925 Palaeacmaea) sp. Perner in Koken, Mem. Acad. Sei. Russie, Cl. Ph y.
Math ., vol. 37, no. l, p. 274, p. 39, figs. 15a, 15b. 
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Description: Steep, conical shells, with a more pronounced change 
in anterior? slope after the early growth stage; apex unknown; 

pro file known onl y from steinkern; anterior? slope alm ost vertical 

below apex, then inclined downward near twenty degrees from verti
cal with a slight sinuosity to above the mid-point of the shell; poste
rior? slope with upper part inclined near forty-five degrees, bulging 
gently outward to near mid-point of shell so that the profile there is 

inclined near thirty degrees from vertical; lateral slopes inclined near 
seventy degrees from vertical, but again with a slight bulge near mid
point, and on the lower part of the steinkern all sides flaring outward; 
anterior and posterior margins of aperture well rounded, lateral 

margins smoothly curved. 
Discussion: The description given above is based on the holotype 

and only known specimen. It is a sharp steinkern but no trace of 
muscle scars is preserved. With some question, I have moved the spe
eies from the poorly known genus Pollicina to Hypseloconus because 

it is lower, has a larger, more oval aperture, and a less strongly curved 
profile than that genus. These characteristics also distinguish the 
species from all species which Koken referred to Pollicina. So far as 

is known, this is the first report of Hypseloconus above the Lower 
Ordovician and confirmation of this extension in generic range must 

await the discovery of better material. 
The poor specimen discussed by Ferner in Koken as Palaeacmaea? 

sp. again is known only from a single steinkern. Its shape is similar 
to this form and I have tentatively placed it in synonymy. The speci
men is so poor that one cannot assign it with confidence to any genus. 

Occurrence: 4aa, Huk, Bygdøy, Oslo-Asker (holotype P.M.O. 
20260); 4a, Hovindsholm, Helgøya, Nes-Hamar (Palaeacmaea? sp. 
P.M.O. 72790). The steinkern of Hyspeloconus? conoidea is composed 
of black limestone; that of Palaeacmaea? sp. is in a weathered piece 
of limestone. 

ADDENDUM TO MONOPLACOPHORA 

Plate l, figures 4, 7. 
1925 Lepetopsis inopinata Perner in Koken, Mem Acad. Sei. Russie, Cl. 

Phy.-Math., vol. 37, no. l, p. 272, pl. 37, fig. 10; pl. 40, fig. 18. 

Discussion: Lepetopsis inopinata is based on a single, partially 
exfoliated specimen. It is a low, conical, concentrically wrinkled 



MONOPLACOPHORA AND GASTROPODA 151 

shell with a slightly eccentric apex. I have examined it and am not 
convinced that the specimen is correctly referred to the Monoplaco
phora or even to the Mollusca. Similar specimens in the collections 
have been identified as inarticulate brachiopods and I believe that 
L. inopinata is more correctly placed in that phylum. 

Occurrence: "4: Nas, Hedemarken" (Nes-Hamar). (Holotype, 

P.M.O no. 72789). 

CLASS GASTROPODA Cuvier, 1797 
SUBCLASS PROSOBRANCHIA Milne-Edwards, 1848 

ORDER ARCHAEOGASTROPODA Thiele, 1925 
SUBORDER BELLEROPHONTINA Cox and Knight, 1960 

SUPERFAMILY BELLEROPHONTACEA M'Coy, 1851 
FAMILY SINUITIDAE Dall in Zittel-Eastman, 1913 

SUBFAMILY BUCANELLINAE Koken, 1925 
Genus Pharetrolites Wenz, 1943 

Pharetrolites? tumidus (Koken, 1897) 

Plate l, figures 17-18, 21. 

1896 Temnodiscus tumidus Koken, Die Leitfossilen, p. 393. (nomen nudum) 

1897 Temnodiscus tumidus Koken, Bull. Aead. Imp. Sei., St. Petersburg, vol. 

7, no. 2, p. 130. 

1925 Temnodiscus tumidus Koken, Mem. Aead. Sei. Russie, Cl. Phy. -Math., 

vol. 37, no. l, p. 50, pl. 28, figs 11, 12. 

Description: Rounded, subcordiform bellerophontaceans with a 
poorly developed pseudoselenizone; earliest growth stages unknown; 
with few whorls rapidly expanding, but without apertural flanging; 
whorl profile intermediate between moderately well rounded and 
expanded subcordiform; periphery near the umbilical slopes a bo ve 
which the profile is gently arched upward and inward to a relatively 
wide, low dorsum having a faint low ridge on either side and being 
surmounted by a median low lira; umbilical details not known, but 
either widely phaneromphalous, or more likely with pierced umbilici; 
inn er li p unknown; growth lines nearly orthocline in up per part of 
umbilical area, but turning prosocline below periphery and sweeping 
back strongly to the dorsum where they form a relatively wide " U " 

shaped sinus, the center of which is on the dorsum, changing curvature 
slightly at the dorsal ridges above the base of the "U" so that a 
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pseudoselenizone is formed, the dorsal ridges simulating bordering 
lirae; ornamented by distinct, closely spaced growth lines. 

Disc�tssion: Although Koken referred this species to Temnodiscus 
that genus has a distinct slit generating a selenizone. It is possible 
that the species might be placed in Sinuitina Knight, a moderately 
compressed, widely phaneromphalous sinuate form, known from 
Silurian to Permian. An alternative placement is in Pharetrolites, 

which is also sinuate, but has a pierced umbilical area. I prefer 
this alternative as there is no indication that earlier whorls have 
been broken away within the umbilical area. The rate of coiling is 
strongly suggestive of an open umbilical area, but since it cannot 
be proven conclusively, the species is only tentatively referred to 
Pharetrolites. 

Pharetrolites? tumidus Koken does not have the lamell ose growth 
lines nor the scoop-like expansion of the inner part of the aperture 
shown by the Silurian P. pharetra (Lindstrom), the type species of 
Pharetrolites. There also seems to be a wider sinus and slightly less 
compressed whorl in P.? tumidus than in P. pharetra. If better speci
mens, giving more information on details of the inner lip and umbilical 
area are obtained, eventually P.? tumidus might be placed in a distinct 
genus or subgenus. With the available material, I prefer to extend 

the range of Pharetrolites from mid-Silurian downward into the 
Ordovician rather than attempt to definite a new taxon of generic 
rank. 

Koken (1925, p. 52) indicated that Bellerophon rugosus Emmons, 
as figured by Kjerulf (1865, p. 13), belongs in this species, although 
he did not make a formal synonymy. Kjerulf's illustrations show a 
bellerophontacean with a distinct selenizone; the figure does not 
belong to Pharetrolites. I cannot find the original of Kjerulf's figures 
and his illustrations do not provide enough detail to place his form 
with confidence in the synonymy of any of the species of the Bellero
phontacea from the Middle Ordovician. 

Occurrence: 4, Oslo, Oslo-Asker (holotype, Riksmuseet no. MØ. 
87600). Koken suggests that this species possibly comes from unit 4a, 
but there is no evidence for assigning it to any particular stratigraphic 
horizon. The holotype and only known specimen is composed of black 
limestone; associated matrix is very dark gra y, moderately fine
grained limestone. 
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Pharetrolites? elegans (Koken, 1925) 

Plate l, figures 9, 13-14. 
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1925 Tenmodiscus elegans Koken, Mem. Acad. Sei. Russie, Cl. Phy. - Math., 

vol. 37, no. l, p. 50, pl. 17, figs. 18-20. 

?1955 Ternnodiscus elegans Koken, Vostokova, Vosprosy palcontologii, vol. 2, 

p. lOS -109, pl. 6, fig. 2. 

Description: Subcordiform, possibly pierced bellerophontaceans, 
developing a narrow pseudoselenizone; earliest whorls unknown; um
bilical details known only from steinkem, but possibly with inner part 
of body whorl covering open coiled, early growth stages and leaving 
the umbilici pierced; shell expanding rapidly with few whorls and 
without flaring aperture; whorl profile known only from steinkem; 
umbilical walls of steinkem vertical in lower part but strongly arched 
in upper part to periphery; periphery low on whorl, seemingly without 
an angulation; pro file above periphery high and compressed, sub
cordiform, to a narrow, relatively sharp crest; inner lip unknown, 
growth lines orthocline on upper part of umbilical slope, then sweeping 
smoothly and gently prosocline to just befare the edge of the un-

. bordered pseudoselenizone, where curvature increases to a relatively 
narrow and sharp "V" shaped sinus; omamented by distinct growth 
lines and a spiral lira in center of pseudoselenizone and with faint 
spiral troughs impressed in shell base of mature umbilicus; other 
ornament possibly present, but unknown. 

Discussion: This species differs from Pharetrolites? tumidus Koken, 
in being more strongly compressed so that there is a higher and 
narrower crest. Growth lines sweep back more strongly to this narrow 
crest where a well developed pseudoselenizone is formed. Fortunately, 
a patch of the inner shell layer is preserved on the steinkem across the 
pseudoselenizonal area. Some individual growth lines can be traced 
across this pseudoselenizone. but others appear to be interrupted. 
The species probably had an incipient slit in the unbroken aperture. 

The umbilical condition in Pharetrolites? elegans as in P.? tumidus 
is not knmvn precisely, but the steinkem is suggestive of an open 
(pierced) hole. The earliest vvhorls do not appear to be broken away 
and the width of the whorl, couplecl with the rate of curvature, makes 
coiling arouncl a hollow columella sePm likely. Until more complete 
specimens are found, howcvcr, the gcncric placement must be ques
tioned. 
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Occurrence: 4, found loose from a clay mass at the Alum workings 
in Oslo, Oslo-Asker (holotype P.M.O. no. 8868). The matrix of the 
specimen is black, fine-grained limestone characteristic of the con
cretions in unit 4. Koken (1925, p. 50) suggests that this species might 
more likely be referred to 4c, but I can see no reason for preferring 
this horizon. Until additional specimens are collected, it is not possible 
to assign P.? elegans to any definite subdivision of unit 4. The Alum 
workings, abandoned for more than a century, are in the Upper 
Cambrian. 

SUBFAMILY SINUITINAE Dall in Zittel-Eastman, 1913 
Genus Sinuites Koken, 1896 

Subgenus Sinuites Koken, 1896 
Sinuites (Sinuites) niger Koken, 1897 

Plate 2, figures 13-19. 

1897 Sinuites niger Koken, Bull. Acad. Imp. Sei., St. Petersbourg, vol. 7, 

no. 2, p. 118. 

1925 Sinuites niger Koken, Mem. Acad. Sei. Russie, Cl. Phy. -Math., vol. 37, 

no. l, p. 41, pl. 17, figs 4, 5, 9, 10. 

Description: Strongly compressed, widely sinuate bellerophon
taceans; whorls expanding very rapidly so that shell is nearly in vol ute; 

umbilical details poorly known, possibly anomphalous with small 
shallow umbilical depressions; with very slightly curved umbilical 
slopes and without an y circumbilical angulation or ridge; whorl 
profile above periphery, which is low on whorl, distinctly compressed, 
arched strongly upward with little curvature except on the upper 
part of the side, where the curvature increases markedly to the bluntly 
rounded dorsum; growth lines unknown in umbilici, nearly orthocline 
for about one-fourth of the distance along the whorl side, then turning 
slightly prosocline for about another one-fourth of the distance and 
at approximately the mid-point between dorsum and umbilicus, 
turning abruptly with a broad rounded angulation to steeply proso
cline, the aperture then becoming distinctly lobed, this turn forming 
slightly less than a right angle in early stages and nearly a right angle 
at maturity, upon completing this turn, proceeding straight to dorsum, 
where the growth lines flatten to form a relatively wide "U" shaped 
sinus, the trough of the sinus covering the width of the dorsum; 
without development of a pseudoselenizone; ornamented by extremely 
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faint, closely spaced grovvth lines and numerous faint spiral lirae, 
some of the lirae showing slight irregularities, the lirae seemingly 
more prominent at the early growth stages and dying out at maturity, 
coordinate with a slight coarsening of the growth lines. 

Discussion: Koken questionably placed Bellerophon cancellatus 

Hall, as figured by Kjerulf (1865), in the synonymy of this species, but 
as noted under Kokenospira insularis (Koken), this figure may refer 
to another genus. One specimen of Sinuites, in the Riksmuseet, Stock
holm (no. l\Io. 87598), is labeled as the original of Kjerulf's figure, al
though it does not match the illustration. The specimen preserves a 
patch of the shell of the dorsum and shows the sinus and a few spiral 
lirae. Since Koken in 1897 (p. 98) states that he had access to �orwegian 
material only in museums at Stockholm and Berlin, there is every 
reason for assuming this specimen is the holotype. No other specimens 
are known in the primary lot. The holotype is illustrated on plate 2, 
figs. 15, 18, 19. The locality with the holotype is given as Lynn [Lun
ner], but this is a later addition to the la bel. 

The specimens illustrated by Koken in 1925 have no standing as 
primary types but, fortunately, they are conspecific with the holotype. 
The holotype is a little wider than is typical of most specimens. There 
is good evidence that the relative width decreases during ontogeny, 
although even young specimens are narrower than those of the closely 
re1ated 5. (Simrites) corpulentus. 

Sinuites (Sinuites) niger is one of the most distinctive of the many 
species of this genus. 5inuites (5.) quadratus Koken differs in having 
a wider and flatter dorsum on the steinkern. Sinuites (S.) gracilis 
Koken seems to have a narrower and deeper "U" shaped sinus, and 
(5.) ammonoides Koken is so strongly compressed that one may 
question the generic assignment. All the other species of Sinuites, de
scribed or listed by Koken, differ in being wider and, thereby, more 
rounded on the whorl sides. 

Occurrence: 4aa, Lunner, Hadeland; Gran, Hadeland; Huk, Bygd
øy, Oslo-Asker; Hovindsholm, Helgøya, Nes-Hamar; Flagstad
elven, Nes-Hamar; Dyste Bro, Toten; 4aa?, Hovstrangen, Gran, 
Hadeland; Snertingdal; 4a, City of Oslo, Oslo-Asker; Hjortnes
tangen, Oslo, Oslo-Asker; Hekshuselven, Toten; 4a of 4b, King's 
Palace, Oslo, Oslo-Asker; Cephalopod Shale, Hovindsholm, Helg
øya, Nes-Hamar; Hekshuselven, Toten. 
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This is probably the single most common species in the Middle 
Ordovician of the Oslo district. Nearly one hundred specimens are 
available. Almost without exception, all but the few specimens figured 
by Koken are steinkerns, preserving no details of ornament or growth 
lines. Most specimens occur in black, fine-grained limestone from con
cretions within the shales. A few occur in very dark gray limestones; 
possibly these are from weathered concretions. 

The only occurrence of this species in beds possibly as young as 
4b is an old collection from the site of the King's Palace. It is quite 
possible that this may be a mixed lot from several geologic units. One 
5inuites from 4ca, possibly from Uranienborg, Oslo (P.M.O. no. 9047), 
shows some similarity to 5. (5.) niger. However, this outcrop is strongly 
contorted and it is equally possible that the specimen might have been 
compressed. Until more specimens are available, one cannot extend 
the range of this species into the Upper Ordovician. 

I have identified one specimen of this species from unit C, at 
Karula (Karrol), Estonia (Riksmuseet no. Mo. 70555). 

5inuites (5inztites) corpnlentus Koken, 1925 

Plate 1, figures 2- 3. 

1925 Sinuites corp�tlentus Koken, .Mem. Acad. Sei. Eussie, Cl.- Phy. Math., 

vol. 37, no. l, p, 40, pl. 18, figs. 13, 15. 

Description: Rapidly expanding, deeply sinuate bellerophonta
ceans; shell expanding relatively rapidly; earliest whorls unknown; 
umbilical details unknown, but possibly anomphalous with small, 
shallow umbilical depressions; whorl pro file known onl y from stein
kern; body whorl wide, the periphery being near the shallow umbilical 
depressions, which are not set off by a circumbilical angulation or 
ridge; above periphery, whorl sides arching inward and upward 
gradually, the curvature increasing markedly only near the dorsum, 
but that feature being quite wide and well arched, approaching the 
are of a circle in its curvature; aperture distinctly lo bed, the outer 
lips extending strongly forward from the umbilici to near the mid
point of the outer whorl surface, where they then bend strongly back 
at a rounded right angle to proceed straight inward, forming a wide, 
relatively deep "U" shaped sinus, the through of which occupies the 
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entire broad dorsum; ornamented by closely spaced, fine, distinct 
growth lines and extremely fine spiral lirae on the mature dorsum; 
spiral lirae possibly present elsewhere on the body, but unknown. 

Discussion: As nearly as I can determine, the type lot of this 
species contained only the specimen figured by Koken. The original 
of pl. 17, figs. 13, 15 (P.M. O. no. 20267) is, therefore, the holotype. 

It is a steinkern, preserving one patch of shell on the side and a second 
tiny patch near the aperture. It is from 4aa, at Huk, Bygdøy in the 
city of Oslo. 

The species differs from S. (5inuites) niger Koken in being wider 
and lower with a correspondingly more rounded dorsum. 5inuites (5.) 
bilobates (Sowerby) differs from this species in having straighter sides 
and a more rounded dorsum; the type has been refigured by Knight 
(1941, pl. 6). 5inuites (5.) quadratus Koken and 5.? ammonoides Koken 
are so different as to need no comparisons. 

For the remaining species one must depend on the illustrations 
provided by Koken and one cannot be certain that the implied differen
ces do really exist. 5inuites (5.) rugulosus has a more angular turn of 
the aperture into the sinus and 5. (5.) vestustus has a shallower sinus. 
5. (5.) gracilis has a narrower and deeper sinus. 5. (5.) navic�tloides 
and 5. (5.) nanus seem to differ only in being slightly wider and more 
rounded on the dorsum. 

I have examined the figured specimen and another specimen in the 
type lot of 5. (5.) angustus Koken, from the Glaukonitkalk at Småland, 
Sweden. Both are steinkerns and I can see no difference in shape be 

tween them and the type of 5. (5.) corp�tlentus. The figured specimen 
of 5. (5.) angustus does show a depression in the steinkern near the 
aperture which is convex forward rather than concave forward as in 
other species of the genus. Possibly this feature may be an artifact 
of preservation and have no biological significance. It seems the wisest 
course at this time to hold in abeyance any synonymy of this name 
until 5. (5.) angustus is redescribed and reillustrated from more com
plete material. 

Occurrence: 4aa, Lunner, Hadeland; Hovstangen, Gran, Hade
land; 4a;J, Kojatangen, Asker, Oslo-Asker; 4a, Huk, Bygdøy, 

Oslo, Oslo-Asker; Cephalopod Shale, Gran, Hadeland; Hovinds
holm, Helgøya, Nes-Hamar; 4a or 4b, King's Palace, Oslo, Oslo
Asker; 4ba, Bygdøy, Oslo, Oslo-Asker; 4b;J, Ostøya, Oslo-Asker; 
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4by, Kråkeholmen, near Ostøya, Oslo-Asker; 4b, Nakholmen, Oslo 
-Asker; 4, Snarøy, Oslo-Asker. 

Over seventy-five specimens of this species are available, but as 
in 5. (5.) niger, almost without exception, they are steinkerns. The 
specimens occur in very dark gray to black limestone, probably of 
concretionary origin. 

Although the ranges of 5. (5.) corpulentus and 5. (5.) niger do 
overlap, the abundance of the two species is markedly different in 
units 4a and 4b. This species is characteristic of the younger horizon 
and comparatively few specimens occur in the older beds. On the other 
hand, undoubtedly representative of 5. (5.) niger have not been found 
above the level of the Cephalopod Shale. 

A smaller form of 5. (5.) corpulentus was reported by Perner in 
Koken (1925, p. 319) from 4d at Frognøya, Ringerike, but I have not 
been able to find any specimens in the collections. One specifically 
indeterminate 5inuites does occur in 4c at the locality cited (P.M.O. 
no. 11310). A steinkern, tentatively identified as this species, occurs 
in 4ca on Nakholmen, Oslo (P.M.O. no. 8876). 

FAMILY BELLEROPHONTIDAE M'Coy, 1851 
SUBFAMIL Y TROPIDODISCINAE Knight, 1956 

Genus Tropidodiscus Meek and Worthen, 1866 
Tropidodiscus sphenonotus (Koken, 1897) 

Plate 2, figures 1-5. 

1897 Oxydiscus sphenonotus Koken, Bull. Acad. Imp. Sei., St. Petersbourg, 
vol. 7, no. 2, p. 131, fig. 8. 

1925 Temnodiscus sphenonotus Koken, Mem. Acad. Sei. Russie, Cl. Phy.

Math., vol. 37, no. l, p. 51, pl. 25, figs 25-27, 35-37. 

1925 Temnodiscus imbricatus Koken, Mem. Acad. Sei. Russie, Cl. Phy.

Math., vol. 37, no. l, pp. 51-52, pl. 25, figs. 28-31. 

Description: Strongly compressed, phaneromphalous bellero
phontids, developing imbricate ornament; earliest growth stages 
unknown; shell not expanding rapidly; widely phaneromphalous, the 
umbilici shallow, but with nearly vertical walls, ending at a sharp right 
ang led, circumbilical ridge; other details of umbilical areas unknown; 
periphery at circumbilical ridge; whorl profile inclined gently inward 
for a short distance above periphery, then smoothly, but rather 
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abruptly, turning in and proceeding strongly upward, following a 
curvature concave inward, rising to a nearly knife edge crest on which 
the selenizone is located; selenizone narrow but extremely thick, the 
shell being more than twice as thick below the selenizone as on other 
parts of the whorl; growth lines unknown in umbilical areas, distinctly 
prosocline at periphery and on gently arched portion of whorl above, 
turning toward orthocline at the start of concave curvature of the 
shell and proceeding straight to just below the periphery where they 
then turn gently prosocline, the lamellose nature of many of these 
lines simulating several slight sinuosities along the sides of the whorl; 
ornamented by fine, extremely closely spaced growth lines, which 
periodically become expanded as coarse laminae or varices, so that 
the shell surface is imbricate. 

Discussion: The primary types of this species are housed in the 
Riksmuseet. The original of Koken's pl. 25, figure 35-37 is here desig
nated lectotype (R.M. no. 1fo. 87828). It is a partially oxydized, 
pyritic specimen, but some shell is retained on the body whorls. Three 
other specimens, the originals of pl. 25, figs. 25 and 26 and probably 
fig. 27 (R.M. nos. Mo. 87717-87720) are designated paralectotypes. 
These are pyritized steinkerns. Another steinkern is num bered Mo. 
87827. Since it is in the same box vvith the lectotype, it too is presum
ably a paralectotype. All types are from Djuptrekkodden (rendered as 
Huptrekkodden by Koken). 

The original of Koken's pl. 25, figs. 28-30 (P.M. O. 40738) is design
ated lcctotype of Temnodiscus imbricatus Koken; the original of pl. 
25, fig. 31 (P.M.O. no. 20310) is designated paralectotype. Koken 
reports a variety of the species from 4ca, but the specimen or speci
mens of this variety is not figured and is not identified in the collec
tions; this missing specimen pro ba bly has the status of a paralecto
type. Another specimen of this species (P.M.O. no. 20272) was iden
tified early in this century, but there is no proof that it was part of 
the type lot. The lectotype of T emnodiscus intbricatus p reserves most 
of the shell. The paralectotype and third specimen are sharp steinkerns, 
preserving patches of shell. 

After examining the types of both species, I am convinced they 
belong to the same taxon. Features of both shell and steinkern seem 
to be identical in the two type lots. Several of the paralectotypes of 
T. sphenonotus show some irregularly spaced identations in the side 
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of the steinkern. Koken stressed this in illustration, but I am inclined 
to attribute little importance to the feature. They could very well be 
the result of incomplete filling of the shell after death or pathologic 
local shell thickenings. 

Oxydisc11s has long been recognized as a synonym of Tropidodiscus 
and the species is transferred accordingly. Koken's use of Temnodiscus 
is difficult to follow as the type of that genus is an open coiled, rapidly 
expanding form. 

Koken assigned three Upper Ordovician species and another 
Middle Ordovician species from Norway and seven other Ordovician 
species from outside Norway to Temnodisc11s, in addition to the two 
species herein questionably placed in Pharetrolites. Of these, T. pteu
rogonHs Koken and T. accola Koken are rapidly expanding forms. In 
this feature, they are more like the Norwegian species questionably 
assigned to Pharetrolites, but neither shows umbilical details well 
enough to prove this generic placement. The species T. minutus may 
not be congeneric with Tropidodiscus but no details of the selenizone 
are known. In any case, the profile differs from that of this species in 
having a less distinct umbilical ridge. 

Among the Norwegian species, Temnodiscus lindstromi Koken, 
from unit Sa, has a whorl profile wider at the periphery. Temnodiscus 
nautilinus and T.? ogygiae both have narrower umbilici and a wider 
shell. T. parvus has a crest on the dorsum of the steinkern. All three 
are rare and poorly known. 

Of the remaining four species, Temnodiscus suecicus Koken and 
T. secans seem to be slightly wider and T. ingricus (De Verneuil), 
as illustrated by Koken, seems to have a slightly flaring aperture. 
There are no obvious differences between the illustrations of T. viator 
Koken, a species known only from the Pleistocene Drift, and T. 
sphenonotus, but as I have not examined the type of that species, I 
will not propose a formal synonymy. All eight species mentioned are 
here transferred to Tropidodiscus. 

Oxydisc11s ptanissimus (Eichwald), as used by Koken (1925, p. 71), 

is here also transferred to Tropidodiscus. The illustrated specimen 
seems to be a steinkern and no dose comparison with T. sphenonotus 

can be made. This species does occur at about the same stratigraphic 
level as T. sphenonotus and it should be investigated to see if it is a 
senior synonym. Oxidiscus karki Opik (1930, p. 20) occurs in unit 
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02, but it seems to have more whorls than T. sphenonotus. Indeed, 
there is a possibility that the species should be transferred to Mega

lomphala rather than Tropidodiscus. 

Occurrence: 4aa?, Djuptrekkodden, Oslo-Asker (lectotype R.M. 
no. Mo. 87828; nos. Mo. 87717-87721, 87827); 4aa, Hjortnestangen, 
Oslo-Asker (T. imbricatus, lectotype, P.M.O. no. 40738), 4af3, Asker, 
Oslo-Asker (P.M.O. no. 20310); 4a, Huk, Bygdøy, Oslo-Asker 
(P.M.O. no. 20272). All specimens occur in black, fine-grained lime
stone. 

Tropidodiscus? ogygiae (Koken), 1925 

Plate 3, figures l, 5-6. 

1925 Temnodiscus Ogygiae Koken, Mem. Acad. Sei. Russie, Cl. Phy. -Math., 

vol. 37, no. l, p. 52, pl. 26, figs. 31, 32. 

Description: Subcordiform, moderately narrowly phaneromphalous 
bellerophontaceans; earliest whorls unknown; umbilici not known 
in detail, moderately narrow, surrounded by a sharp, circum
bilical angulation, below which the walls may be vertical; whorl 
profile known only from steinkern; periphery at circumbilical angu
lations, profile above periphery lanceolate or subcordiform, sloping 
upward and inward with essentially no arching until near the base of 
the dorsum when sides curve inward and then abruptly upward to 
form a sharp keel-like dorsum; growth lines unknown; ornament 
unknown; shell structure unknown. 

Discussion: T emnodiscus ogygiae is reported by Koken from two 
localities, but the extant material is only from Hjortnestangen. The 
original of Koken's pl. 26, figs. 31, 32 is here designated lectotype 
(P.M.O. no. 3636); the original lot presumably included more than 
one specimen. The lectotype is housed in a glass vial which was broken 
at the bottom; possibly other specimens from this locality were lost. 
The lectotype is a steinkern. 

The relatively sharp dorsum and nearly vertical walled umbilici 
of the steinkern suggest placement of this species within Tropidodiscus. 

In the absence of any information about apertural features, the generic 
placement can only be tentative. Tropidodiscus? ogygiae differs from 
T. sphenonotus in ha ving a wider shell and narrower umbilici. Although 
the dorsum has been subjected to some swelling during oxydizing 
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of the pyritic steinkern, this could not have effected the umbilical 
are as. 

There is some suggestion of an apertural flaring, but this might 
be an artifact caused by the retention of matrix within the umbilici. 
If this feature does exist, it might suggest placement of the species in 
Cymbularia. The species does superficially resemble C. pygmaea Koken 
in size, but lacks the rounded dorsum of the steinkern. In any case, 
T.? ogygiae is not well known. It is suggested that the name be re
stricted to the type lot. 

Occurrence: 4aa, Hjortnestangen, Oslo-Asker (the lectotype, P. 
M.O. no. 3636). The specimen is pyritic with a black shale matrix 
preserved in the umbilici. 

Vostokova (1955, p. 109) identified Temnodiscus ogygiae from unit 
C2 of the Baltic area, but her specimens are not conspecific and pos
sibly not congeneric. This identification may be the basis for its repor
ted occurrence in the Middle Ordovician of Estonia (Kaljo and others, 
1956, p. 36). 

Genus Phragmolites Conrad, 1838 
Phragmolites? reticulata (Koken, 18%) 

Plate 2, figures 6-R, 12. 

1925 Conradella reticulata Koken, :\Iem. "\cad. Sei. Russic, Cl. Phy. -Math., 
Yol. 37, no. l, p. 71, 285, pl. 27, figs. 12-15. 

Description: Moderately vvcll rounded bcllerophontaceans, ha ving a 

narrow, flat selenizone and an ela bora te ornament; ear ly growth stag es 
unknown; sutures distinct in umbilici, walls gently arched, well 

rounded near top of umbilici; whorl profilc moderately wcll rounded 

from umbilici, so that no distinct lateral slopes are formecl, con

tinning slightly less curved onto the dorsum with flattcning near the 
selenizone; selenizone flat and narrow, bordered by clistinct lirae, 

and slightly but distinctly raisccl above the general level of shell; 

grmYth lines strongly prosocline, S\Yeeping back strongly across dorsum 
so that they are subparallel to edge of selenizone; selcnizone with faint, 

concentric, little curved lunulae; ornament of closely spacecl, strong 

growth lines, being exceedingly sinuous so that the small individual 

bends of adjacent growth lines are in contact, making a dense, reti

culate to quincuncial pattern covering the entire shell. 
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Discussion: The type lot of Conradella reticulata apparently con
sisted of two specimens. The original of plate 27, fig. 16 is designated 
lectotype (P.M.O. no. 72796); the original of figs. 12-14 is designated 
paralectotype (P.M.O. no. 6385). The paralectotype differs markedly 
from the lectotype in having a high, narrow median crest rather than 
a low, broader selenizone. After examining this specimen carefully, 
however, I am inclined to attribute the "crest" to the effects of pre
servation. The ornament seems to be impressed on a steinkern and the 
crest is most prominent where all shell is missing. It is relatively much 
lower where shell is present. The few patches of shell may be actually 
only from the inner layer; if the complete thickness were present the 
"crest" would be obliterated. The differences shown in the illustrations 
of the two specimens are pronounced and other workers may not agree 
with this interpretation. The selenizone in many species is an area 
of weakness so that shell peels off differentially, leaving it as a depres
sed area. Just the reverse, hmYever, has apparently happened \Yith 
the paralectotype. It is for this reason that the less well preserved 
specimen has been designated lectotype and the better preserved, but 
atypical, specimen only as paralectotype. 

Two other specimens are also available. The first specimen is al
most the size of the paralectotype and adds one detail, vvhich seems 
to confirm the interpretation. It shows a depressed dorsum, except 
in o ne spot where shell remains; in this spot the selenizone is raised. 
This specimen thus bridges the gap between the first two. It is most 
illustrative in showing the pitfalls associated with the description of 

steinkerns and partially exfoliated specimens. The second specimen is 
much larger and is largcr than either of the other three; it is fairly 
well preserved. 

Through the kindness of Prof. Dr. G. Regnell, Lunds Universitet, I 
have been able to borrow one of the original specimens of Conradella 
gracillima; this specimen, no. LO 3108t, is the original of plate 27, 
fig. 19 of Koken, 1925. A comparison of the types indicates that this 
species is narrower and has a more rounded dorsum than C. reticulata. 

Since Conradella is generally accepted as a subjective synonym of 
Phragmolites, the species should be moved to that genus. Typical 
Phragmolites species differ from Conradella reticulata in having the 
varicies more widely spaced and the whorl more compressed. For the 
present, however, P.? reticulata seems a reasonable placement. \Vell 
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preserved specimens of P.? gracillima are common in the Dalarne 
Region of Sweden and they are part of a fauna currently under study. 
Whether another generic taxon should be described for this species 
must be deferred until this study has been completed. (Kristina 
Wangberg-Eriksson, oral communication.) Conradella pinguis Koken, 
from unit Sa, is now known to be a true Phragmolites, it has the 
characteristic varicies. It is much narrower than P.? reticulata (Koken). 

Occ�trrence: Cyclocrinus beds, Bergvik, Helgøya, Nes-Hamar 
(P.M.O. 38108): Furuberget, Nes-Hamar (P.M.O. 38314); 4bb, 
Nordstrand, Sjøvollbukta, Oslo-Asker (P.M.O. no. 6385); 4bb, 
Bråten, Oslo-Asker (lectotype, P.M.O. no. 72796). Three specimens 
are in a moderately dark gray, coarse-grained limestone associated 
with numerous bryozoans. The lectotype is in light gray, coarsely 
crystalline limestone. 

SUBF AMIL Y BUCANIINAE Ulrich and Scofield, 1897 
TRIBE BUCANIIDES Ulrich and Scofield, 1897 

Genus Bucania Hall, 1847 
Bucania? christianiae (Kokeny, 1925) 

Plate 3, figures 10-11, 14-15. 

1925 Bucaniella christianiae Koken, Mem. Acad. Sei. Russic, Cl. Phy. -Math., 
vol. 37, no. l, p. 20, pl. 23, figs. 10-16. 

1932 Tetranota christianiae (Koken), Teichert, Forts. Geol. Paleont. Bd. 11, 
Hf. 35, p. 267. 

Description: Large, widely phaneromphalous bellerophontaceans, 
ha ving a flattened dorsum except at maturity; earliest growth stages 
unknown; widely phaneromphalous, the umbilicus step-like and the 
umbilical walls arched; whorl profile rising steeply out of umbilici 
and curving rapidly across side to form a flattened dorsum, the change 
from umbilici to dorsum abrupt, but with development only of a cord 
and not of an angulation, the curvature becoming more abrupt with 
increasing maturity; dorsum gently arched, nearly horizontal at 
selenizone; selenizone bordered and slightly concave, but in most 
mature stages possibly becoming raised on a low rounded crest; 

_ growth lines very steeply prosocline in lowest part of umbilici and 
orthocline just below upper edge of umbilici, gently prosocline on sides 
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to well up on dorsum where they then curve backward and meet the 
selenizone at an angle near forty-five degrees; lunulae concentric 
and little curved; ornamented by a spiral lira on each side of seleni
zone, at least three faint lirae on each side and one lira at each umbi
licus and coarse, nearly lamellose, growth lines. 

Discussion: The well developed selenizone immediately distin
guishes this species from the sinuate genus Bucanella. Teichert ( 1932) 
corrected many of the broad generic assignments employed by Koken 
and he transferred ten species which Koken placed in Bttcaniella 

( = Bucanella) to Tetranota. In this particular case, however, a question
able reference to the closely related Bucania seems to be a more satis
factory placement. Except for a few traces of spiral cords near the 
umbilical margins, this species lacks the characteristic spiral ornament 
of Bucania. On the other hand, the shape is quite typical for the genus 
and only in the most mature stage is the selenizone raised on a crest, 
one of the distinguishing features of all stages of Tetranota. 

Koken divided Bucanella as employed by him, in to five groups and, 
for convenience, comparisons are made only within these groups. 
Bucania? christianiae differs from Tetranota jugata (Koken) in lacking 
a well rounded dorsum. It differs from T. conspicua (Eichwald), as 
illustrated by Koken, in being a relatively narrower, and more widely 
phaneromphalous shell, and not developing a median crest in early 
growth stages. 

The species was reported by Koken from 4b (Chasmops coni
cophtalmus zone) at the King's Palace, Oslo and Ladegaardsoen, an 
older name for Bygdøy, Oslo. Apparently, there were at least three 
specimens in the original lot. The original or originals of figures 14-
16, pl. 23 of Koken is lost; this appears to have been a steinkern. The 
original of figure 12 (P.M.O. 4869), here designated paralectotype, is 
a large, black steinkern in a black fine-grained matrix. The original 
label is not with this specimen and the label subsequently prepared 
indicates only stage 4b, Kristiania [Oslo]. The third specimen (P.M. 
O. 20356), the original of figures 10, 11 and 13, is here designated lecto

type. This is also a black limestone steinkern, but it preserves a small 
patch of shell which has been replaced by limonite. On the back of the 
specimen is written "Slott. b ( ?)." A label prepared much later gives 

the information about the Chasmops zone cited by Koken. Two 

other specimens, P.M.O. nos. 20355 and 20357 are labeled as primary 



166 ELLIS L. YOCHELSON 

types; they have the status of unfigured paralectotypes. Both are 
steinkerns and add little to the species concept. 

The lithology of the primary specimens is characteristic of con
cretions in unit 4. Because of the uncertainty about the original loca
lities, one might restrict the species to the type lot, but there appears 
to be only one bellerophontacean in the Middle Ordovician fauna which 
fits the figures and descriptions and I cannot in all conscience consider 
B.? christianiae as a nmnen dubium. 

Occurrence: Cephalopod Shale, Hovindsholm, Helgøya, Nes-Ha
mar; 4ajJ, south of Gran station, Hadeland; 4b, King's Palace, Oslo 
-Asker; 4b?, King's Palace, Oslo-Asker; 4, Huk, Bygdøy, Oslo
Asker. 

Several specimens have been collected from limestone concretions 
at Hovindsholm. The Hadeland occurrence is based on a single limo
nite steinkern (P.:\f.O. 33654).  Nearly a dozen specimens are reported 
from 4b, in the area of the King's Palace. All are old collections and 
it is possiblc that the species does not really occur this high in the 
section. On the other hand, there are also two specimens preserved 
in shales of 4ba, collected on the new Drammensvei at Slependen 
(P.l\1.0. 11890, 56100) . Growth lines and selenizonal area appear to 
be identical with this species, but the specimens are so crushed that 

it is not possible to determine if the whorl profile is the same as in 
B. ?christiam·ae. 

Genus Kokenospira Bassler, 1915 
Kokenospira esthona (Koken, 1889) 

Plate 3, figures 9, 12-13, 16. 

1889 Bucaniella estlwna Koken, �eues Jahr. f. Mineralogie, Beilageband 6, 

p. 389, pl. 13, figs. 1, l <i. 

1925 Bucaniella estlwna Koken, Mem. Acad. Sei. Eussie, Cl. Ph y. -Math., vol. 
37, no. l, p. 15, pl. 22, figs. 8 - lO. 

1932 Kohenospira esthona (Koken), Teichcrt, Forts. Geol. Palaeont. Bd. 11, 

Heft 35, p. 268. 

1941 Kohenospira esthona (Koken), Knight, Geological Society of America, 
special paper 32, p. 166, pl. 8, figs. 2a, 2b. 

Description: \Vide, phaneromphalous bellerophontaceans, orna
mentecl by few spiral lirae in early growth stages, but several at 
maturity; earlicst whorls unknown; whorls expancling at a relatively 
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slow rate; umbilici moderately narrow with inclined, arched umbilical 
walls ending at sharp acute circumbilical angulations, these angulations 
also forming the periphery of the wide shell; the juvenile profile above 
periphery rising strongly upward for a short distance, crossing a spiral 
lira and continuing inward and upward to another spiral lira, both 
areas being essentially straight except for slight concavity near to 
lirae, crossing second lirae and continuing at about same inclination 
but with slight concavity to the dorsum which is surmounted by 
selenizone; the mature pro file swelling inward and upward, more or 
less triangularly, then changing to concave upward curvature to the 
prominent, raised dorsum, the profile being slightly irregular because 
of numcrous spiral lirae on the sides of whorl; selenizone moderately 
narrow, concave between two bordering lirae; lunulae faint and not 
well knovm; slit depth unknown but pro babl y less than one-fourth 
of body whorl in depth; growth lines unknown in umbilici, nearly 
normal to periphery and thcn prosocline, swinging back toward selc
nizone and maintaining a steady, slight curvature, which increases 
slightly halfway between mid-whorl and selenizone, the growth lines 
forming an angle of less than thirty-degrees with the edge of the sele
nizone; ornamented by closely spaced but distinct growth lines, in 
early growth stages with two prominent spiral lirae on each side of 
selenizonc, one near mid-whorl and one just above the periphery; at 
maturity ornamented by four or more spiral lirae on the lower half 
of the whorl; shell structure unknown. 

Discussion: This description is based on two specimens from the 

Ringerike area. The larger is a steinkern and while it is not well pre
served it shows at least four spiral lirae on each side of the whorl. 
I have compared this with photographs of the type specimen (Knight, 
1941, pl. 8, figs. 2a, 2b) and am reasonably certain that the specific 
identification is correct. 

The second specimen is somewhat smaller than the first. In general 
shape, it is nearly identical with the first. On one side the growth lines 
are well preserved and two prominent spiral lirae can be seen. This 
feature is quite different from the larger specimen. The other side of 
the shell is less well preserved. There is a suggestion that a third lira 
may occur above the one near mid-whorl. 

Interpretation of these two specimens is difficult. I am inclincd 
to believe that several lirae may appear near the mature stage and 
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rapidly grow to the size of the earlier lirae. The description is based 
on this assumption. It is perhaps equally possible that the number of 
lirae on the species varies within rather wide limits. The third alter
native is that the two specimens represent two species and has been 
considered but rejected. If pronounced ontogenetic change in liration 
can be proven among species of this genus, it will require extensive 
revision of the described taxa. 

The type lot of this species is known only from Pleistocene Drift. 
Koken suggested that the specimen may have come from unit D1 
or D2 in Estonia. The occurrence of this species in the lower part of 
the Chasmops series favors this interpretation. 

Kokenospira i·nsularis (Koken) differs not only in having less prom
inent spiral lirae, but more importantly, in having a relatively well 
rounded profile. It is possible that these might eventually be placed 
in two different genera. Proposal of new generic taxa within the group 
is better deferred until all of Koken's species of "Bucaniella" are 
re ill ustra ted. 

Occttrrence: 4ba, Beach section at Bratterud, Ringerike (P.M.O. 
nos. 7233, 7234). 

Kokenospira insularis (Koken, 1925) 

Plate 3, figures 2-4, 7-8. 

1925 Bucaniella insularis Koken, Mem. Aead. Sei. H.ussie, Cl. Ph y. -Math. 
vol. 37, no. l, p. pl. 15, 23, figs. 42-43. 

1925 Bucaniella glabrata Koken, Mem. Aead. Sei. Russie, Cl. Phy. -Math., 
vol. 37, no. l, pl. 16, pl. 23, fig. 41. 

1932 Kokenospira insularis (Koken), Teiehert, Forts. Geol. Palaeont. Bd. 11, 
Heft 35, p. 268. 

1932 Kokenospira glabrata (Koken), Teichert, Forts. Geo!. Palaont. Bd. 11, 
Heft 35, pl. 268. 

Description: Well rounded bellerophontaceans, having a wicle 
selenizone and numerous spiral lirae; earliest growth stages unknown; 
widely phaneromphalous, details of the umbilici unknown; whorl 
profile moderately well rounded above umbilici, the whorl sides round
ed and not clearly set off, the dorsum arched and flattened at top by 
the selenizone, which is riased in the steinkern; selenizone broad, low, 
flattened and not strongly bordered; growth lines clistinct, unknown 
in umbilici, nearly orthocline for about one-fourth the distance from 
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edge of umbilicus to selenizone, crossing four spiral lirae in this dis
tance, then gradually turning to prosocline, straight for most of the 
width of dorsum, but curving slightly near the selenizone; slit ex
tremely short, slit and sinus probably occupying less than one-fourth 
of body whorl; lunulae faint, broad and closely spaced, the selenizone 
ornamented with one or two spiral lirae, which do not appear to 
interrupt the lunulae; ornamented by numerous low spirallirae, one 
or two within the selenizone and at least eight on each side between 
the dorsum and the umbilici, but showing slight variation on either 
side of the selenizone, four on the side being subequal in weight and 
evenly spaced, except for one, approximately at the juncture of whorl 
side and dorsum that is larger and four near the selenizone being 
closely spaced; additional spiral lirae added by intercalation with 
maturity so that number and spacing of lirae is not constant, the 
growth lines closely spaced and much smaller than these lirae, so 
that this intersection with lirae does not form a reticulate pattern. 

Discussion: Koken named two species of Bucanella from 4aa, at 
Huk, Bygdøy, Oslo. Two specimens in the collections are labeled 
Bucaniella insularis Koken. This species is illustrated by Koken by 
two drawings of different selenizonal areas and again one must assume 
that the specimens labeled are the originals. The most complete, un
compressed specimen is here designated as lectotype (P.M.O. no. 
20273); this is possibly the original of pl. 23, fig. 43. The other specimen 
is designated paralectotype, although I cannot be positive that it is 
the original of pl. 23, fig. 42 (P.M.O. no. 20273a). There are other 
labeled specimens of this species in the collection, but nothing suggests 
that they were available to Koken. 

The second species, Bucaniella glabrata Koken, is illustrated only 
by a drawing of the selenizone area. It is difficult to match specimen 
and illustration, but I assume that the specimen labeled as original 
is the model for this figure. This specimen (P.M.O. no. 40447) is here 
designated as lectotype rather than holotype, as there is another spe
eimen labeled B. glabrata in the collections (P.M.O. no. 40446) and 
it may have been part of the type lot. 

Of the four type specimens, one is so badly distorted as to be 
nearly useless, although it does show some growth lines. The three 
remaining are steinkerns, only one of which has a tiny patch of the 
inner shell layer remaining. There is some differcncc in the shapes of 
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the lectotypes of B. glabrata and B. insularis, the first steinkern being 
narrower and having the trace of the selcnizone raised higher. There is 
no difference behveen the paralectotype of B. glabrata and the lecto
type of B. insularis. After studying the additional specimens available, 
I am inclined to place little significance on the differences between 
the two lectotypes and, thercfore, place B. glabrata in the synonymy 
B. of insularis. Because there may be somc question about the 
zoological validity of this procedure, I have illustrated both lecto
types. 

Teichert (1932, p. 268) referrcd all species in Koken's "Gruppe 
der Bucaniella lateralis" to Kokenospira except B. obtusanga. This 
species is illustrated by a steinkern or steinkerns, which show no orna
ment and probably cannot be placed as to genus. Kokenospira esthona 

was illustrated and described by Knight (1941, p. 166) . It has a higher 
selenizone on the steinkern and a more arched shell than even the lecto
type of B. glabrata; the ornament pattern appears identical to this 
speCies. 

The hvo other species in this group are knmvn only from Koken's 
illustration. Kokenospira revaliensis (Koken) seems to be a narrower 
shell. Kokenospira later alis (Eich\vald), as illustrated by Koken, may 
have narrower umbilici, but the single figure is not conclusive on this 

point. Teichert qucstioned the generic placement of K. inflata (Koken); 
I can see no reason to doubt that this is a Kokenospira. It is closely 
related but may differ in being slightly more compressed than K. 
insularis. Teichert (1932, p. 268) also moved Bucaniella depressa 
Koken to Kokenospira. I can see no obvious differences between this 
taxon and K. insularis, but discussion of synonymy must wait further 
study of that specics. Kokenospira retifera Opik (1930, pp. 1 9-20) 

from the :Middle Ordovician of Estonia, might be a related species, but 
the illustrations of it do not allow dose comparison. 

Kjerulf (1865, p. 13) presented two figures of a specimen labeled 
"Bellerophon cancellatus, Hall var. norvegicus" from Lynne (Lun
ner). Koken lists "Bellerophon cancellatus Hall bei Kjerulf" in the 
synonymy of B. insularis, but makes no mention of Kjerulf's perfectly 
valid varietal (= subspecies) name. Unfortunately, Kjerulf's figures 
are somewhat generalized and no original specimen is available in the 
collections of the Paleontological Museum at Oslo. A specimen from 
the Riksmuseet in Stockholm, \vhich is labeled as the original of 
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Kjerulf's figure, is Sinuites (Simtites) niger. Even though it is possible 
that B. norvegictts Kjerulf may be a senior synonym of K. insularis 

I see no reason to use this name in the absence of reliable type material, 
although for purposes of homonymy, the name should no longer be 
ignored. 

Occurrence: 4aa, Huk, Bygdøy, Oslo-Asker (the lectotype, P,M.O. 
no. 20273; P.M.O. nos. 20273a, 40446, 40447, 3529, 3530-four speci
mens); Lunner, Hadeland (P.M.O. no. 33462). The species is known 
from nine specimens, mostly steinkerns, all preserved in black, fine
graine limestone. This species may occur in the Cephalopod Shale, but 
the available specimens are inconclusive. 

One specifically indeterminate Kokenospira has also been found 
in unit 4c, at the railroad section at southern Flattla, north of Lunner 
station, Hadeland (P.M.O. no. 35052). Another may occur in 4cfJ, at 
Lindøy, Oslo (P.M.O. no. 11546). Both are poor and generic placement 
is only tentative. 

Kokenospira new speCies 

Plate 4, figures 15, 17-19. 

Description: Narrowly phaneromphalous bellerophontaceans, or
namented by numerous spiral lirae; earliest whorls unknown; shell 
expanding at a moderately slow rate; sutures and most umbilical 
details unknown; upper part of umbilical walls nearly vertical and 
forming an acute, only slightly rounded angulation with the sides; 

periphery at circumbilical angulations; whorl profile known only from 
steinkern; pro file curving upward and inward for a short distance, then 
continuing inward and upward, with essentially no arching, at an 
angle near forty-five degrees, for most of the width of the sides to just 

below the dorsum, where the sides than turn strongly upward for an 
extremely short distance; dorsum \Yide , only slightly arched, but 
raised enough above the sides of the steinkern so that it might protrude 
even in shelled specimens; selenizone occupying full width of dorsum, 
seemingly with strongly curved lunulae, other details unknown; slit 
and sinus short, together occupying less than one-fourth of the length 
of the body whorl; growth lines unknown in umbilici or at periphery, 
on most of width of side prosocline, inclined near forty-five degrees 
fine spiral lirae, closely and essentially uniformly spaced on the sides 
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of the whorls, but with some variation on the two sides of the dorsum; 
some growth lines, strong enough to be impressed on steinkern as 
irregularly spaced indentations; shell structures unknown, but pro b
abl y thin. 

Discussion: The a bo ve description is based on a single, well pre-. 
served steinkern. The umbilical details are partially obscured by ma
trix. While it shows the general shape extremely well, features of the 
shell are unknown. In part because of this and in part because of lack 
of information about growth stages and limits of individual variation, 
I believe it better to defer the formal naming of this taxon until more 
material is at hand. 

The specimen is of particular interest in that it shows the relatively 
short depth of the slit. Relative slit depth is still not known for enough 
species to be an important taxonomic character, but eventually it 
may be considered significant. Since both the type specimen Kokeno
spira esthona (Koken) and this taxon show similar slit depths, one 
can at least suggest that a short slit is a generic character of Kokeno
spira. 

The variation in lirae on both sides of the specimen can also be 
observed easily. On the right side the lirae are larger and less numerous 
than on the left. On the left side one may also see where several of 

the liras have been offset. It seems unlikely that the exact num ber and 
spacing of lirae is a particularly fundamental character. Lirae are 
simply the result of wrinkles in the mantle depositing the shell and 
by their nature may be subject to some individual variation. 

Kokenospira new species develops more spiral ornament than K. 
esthona (Koken). It has a few more spiral lirae than K. insularis 
(Koken) and a slightly more triangular cross-section. It is less compres
sed than K. revalensis (Koken) and possibly K. lateralis (Koken), 
although this latter form is not adequately illustrated. The profile 
is more inflated than in K. depressa Koken. It is pro ba bly most similar 
to K. inflata (Koken). Kokenospira new species seems to be slightly 
wider but the type of that species should be re-examined lest it prove 
to be a senior synonym. 

Occurrence: 4M, Nakholmen, Oslo-Asker (P.M.O. no. 5325). 
The steinkern is in a dark gray, moderately fine-grained limestone. 
to dorsum with little curvature, but near the dorsum, hending strongly 
back to form sides of extremely short slit; ornamented by numerous, 
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SUBF AMIL Y BELLEROPHONTINAE M'Coy, 1851 
Genus Cymbularia Koken, 1896 

Cymbularia pygmaea Koken, 1925 

Plate 2, figures 9-11. 
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1925 Cymbularia pygmaea Koken, Mem. Acad. Sei. Russie, Cl. Phy. -Math., 

vol. 37, no. l, pp. 6-7, pl. 26, figs. 2, 3, 8-10. 
?1955 Cymbularia pygmaea Koken, Vostokova, Vosprosy Paleontologii, vol. 2, 

p. 107, pl. 8, fig. 4. 

Description: Moderately compressed bellerophontaceans, devel
oping a flaring aperture at maturity and ha ving a deep slit; earliest 
growth stages unknown; whorl pro file of immature growth stages 
known only from steinkern, this profile being that of a compressed 
shell with a well arched, nearly rounded, dorsum, on which a narrow 
raised lira marking the position of the selenizone is surmounted; 
aperture expanded at maturity so that whorl profile is nearly an in
verted "V" shape, the upper parts of the letter flaring outward; um
bilical characters not known in detail, probably not phaneromphalous, 
but with a narrow depression on each side of columella, without any 
evidence of an inductural filling of open umbilici; selenizone narrow, 
known only from steinkern, possibly forming a low median crest on 
the dorsum; slit deep, occupying slightly more than one-half of body 
whorl; growth lines unknown at umbillci, gently prosocline, nearly 
orthocline, along most of the length of the side with an exceedingly 
slight sinuosity near the midpoint of side, changing the otherwise 

straight course of the lines, near the selenizone curving smoothly but 
abruptly backwards so that they bend at nearly a angle right and 
are subparallel to the median crest; growth lines unknown on 
selenizone; ornamented by closely spaced fine growth lines. 

Discussion: Koken figured two specimens; one cannot be certain 
what other specimens are to be included in the type lot and it is not 
possible to designate unfigured paralectotypes. The paralectotype, 
the original of pl. 26, figs. 8-10 (P.M.O. no. 20277), has patches of 
shell preserved near the umbillici. The lectotype, the original of pl. 
26, fig. 2 and 3 (P.M.O. no. 40739), also preserves a little shell near 
the aperture. Both specimens are essentially steinkerns but they do 
show the depth of the slit. It was filled with matrix and left as a high 
"crest". At the base of the slit this "crest" is abruptly reduced almost 
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to the general level of the dorsum. The dorsum of this steinkern poste
rior to the slit is well rounded. This feature immediately distinguishes 
the species from Tropidodiscus? ogygiae (Koken), vvhich has the same 
general size and shape. 

Knight (1941, p. 93) suspected that t he type species might be 
anomphalous or cryptomphalous rather than phaneromphalous, as 
originally described. A topotype of C. galeata Koken (P.M.O. no. 
A2006), which I have examined, and the specimens of C. pygmaea are 
not phaneromphalous. It seems reasonable to assume that a cryptom
phalous or anomphalous condition of  the umbilici is a generic character. 
If this be the case, then some of Koken's species are incorrectly as
signed. Koken named eight species of Cymbularia and assigned one of 
Roemer's species to the genus. 

In addition to the type species, C. cultrijugata (Rosmer) and C. 
roemeri Koken appear to be correctly assigned. They have the charac
teristic profile and long narrow slit. None of the illustrations show the 
shell and growth lines and comparisons are difficult. They and C. 

galeata differ from C. pygmaea in being much larger. 
Cymbularia aequalis and C. compressa have a more rounded profile, 

do not have the selenizone on a crest, and may be phaneromphalous, 
although the latter species is illustrated by a steinkern and one cannot 
be certain about all its features; umbilical features are difficult to 
determine when dealing with steinkerns. Cymbularia ang�tsta is illus
trated by a well arched steinkern, showing a short slit; the aperture 
does not seem to expand. Cymbularia nummulina and C. lenticularis 
are strongly compressed and clearly phaneromphalous. None of these 
species are, therefore, typical of the genus. Since I have not exa
ined them, however, I can only question their placemcnt without 
assigning them to other taxa. 

Occurrence: 4aa, Huk, Bygdøy, Oslo-Asker (the lectotype, P. M. 
O. no. 40739); Hjortnestangen, Oslo-Asker (P.M.O. nos. 20275, 
20276, 20277- six specimens). The t\yo original specimens are black, 
fine-grained limestone. Seven additional specimens are steinkerns. 

Koken also reported this species from 4ca, at �akholmen. The 
box of specimens from Hjortnestangen has a second label, giving this 
information. According to information in the :Museum catalogue, all 
specimens come from Hjortnestangen and the Nakholmen report must 
be considered as a lapsus. 
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One bellerophontacean, horizon unknown, also occurs at the King's 

Palace, Oslo (P.M.O. no. 3362). Another specimen occurs in the Ce

phalopod Shale, south from the railway station at Akersviken, Nes
Hamar (P.M.O. no. 36988). Both are juvenile steinkerns, and while 
they may be Cymbularia, better material is needed to confirm these 
occurrences. 

Cymbularia species 
Discussion: At least one other species of Cymbularia occurs in 

Norway. Two specimens are known which grow much larger than C. 

pygmaea before developing the mature flaring aperture. Both are so 
distorted it is not possible to compare them with any of the named 
species of the genus and it is not even possible to tell if the available 
specimens are conspecific. 

Occurrence: Uppermost 4ba, Nakholmen, Oslo-Asker (P.M.O. 

no. 5188); 4b, Beach section at Bratterud, Ringerike (P.M.O. no. 
7280) . The first specimen is in a dark gray limestone; the second is in 
a light gray limestone. Another poorly preserved specimen which 
might belong to this genus occurs in the Cyclocrinus beds, south of 
Røykenvik, Hadeland, but it is too poor to be identified even to genus 
with any certainty (P.M.O. no. 34375) . 

SUBORDER MACLURITINA Cox and Knight, 1960 
SUPERF AMIL Y EUOMPHALACEA de Koninck, 1881 

FAMILY HELICOTOMIDAE Wenz, 1938 
Genus Helicotoma Salter, 1859 

Helicotoma? norvegica (Koken, 1925) 

Plate 4, figures l, 2, 5, 7. 

1925 Straparollus norvegicus Koken, Mem. Acad. Sei. Russie, Cl. Phy. -Math., 
vol. 37, no. l, p. 130, pl. 16, figs. 4-4c. 

1925 Straparollus paullulus Koken, Mem. Acad. Sei. Russie, Cl. Phy. -Math., 

vol. 37, no. l, p. 131, pl. 16, figs. 6-6a. 

Description: Low spired gastropods; earliest whorls unknown; 
well rounded whorl profile known only from steinkern; very low spired 
with a widely phaneromphalous umbilicus on steinkern; growth lines 
on side steeply opisthocline for about the upper quarter of the outer 
whorl face, curving to steeply prosocline as they proceed downward. 
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Discussion: Koken described 5traparollus norvegicus on the basis 
of one steinkern lacking the early whorls (P.M.O. no. 20274). He then 
described 5. paullulus from two steinkerns smaller than 5. norvegicus 

but again showing no significant details. The specimen of 5. paullulus 

figured by Koken, is here designated lectotype (P.M.O. no. 36993); 
the unfigured specimen, paralectotype (P.M.O. no. 36993a) . Koken 
pointed out that 5. paullulus differed in being lower spired and rela
tively wider than the first species. Such a difference does exist among 
these steinkerns, but it is impossible to evaluate the significance of 
this difference and I have chosen to combine these two forms under a 
single heading as a matter of convenience. Each is so poorly known 
that they will remain nomina dubia; each form is illustrated to verify 
this point. I suggest that the specific names be restricted to the type 
lots and otherwise ignored except, of course, for purposes of homonymy 

The assignment of these forms to 5traparollus undoubtedly was 
based on the assumption that the rounded profile of the steinkern 
was a faithful replica of the true whorl profile. This assumption is 
certainly not true and many examples are known in the younger 
Paleozoic of distinctly shouldered euomphaloids having a well rounded 
steinkern. The species is tentatively placed in Helicotoma because the 
steinkerns could be those of that genus and because that genus is 
common in Ordovician beds in other parts of the world. 

In addition, a steinkern (P.M.O. no. 37115) , from the Cephalopod 
Shale at Hekshuselven Kapp, Toten, similar to that of 5. norvegicus, 
does show a fragment of the shell which is strongly suggestive of 
Helicotoma. Another steinkern (P.M.O. 4660) , from 4aa?, Lundebak
ker, Eiken, also has a shape suggestive of that genus. 

Occurrence: 4aa, Hovindsholm, Helgøya, Nes-Hamar (5. paullu

lus, P.M.O. nos. 36993, 36993a); 4a or 4b, King's Palace, Oslo, Oslo 
-Asker (holotype 5. norvegicus, P.M.O. no. 20274). All three stein
kerns are of black limestone, but there is no associated matrix. 

H elicotoma new species 

Plate 4, figures 4, 8, 10. 

Description: Low-spired gastropod with a sinus on upper angula
tion; shell extremely low spired; sutures distinct, not impressed; up per 
whorl profile concave downward and outward in early growth stages, 
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at maturity with a narrow inclined subsutural ramp, followed by a 
straight segment inclined outward, and then a concave segment ending 
at thickened raised angulated shoulder; below the upper angulation 
profile being concave for an extremely short distance, then inclined 
outward to periphery at midwhorl, curving in smoothly below the 
periphery; basal whorl surface flattened, almost horizontal; phaner
omphalous, details of the umbilicus unknown; growth lines in early 
growth stages prosocline from suture, sweeping back gradually, the 
amount of curvature increasing near the upper angulation, forming 
a distinct narrow and shallow sinus, the center of which is on this 
angulation, below which hending sharply opisthocline and then shortly 
becoming orthocline; at maturity there being relatively more curva
ture of growth lines above the angulation than below so that a pseudo
selenizone is formed at the periphery, and further differing from early 
growth stages in that on most of width of outer whorl face the growth 
lines are steeply prosocline, continuing prosocline on base and gradually 
turning to almost orthocline near umbilicus; ornamented by fine, 
closely spaced growth lines and with several irregular indentations in 
the shell. 

Discussion: The available material is not complete enough to give 
a formal name. The species is similar to H. immigrata Koken, a species 
known only from a Pleistocene drift boulder in Germany. It is possible 
that this taxon may eventually prove to be conspecific, but I do not 
propose to encourage the use of taxonomic names when nothing is 
known of their stratigraphic occurrence. It is lower spired than H. 
superba Koken and may be less rotund than Helicotoma lineata 
(Eichwald). 

Helicotoma new species is quite different from the form described 
as Helicotoma? new species. Not only is the mature whorl of this taxon 
distinctly angulated, but the narrow sinus is typical of the genus, 
whereas the growth lines of that form show no sinus. 

Occurence: 4b, Beach Section at Bratterud, Ringerike (P.M.O. 
no. 7355). This partially exfoliated specimen is in a medium light gray, 
coarsely crystalline matrix. Another distorted specimen occurs in the 
same collection but lacks all shell (P.M.O. no. 7355a). 
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H elicotoma? new species 

Plate 4, figures 3, 6, 9. 

Description: Extremely low-spired gastropods, developing a 
shoulder on earl y growth stages; shell with rapidly expanding, very 
low whorls, so that little of the earl y whorls can be seen in profile; 
sutures distinct, tending toward chanelled at maturity; whorl pro file 
of early growth stages having the upper surface flattened and inclined 
gently upward to a prominent shoulder and a nearly vertical outer 
whorl face; the upper whorl surface at maturity more strongly in
clined to a relatively strong angulation rather than a true shoulder; 
outer whorl face arched but pro ba bly not following the are of a circle: 
periphery at mid-whorl; below periphery the outer face curving in
ward to a prominent circumbilical cord, this last part of the profile 
concave in earl y stages but flattened in the more mature stages; widely 
phaneromphalous with a distinct cord directly below the nearly vertical 
walls of the umbilicus; growth lines orthocline on upper surface from 
suture, except in most mature stages where the lines are opisthocline 
near the su ture, prosocline on outer whorl face, generally inclined about 
twenty degrees from vertical but slightly steeper on the uppermost 
part of the outer surface, continuing prosocline across base and tur

ning to vertical within umbilicus after crossing circumbilical cord; 
ornamented by closely spaced, moderately fine growth lines and sever
al, extremely faint spiral lirae on outer whorl face and near the suture, 
the number and spacing of these lirae not known. 

Discussion: As noted above, both Straparollus norvegicus Koken 
and 5. paullulus Koken are so insecurely founded that their continued 
use does not seem to me to be warranted. The species described above 
might equally well be assigned either specific name. I am strongly 
opposed to the practice of identifying well preserved specimens with 
type specimens as unsatisfactory as these and, therefore, prefer to 
assign the specimen in hand to another species. The rounded body 
whorl and the cord in the umbilicus seem to be distinctive features 
distinguishing this from all other species which Koken assigned to 
Helicotoma and its subjective synonym Palaeomphalus. These features 
are not typical of the genus. 

The material is probably not sufficient to name a new species, as 
it is quite possible that the single available specimen is immature. 
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The formal assignment of a specific name to this taxon should await 
the finding a more suitable type specimen. Hovindsholm, Helgøya 
is one of the few Middle Ordovician where there is a strong likelihood 
of comparatively large numbers of gastropods being collected in the 
fu ture. 

Occurrence: Cephalopod Shale, Hovindsholm, Helgøya, Nes
Hamar (P.M.O. no. 72798). The mold is in a black fine-grained lime
stone concretion. 

F AMIL Y EUOMPHALIDAE de Koninck, 1881 

Genus Lytospira Koken, 1896 

Lytospira norvegica Koken, 1925 

Plate 4, figures 11-14, 16, Plate 5, figure 7. 

1925 Lytospira norvegica Koken, Mem. Acad. Sei. Russie, CL Phy.-Math., 

vol. 37, no. l, pp. 116-117, pl. 16, figs. 9-11. 

Description: Large, openly coiled gastropods lacking a sharp 
carina; earliest whorls unknown, but possibly containing a few septa; 
septa unknown in mature stages; whorls widely open coiled, slightly 
orthostrophic, rarely completing more than one-half whorl; whorl 
profile well rounded on upper, inner and basal surfaces, tapering to 
a blunt angulation on the lower part of the outer whorl face, but 
with increasing maturity, tending toward a more ovoid pro file; growth 
lines forming an extremely wide but shallow sinus on the upper whorl 

surface, from this proceeding strongly opisthocline down both inner 
and outer whorl surface and continuing essentially s raight across 
the basal whorl surface; growth lines on lower part of outer whorl 
surface interrupted at irregular intervals by small pieces of foreign 
matter cemented to the shell. 

Discussion: By virtue of its extremely open coiling, this is the 
most distinctive of all Lytospira species known from Scandinavia, a 
point noted by Koken. Small immature fragments of this species may 
at first be mistaken for genal spines of trilobites but are readily dis
tinguished by the slight twisting of the coil with increasing size. Over 
three dozen specimens are known; even though most of these are 
steinkerns, they show so little variation in whorl profile that there is 
no question that only one species is present. 
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The original of pl. 16, fig. 9 of Koken (1925) from 4aa in Oslo, 
is here designated as lectotype (P.M.O. no. 20263). Because there is 
no clear indication what specimens, of those presently in the collec
tions, were available to Koken, the designation paralectotype is 
restricted to the originals of figs. 9a, 10, 11 (P.lVI.O. nos. 40425, 40424, 
37013). 

Few specimens preserve the early growth stages and it has not 
been possible to investigate the distribution of septa. Only one spe
eimen shows a septum; the width of the shell at the point of its occur
rence is 2.3 mm. 

On the few specimens which retain a shell and on the well preserved 
steinkerns, it is possible to recognize irregularities caused by particles 
present on the shell surface. These particles are deeply imbedded, 
which would suggest that they were intentionally incorporated into 
the shell and are not simply fortuitous accumulations. Cemented 
foreign particles are known in the shell of other species of Lytospira. 

and this may very well be a characteristic feature of the genus. Al
though the open coiling would suggest a sedentary life habit for this 
species, the particulate matter in the shell would equally well suggest 
a more active mode of life, as this peculiar habit of attaching particles 
is characteristic of Xenophora, one of the more active Recent gastro

pods known. 
Occurrence: 4aa, south of Skiaker, Gran, Hadeland; Lunner, 

Hadeland; Huk, Bygdøy, Oslo�Asker; Blasenborg, Oslo�Asker; 
4aa?, Bygdøy, Oslo� Asker; Hjortnestangen, Oslo� Asker; Mel bo
stad, Hadeland; Lund, Eiker; 4a or 4b, King's Palace, Oslo, Oslo� 
Asker; Cephalopod Shale, Hovindsholm, Helgøya, Nes�Hamar; 4, 
Nakholmen, Oslo�Asker. 

With the exception of one specimen in a weathered block of limo
nite, all specimens occur in dense, extremely fine-grained black lime
stone, lithologically identical to that of the concretions in 4aa. Koken 
reported this species from both 4a and 4b, but all specimens which 
are accompanied by detailed stratigraphic data are from 4aa. The 
possible occurrence of this species in younger beds is based entirely 
on older collections, so there is real question as to whether Lytospira 

norvegica does in fact range higher in the section. At Hovindsholm, 
Helgøya, rare specimens of this species were found only in the lower 
part of the Cephalopod Shale. 
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The species has been tentatively identified in C1b in Estonia 
(Kaljo and others, p. 34); I have not examined the material on which 
this occurrence is based. 

Lytospira species 

Plate 5, figure 3. 

Discussion: One other specimen referable to this genus is known 
stratigraphically far above the occurrence of Lytospira norvegica. This 
specimen differs in being less open coiled, completing nearly half a 
whorl in about 33 mm. It is less strongly coiled than Lytospira anguina 

described by Koken from C3, Idavere (Itfer) , Estonia and L. valida, 

described from F1• It lacks the prominent indentations of foreign 
particles and the sharp upper carina of L. serpula, known only from 
Pleistocene Drift boulders. Probably, this represents a new species, 
but it is too poorly preserved to formally describe or name. 

Occurrence: 4M, two meters below top of Up per Chasmops lime
stone, Terneholmen, Oslo-Asker (P.M.O. 5611). The specimen occurs 
in a light gray, moderately fine-grained limestone. 

Genus Ecculiomphalus Portlock, 1843 

Ecculiomphalus cf. E. princeps (Remelt�) , 1888 

Plate 5, figures 9-11. 

1888 Eccyliopterus princeps Remele, Zeit. Deutsch. Geol. Gesell. Bd. 40, Heft 

4, pp. 668-669, pl. 28, figs. 2a-2c. 
1925 Eccyliopterus princeps Remele, Koken, Mem. Acad. Sei. Russie, CL Phy. 

-Math., vol. 37, no. l, pp. 102-103, pl. 10, figs. l, 3, 10; pl. 12, fig. 4; 
pl. 13, fig. 10. 

1925 Eccyliopterus princeps Rem. var. robusta Koken, Mem. Acad. Sei. Russie, 
CL Phy.-Math., vol. 37, no. l, pp. 104-105, fig. 24. 

?1955 Eccyliomphalus princeps Remele, Vostokova, Vosprosy Paleontologii, 

vol. 2, p. 96, pl. 4, figs. 3, 4. 

Description: Large, openly coiled gastropods developing a promi
nent frill at a strong angle to the outer whorl face; earliest whorls 
unknown but seemingly expanding at a uniform rate, coiling essen

tially in one plane; profile of inner whorl face gently arched from lower 
edge to peripheral crest in early growth stages , gradually changing 
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with maturity so that lower part of inner whorl is strongly inclined 
upward for about one-fourth of the total width, then hending more or 
less abruptly, but without development of a true angulation, and 
continuing less abruptly upward to near the periphery where it then 
turns strongly upward to form the narrow peripheral crest upon which 
the frill is developed; frill thin, not known in detail, inclined upward 
and outward at an angle near thirty degrees from vertical so that it 
is at an angle to the body of the whorl, the width of the frill being 
nearly that of the true whorl; pro file of outer whorl face below frill 
smoothly curved inward and downward, the curvature seemingly 
following the are of a circle to a bluntly rounded basal angulation, 
from which the basal whorl surface curves inward and upward to 
join the inner whorl surface at a much stronger angulation, this angula
tion when projected outward falling near the midpoint of the outer 
whorl surface; growth lines on inn er whorl parasigmoidal, proceeding 
forward and upward for about one-fifth their length, then curving 
back for an equal distance, not known from here to edge of crest, but 
possibly straight, at crest hending strongly backward and then ben
ding again to straight, steeply opisthocline on frill, presumably fol
lowing an identical course on the exterior of the frill; the growth lines 
on the outer whorl face steeply prosocline for about one-fifth their 

length, curving abruptly but smoothly to orthocline and proceeding 
straight to base; growth lines unknown on base; ornamented only by 
closely and uniformly spaced, prominent growth lines. 

Discussion: Several of the Norwegian specimens are quite incom
plete, but they do supplement the hetter specimens and there is no 
reason to suggest that more than one species is present. Estonian 
specimens of the genus, which are available for comparison, are poorly 
preserved and specific comparisons must be based on Koken's illu
strations, which in most cases are generalized. The apparent differences 
recognized among the various species in some cases are exceedingly 
slight and it is not unlikely that several of the names will eventually 
be placed in synonymy. 

Probably the most reliable character to use in differentiating 
species of this genus is the rate of expansion of the open coil. Ecculi
omphalus centrifuges (Koken) expands more rapidly and has a more 
elongate cross-section than this species. Ecculiomphalus elegans 

(Koken) andE. regularis (Remele) are similar to this species but appear 
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to expand slightly more rapidly. On the other hand, this species is more 
openly coiled than E. brevicollaris (Koken) and E. replicatus (Lind
stram).  Ecculiomphalus alatus (Remele) is clearly distinguished by its 
pronounced trochiod coil, although incomplete specimens cannot 
be distinguished from this species. Ecculiomphalus tenuissimus (Koken) 
is so poorly known, that it cannot be compared. The only difference 
that I have been able to observe between the typical form of the 
species and Koken's variety robusta is that the latter has the inner 
whorl face slightly more inclined from vertical. This difference does 
not appear to be significant and I have placed the varietal name in 
synonymy. In contrast, Koken's variety brevicollaris is so distinct 
as to clearly represent another species. 

The tentative identification reflects not only the incompleteness 
of the specimens, but the utter confusion in nomenclature introduced 
by Koken. For no apparent reason, he placed two earlier named spe
eies, Eccyliomphalus septiferus Schmidt, 1858, and Euomphalus in

crescens Eichwald, 1860, into the synonymy of Remele's later name. 
His 1897 identification of E. incresens (Eichwald) is cited in the 1925 
synonymy of E. princeps (Remele) but the lack of any illustration in 
the earlier work makes it impossible to follow whatever reasons there 
may have been for this synonymy. Until a careful restudy is made of 
Koken's specimens and representatives of the other named species 
of Ecwliomphalus the correct name of this and most other species 
of the genus must remain in question. This total disregard for any 
rule of priority is characteristic throughout Koken's work, but cer
tainly some of the most flagrant examples of this practice are found in 
his descriptions of Eccyliopterus. 

Occurrence: 4b, west side of Røysetangen, Ringerike (P.M.O. nos. 
7210, 7211, 7239); Bratterud, Ringerike (P.M. O. no. 20613); Coelo
sphaeridium beds, Furuberget, Nes-Hamar (P.M.O. no. 21962). The 
five specimens on which the description is based all occur in fine
grained, light gra y limestone; several are associated with numerous 
isolated crinoid ossicles. 

Several of Koken's mutations of Ecculz"omphalus princeps are re
ported from the Middle Ordovician of Estonia (Kaljo and others, 
1956, pp. 32-33). I have no reason to question this occurrence, but 
the few specimens of this genus from Estonia that I have examined 
are all specifically indeterminate. 
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Ecculiomphalus? species 

Plate 5, figure 8. 

Discussion: This tentative identification is based on a single 
steinkem. It is essentially coiled in one plane and has a subtriangular 
cross-section. The outer surface of the whorl inward and upward to a 
sharp carina, while the inner surface is rounded. Although no trace of 
a frill is preserved, the features are typically those of Ecculiomphalus 

rather than Lytospira. It differs from the Norwegian specimens of E. 

princeps (Remele) in being more openly coiled, but it is so poorly 
preserved that further identification is not feasible. 

Occurrence: 4aa, Muggerudkleiva, Heistad, south of Kongsberg, 
Eiker (P.M.O. no. 60432). The steinkem is in a dark bluish gray, 
calcareous shale associated with large pygidia of Ogygiocaris dilatata. 

Genus Lesueurilla Koken, 1898 

Lesueurilla dilata (Koken) , 1925 

Discussion: Koken (1925, p. 91) describes this species from several 
localities in Estonia, all in unit B3• He also reports one specimen with 
an uncertain label from Christiania. He notes that a later label suggests 
unit Sa at Skien, but that he thinks it more likely that the specimen 

comes from unit 4a. 
I have examined the specimen and concur with both the identifi

cation and the remarks about stratigraphic placement. This species 
has never been reported from strata as young as the equivalents of 
unit Sa. There is no further information about the locality and no 
additional specimens have been collected. While it is likely that this 
species occurs in Norway in the lower part of unit 4 or even slightly 
lower, the occurrence must be confirmed by additional collecting. 
Under the circumstances of such uncertainty, there seems to be little 
reason to figure or describe this specimen. 
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SUBORDER PLEUROTOMARIINA Cox and Knight, 1960 

SUPE RF AMIL Y PLEUROTOMARIACEA Swainson, 1840 

F AMIL Y RAPHISTOMA TIDAE Koken, 1896 

SUBFAMILY OPHILETINAE Knight, 1956 

Genur Pararaphistoma Vostokova, 1955 

SubgenusPararaphistoma (Pararaphistoma) Vostokova, 1955 

Pararaphistoma (Pararaphistoma) schmidti (Koken, 1889) 

Plate 5, figures 1-2, 4-6, 12-13. 
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1889 Raphistoma Schmidti Koken, Neues Jahr. f. Mineralogie, Bd. 6, p. 319, 

pl. 11, fig. 8. 

1896 Raphistoma Schmidti Koken, Die Leitfossilien, p. 396. 

1897 Raphistoma Schmidti Koken, Bull. Aead. Imp. Sei., St. Petersbourg, 

vol. 7, no. 2, p. 166. 

?1897 Raphistoma mutans Koken, Bull. Aead. Imp. Sei., St. Petersbourg, vol. 

7, no. 2, pp. 166-167, fig. 23. 

1925 Raphistoma Schmidti Koken, Mem. Aead. Sei. Russie, Cl. Phy.-Math., 

vol. 37, no. l, pp. 77-78, pl. 7, figs. l, 12, 13. 
?1925 Raphistoma mutans Koken, Mem. Aead. Sei. Russie, Cl. Phy.-Math., 

vol. 37, no. l, p. 85, pl. 12, fig. 9. 

1955 Pararaphistoma (Pararaphistoma) schmidti (Koken), Vostokova, Vosprosy 

Paleontologii, vol. 2, p. 83. 

Description: Widely phaneromphalous, rotelliform gastropods 
having the early growth stages depressed below the nearly horizontal, 
mature upper whorl surface; early whorls slightly depressed below 
body whorl; upper whorl surface of mature whorl nearly horizontal, 
with a slight upward convexity near the central of the upper surface 
and with the selenizone projecting upward as an incipient flange; 
outer whorl face inclined strongly inward and well rounded to its 
juncture with the sharp circumbilical ridge; widely phaneromphalous, 
the umbilical walls steep, straight and nearly vertical; sutures chan
neled in early growth stages, becoming flush to slightly raised with 
increasing maturity; growth lines sweeping prosocline from su ture 
almost to periphery where they are interrupted by a narrow, slightly 
raised, concave selenizone, the outer edge of the selenizone forming the 
periphery; below the periphcry the growth lines bcing gently opistho

cline but swinging to nearly orthocline on the lower half of the whorl, 
crossing the base of the whorl and continuing orthocline into the 

umbilicus. 
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Discussion: Although well preserved specimens showing the earl y 
stages are seldom preserved, the steinkerns duplicate the pronounced 
change in ontogeny quite well. In the early growth stages the upper 
surface of the steinkern has a strongly inclined profile and a sharp 
peripheral crest. In the more mature stages, the upper face is less 
strongly inclined upward and shows a faint peripheral trough at the 
position of the selenizone. 

Through the kindness of Dr. H. Jaeger, Geologisch-PaHiontolo
gisches Institut der Humboldt UniversiHit, Berlin, Germany, I have 
been able to examine the original specimens described by Koken. 
These specimens are illustrated on pl. 5 figs. l, 4, 12, 13. The larger 
has a width of 29 mm and a height of more than 11 mm; the smaller 
has a width of 21.5 mm and height of 8.5 mm. The smaller specimen 
preserves patches of shell on the upper surface and shows a spiral 
lira on the mature whorl, a feature not observed on most other spe
eimens. This lira is not considered to be significant. Both specimens 
appear to be conspecific, but to avoid the slightest chance of any 
future confusion, the smaller of the two is designated as lectotype 
and the larger as lectoparatype. Yochelson (1962) has indicated that 
this genus should be referred to the Subfamily Ophiletinae rather than 
Raphistomatinae. Vostokova (1955), p. 83, has recently divided 

Pararaphistoma in to the typical subgenus and P. (Climacoraphistoma), 
the latter being applied to those species with a step-like profile. This 
is certainly a convenient feature for dividing the species of Pararaphi
stoma and it seems logical to apply this subgeneric concept; the sub
genus has been placed in synonymy elsewhere (Knight and others, 
1960, p. I 201). Among the species assigned to the typical subgenus, 
P. (Pararaphistoma) suturale (Koken) , P. (P.) numismale (Koken) and 
P. (P.) q1Æalteriatum (Schlotheim) are distinguished by a sloping upper 
whorl surface so the whorl profile more closely approaches lenticular. 

I can see no significant differences between this species and 
Raphistoma mutans Koken, but in the absence of authentic specimens 
for comparison, the suggested synonymy can be only tentative. 

Occurrence: 4aa, Gullerud, Ringerike, Huk, Bygdøy, Oslo-Asker; 
Lindholmen, Ild jernet, Oslo-Asker; Hovindsholm, Helgøya, Nes
Hamar; Ro ad J unction Rekstadveien-Haugchausseen, Gran, Hade
land; 4aa?, Mel bustad, Hadeland; Lunner, Gran, Hadeland; Gran, 
Hadeland; 4a/J, large railroad cut, south of Gran station, Hadeland; 
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4a or 4b, Bygdøy, Oslo-Asker; Blåsenborg, Oslo-Asker; King's 
Palace, Oslo, Oslo-Asker; Kråkeholmen at Ostøya, Oslo-Asker; 
4ba, Nakholmen, Oslo-Asker; Håkavik, Oslo-Asker; Drammens
veien at Slependen, Oslo-Asker; Oscarshall, Bygdøy, Oslo-Asker; 
4ba or 4by, below the road at Barneheia, Drammensveien, Oslo
Asker; 4b{J, Juern, below Fruk, Ringerike. 

This is one of the most common species with nearly eighty speci
mens being available for study. There is a suggestion that the species 
might be slightly more common in 4aa than in the other horizons, 
but the difference in numbers may not be significant. 

Condition of specimens varies from excellent to poor; poor material 
from the same locality as specifically identifiable material has not been 
listed separately. Most specimens which have matrix attached are 
from a fine-grained, very dark limestone, which in many cases is 
slightly lighter colored than the matrix associated with Lytospira 

norvegica; a few specimens are in a light gra y limestone. 
One specimen of Pararaphistoma occurs in 4b(J, about two meters 

below the top of the Chasmops series at Terneholmen, Asker (P.M.O. 
no. 5612), but is too poorly preserved to be identified as to species. 
Another specimen, possibly belonging to this species, has been iden
tified in a collection from Flatla, Hadeland (P.M.O. no. 35112). The 
beds here are classed as 4c, although they may be slightly older (Stør
mer, 1945, p. 386). Two specimens (P.M.O. nos.11006, 11008), however, 
have been definitely identified in a collection from Langesund, repor
ted to be from the Tretaspis Shale. Thus, there is some evidence that 

this species may range into the early Late Ordovician. 
Pararaphistoma (Pararaphistoma) schmidti is reported by Kaljo 

and others (1956, p. 35) from Late Middle Ordovician, D1p, in Estonia. 
I have identified a specimen of this species from Osmussaar (Odens
holm), Estonia (R.M. no. Mo. 70642). 

Pararaphistoma (Pararaphistoma) bipatellare (Koken, 1925) 

Plate 6, figures 1-9. 

1925 Raphistoma bipatellare Koken, Mem. Acad. Sei. Russie, Cl. Phy.-M1th., 

vol. 37, no. l, pl. 87, pl. 16, fig. 13, 14. 

Description: Moderately thick, widely phaneromphalous gastro
pods with early growth stages strongly depressed below the mature 



188 ELLIS L. YOCHELSON 

periphery; upper whorl surface inclined upward to a sharp periphery, 
strongly inclined from vertical and arched in early growth stages, 
flattened and less strongly inclined at maturity; periphery flange-like, 
extending outward and slightly upward for a short distance from true 
outer whorl face; outer whorl face in juvenile stage inclined strongly 
inward with essentially no curvatures except near base where it bends 
inward slightly, the degree of inclination increasing with age so that 
it approaches vertical at maturiry; coordinate with this change in 
the outer whorl face, the juncture with the umbilical area becomes 
increasingly well rounded; base with a sharp circumbilical ridge; 
widely phaneromphalous, the umbilical walls straight; su ture smooth 
in earl y growth stage, unknown in later stages; growth lines on upper 
surface sweeping back smoothly but strongly for approximately 
five-sixths of the total distance of the upper whorl surface, there 
interrupted by a faint, low spiral ridge, continuing strongly prosocline 
to periphery, this last part forming a distinct "V", the base of which 
is at the periphery, below periphery the growth lines diverging strongly 
opisthocline on the lower part of the "V", but after a short distance 
there then being a faint zone of interruption marked by a faint lira, 
the growth lines below this steeply prosocline to another spiral lira, 
the net result being to form a narrow, acutely angular selenizone 

within another slightly wider bordered area also having V-shaped 
growth lines; below the lower lira the opisthocline growth lines 
smoothly hending forward so that they are orthocline on the lower half 
of the outer whorl surface, straight crossing the peripheral carina, 
but with a wide, shallow sinus on the umbilical slopes; ornament 
lacking except for fine, closely spaced growth lines. 

Discussion: This species serves as an excellent example of the 
numerous small inaccuracies which abound in Koken's 1925 paper. 
The text lists figs. 13 and 14 as illustrations of the species; these both 
appear to be illustrations of steinkerns. The plate description, how
ever, also lists figs. 15 and 15a as illustrations of this species. These last 
figures may have been drawn from an excellent juvenile specimen from 
Kojatangen, but if this is the case, the locality given in the plate de
scriptions is incorrect. To avoid any further confusion, the original 
of fig. 14 is designated as lectotype (P.M.O. no. 6060); the original of 
figs. 13 and 13a and the remaining specimens from Kråkeholmen are 
designated as paralectotypes (P.M.O. nos. 6054, 6056, 6058, 6059). 
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The Kojatangen specimen is considered only a plesiotype (P.M.O. 
no. 20308). 

Koken's figured type specimens are both steinkerns, showing no 
shell details. Fortunately, the specimen from Kojatangen has the 
growth lines of the early stages remarkably well preserved. The slight 
interruption of growth lines gives an appearance of a selenizone within 
a selenizone. However, it seems unlikely that this sort of development 
is significantly different from a simple V-shaped apertural notch. 
Indeed, one has the impression that the slit in contrast to the "V" 
sinus is not very deep, although it is not possible to follow any single 
growth line across the selenizone. The entire peripheral area extends 
outward as a short flange-like area. 

Pararaphistoma (Pararaphistoma) bipatellare is most similar to P. 

(P. ) schmidti (Koken). That species, hovvever, expands at a slower rate 
and has the early whorls less strongly depressed. Mature specimens 
of both species are readily distinguished by the nearly vertical outer 
whorl face in this species compared with the inclined outer whorl 
face of P. (P. ) schmidti. 

Vostokova (1955, p. 92) apparently intended to assign this species 
to Lesueurilla but her synonymy does not list Koken's original generic 
name or the correct page. Her specimens possibly may be true Lesueu

rilla and not congeneric with this species. The mature stage of P. 

(P.) bipatellare does closely resemble juvenile specimens of Lesueurilla 

or Ecculiomphalus, particularly E. declivis (Remele). The absence of 
septa would clearly distinguish between the two taxa. There are not 

enough specimens of P. (P.) bipatellare available in order to section 
one and resolve this point. 

Koken reported two species of Raphistoma from the Upper Ordo
vician of Norway. The first, Raphistoma wesenbergense Koken, in ad
dition to its occurrence in Estonia, is questionably reported from 4c 
from an unknown locality. The specimen is supposed to be in the 
museum at Oslo, identified as Euomphalus trigonalis?. The few sped
mens that bear this la bel are all referable to P. (P.) schmidti; none 
of these come from unit 4c. Two specimens labeled R. wesenbergense 

in what may be Koken's writing (P.M.O. nos. 3441, 3442), bear an 
earlier identification of Euomphalus (aequilaterus?) but are from an 

unknown locality. These specimens show some similarity to Parara

phistoma (P.) qualteriatum (Schlotheim), (sec Yochelson, 1962), and 
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may be from 4a or below rather than from 4c. None of the other gastro
pods from 4c can be referred to this species and it seems best to disregard 
this extension of range for P. (P.) wesenbergense unless Koken's report 
can be confirmed by subsequent collecting. 

The second species, Raphistoma suturale Koken, is reported from 
4c, Tretaspis Shale, at Brevik, Norway. No additional specimens of 
this species have been identified. In the Riksmuseet, there are two 
specimens of this species; one is certainly from unit 5 and the other 
may be from this unit. I am, therefore, disposed to consider this form 
to be from a horizon different from that given by Koken. In any case, 
the low, conical upper whorl is distinct from either P. (P. ) schmidti 

or P. (P.) bipatellare. 

Occurrence: 4a{J, Kojatangen, Oslo-Asker (P.M.O. no. 20308); 
4b, Kråkeholmen, Oslo-Asker (lectotype P.M.O. no. 6060, paralecto
types, P.M.O. nos. 6058, 6054, 6056, 6059). Five steinkerns from Kråke
holmen are composed of a dark gray, moderately fine-grained lime
stone. The specimen from Kojatangen is preserved in black, extremely 
fine-grained limestone. 

SUBFAMILY LIOSPIRINAE Knight, 1956 
Genus Liospira Ulrich and Scofield, 1897 

Liospira species 

Plate 7, figures 4-5. 

Discussion: This identification is based on two steinkerns. The 
specimens are extremely low spired, apparently with a smooth suture. 
They have a lenticular cross-section. The periphery is relatively thick 
and moderately well rounded on the steinkerns. A small patch of 
shell left on the base of one specimen shows that there is a shallow 
columellar depression or pseudoumbilicus. 

The absence of a phaneromphalous umbilicus removes this taxon 
from Pararaphistoma. In general shape it resembles Raphistoma 

numismale Koken, described from slightly younger beds in Estonia. 
There is no information about the umbilical features of that species; 
it is not possible to determine if it should be transferred to this genus. 

Occurrence: Cyclocrinus beds, beach at Nes opposite Furuberget, 
Nes-Hamar, (P.M.O. no. 38987); Furuberget, Nes-Hamar (P.M.O. 
no. 37951). The specimens occur in a light gray, coarsely crystalline, 
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bioclastic limestone. Another steinkern, very probably this genus, 
has been collected from 4ca, on the island of Nakholmen, Oslo-Asker 
(P.M.O. no. 8869). This specimen is partially pyritized and there is no 
associated matrix. 

SUBFAMILY O MOSPIRINAE Wenz, 1938 
Genus Omospira Ulrich and Scofield, 1897 

Omospira? holtedahli Yochelson, new species 

Plate 7, figures 2-3. 

Description: High-spired pleutomariaceans with a wide, convex 
peripheral selenizone; nucleus unknown; apical angle near penultimate 
whorl just below the lower spiral ridge on outer whorl face; sutures 
distinct, faintly incised; whorl profile below suture proceeding down
ward and outward following a curve concave outward to a spiral 
ridge, below which continuing with the same curvature but somwhat 
steeper than the inclination of the first segment, the curve abruptly 
flattening just before the periphery; periphery wide, relatively thick 
and well rounded; immediately below the periphery, the whorl profile 
is concave for a short distance but for much of the distance is essenti
ally straight, inclined inward to a lower spiral ridge, crossing this ridge 
and continuing inward and downward to the base of the columella, 
but not following the are of a circle; growth lines prosocline, forming 
an angle of about sixty degrees with suture and proceeding straight 
across upper whorl surface, curving back just before reaching the 

peripheral selenozine, below the selenizone curving opisthocline for 
an even shorter distance, then proceeding steeply opisthocline straight 
down outer whorl face; selenizone wide, filling the entire periphery, 
distinctly raised above the general whorl surface, gently convex; 
lunulae distinct, well curved and closely spaced; ornamented by two 
prominent spiral ridges, one about mid-way between suture and peri
phery, and the second about mid-way between periphery and base, 
and by closely spaced growth lines which at irregular intervals are 
slightly rugose; shell structure unknown. 

Discussion: This description is based on a single, juvenile speci
men. In contrast to several of the other Norwegian taxa known from 
a single specimen, it is remarkably well preserved. I have, therefore, 

assigned a formal name even though some details are not fully known . 
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Generic assignment posed a problem. Omospira is characterized 
by a short slit. There is no information regarding the length of the slit 
in this form. The type species of the genus, O. laticincta Ulrich, has 
a wide selenizone, but it is above the periphery and is much higher 
on the whorl. These differences may only be of specific rank but it 
seems hetter to question the generic placement. Omospira is a compara
tively rare genus and its species are not well known. So far as I can 
determine, this is the first use of the genus for any Scandinavian 
pleurotomariaceans. 

The high spire and especially the wide selenizone distinguish this 
species from all the "W orthenia" species of Koken. 

Occurrence: Cyclocrinus beds?, Furu berget, Nes-Hamar (hola

type, P.M.O. 38232). The specimen is in a light gray, bioclasttc lime
stone. 

FAMILY EOTO MARIIDAE Wenz, 1938 
SUBFAMILY EOTOMARIINAE Wenz, 1938 
TRIBE PTYCHOMPHALIDES Wenz, 1938 

Genus M ourlonia De Koninck, 1883 
M ourlonia mjoesa Y ochelson, new species 

P la te 7, figur es 11 -13. 

Description: Moderately high-spired pleurotomariaceans with a 
strongly bordercd, concave selenizone; shell moderately high-spired, 
apical angle near fifty degrees; sutures distinct, the body whorl em
bracing the penultimate whorl at or just below the periphery; whorl 
profile nearly vertical just at suture, then inclined outward and down
ward very gently arched to lira bordering upper edge of selenizone; 
selenizone relatively wide, strongly bordered and concave, slightly 
sunk below the general surface of the whorl, the lower bordering 
lira forming the periphery; below the periphery the pro file curving 
inward and then rather abruptly flattening near the columella without 
developing an y basal angulation; anomphalous; columellar lip straight 
for most of its length and reflexed with a narrow inductura covering 
the base of the columella; growth lines orthoxline at the suture, then 
prosocline on upper whorl surface, sweeping back smoothly and gra
dually so that they form about a forty-five degree angle with the 
selenizone, unknown crossing the selenizine, sweeping opisthocline 
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below selenizone, gradually steepening and turning to othocline near 
the columella; ornament ed by two prominent lirae bordering the 

selenizone and by faint, closely spaced growth lines. 
Discussion: The description is based on four sharp, external mol ds. 

These show a slight variation in the emplacement of the body whorl 
and some slight variation in the inclination of the selenizone. On one 
specimen, the upper and lower lirae are nearly over each other, but on 
others, the upper one is inward so that the selenizone is strongly 
inclined rather than nearly vertical. These differences are considered 
to be due only to individual variation. 

The types are from the Cephalopod Shale at Hovindsholm, Helg
øya. The holotype and one paratype are from the same concretion as 
the specimen of Trilacinoceras discors (Holm), figured by Sweet, 1957, 
and are under the same catalogue number. They are designated 
P.M.O. nos. 31194a and 31194b. The other paratypes (P.M.O. 72802, 
72803) are from two broken concretions collected in 1961. 

M ourlonia mjoesa differs from all the species which Koken referred 
to Worthenia and Teichert (1932) later transferred to Lophospira 

and Schizolopha in having a more or less globular shape with a seleni
zone near the periphery, rather than an angular profile with the seleni
zone at the angulation. It differs from Clathrospira elliptica (Hisinger) 
and Clathrospira species in being smaller, higher spired and having 
a more rounded base. It is much lower spired than Omospira? holte

dahli n. sp. and has a concave rather than a convex selenizone. 
In assigning this species ot M ourlonia, I am using it in the broad 

sense. Eventually, it may be possible to distinguish the later Paleozoic 
Mourlonia from those forms in Ordovician which have a concave 
selenizone. This will require careful restudy of the numerous subjec
tive synonymies of this taxon and is not within the limits of this 
work. 

Occurrence: Cephalopod Shale, Hovindsholm, Helgøya, Nes
Hamar (P.M.O. nos. 31194a, 31194b, 72802, 72803). Four specimens 
occur in black, fine-grained limestone concretions. 

There are many other steinkerns from this unit at this section and 
others from the Cephalopod Shale in the Hadeland district, which 
possibly are Mourlonia but none preserve enough to be identified to 
either species or genus. Indeterminate steinkerns, which again might 
belong to this taxon, also occur at Huk, Bygdøy, Oslo-Asker. 
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TRIBE EOTOMARIIDES Wenz, 1938 
Genus Clathrospira Ulrich and Scofield, 1897 

Clathrospira elliptica (Hisinger, 1829) 

Plate 6, figures 11-17. 

1884 Pleurotomaria elliptica Hisinger. Lindstri:im, Kungl. Svenska Veten

skaps-Akademiens Handlingar, Band 19, No. 6, pp. 104-106, pl. 8, figs. 

10-14. (A eomplete earlier synonymy is given in this paper). 
1889 Pleurotomaria elliptica Hisinger, Koken, Neues Jahr. f. Mineralogie, 

Bd. 6, p. 322, pl. 10, figs. 6, 6a. 

1889 Pleurotomaria hyperboraea Koken, Neues Jahr. f. Mineralogie, Bd. 6, 

p. 322, pl. 10, figs. 8, Sa. 
1896 Pleurotomaria elliptica Hisinger, Koken, Die Leitfossilien, p. 394. 

1897 Pleurotomaria elliptica Hisinger, Koken, Bull. Aead. Imp. Sei., St. 

Petersbourg, vol. 7, no. 2, p. 152, fig. 14. 

1897 Pleurotomaria hyperboraea Koken, Koken, Bull. Aead. Imp. Sei., St. 

Petersbourg, vol. 7, no. 2, p. 56. 

1925 Clathrospira elliptica Hisinger, Koken, Mem. Aead. Sei. Russie, Cl. 

Phy.-Math., vol. 37, no. l, pp. 146-147, pl. 29, figs. l, 5-9, 13. 
1925 Clathrospira hyperboraea Koken, Koken, Mem. Aead. Sei. Russie, Cl. 

-Math., vol. 37, no. l, pp. 147-148, pl. 29, figs. 17-18. 

1925 Clathrospira hyperboraea var. Koken, Mem. Aead. Sei. Russie, Cl. Phy. 

-Math., vol. 37, no. l, p. 148. 

1925 Clathrospira ogygia Koken, Mem. Avad. Sei. Russie, Cl. Phy.-Math., 
vol. 37, no. l, p. 148, pl. 31, figs. 13-14. 

?1955 Clathrospira? elliptica Hisinger, Vostokova, Vosprosy Paleontologii, 
vol. 2, p. 115, pl. 7, fig. 8. 

Description: Moderately high-spired, trochiform gastropods with 
peripheral selenizone bearing a spiral lira except at maturity; su ture 
smooth, the body whorl produced downward from the periphery of 
the preceeding whorl below the center of the selenizone; moderately 
high-spired with the apical angle near seventy-three degrees; earliest 
whorls unknown, but all known growth stages with uniform growth; 
upper whorl surface very gently arched, the point of curvature being 
halfway between su ture and up per edge of selenizone; selenizone 
flattened, inclined outward and strongly downward, the lower edge 
of the selenizone forming the sharp periphery; in earl y growth stages, 
lower whorl surface inclined strongly inward and flattened for most of 
its width, being arched near the columella but in more mature stages 
being a little more inflated; anomphalous, but with a small depression 
at the base of the collumella; growth lines prosocline, sweeping back 
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from suture, the amount of curvature increasing near the selenizone, 
so that the lines are subparallel to its upper edge; selenizone distinct, 
but not strongly bordered; lunulae essentially straight except at top 
and bottom, prosocline near forty-five degrees for about two-thirds 
of the width of the selenizone, crossing a spiral thread and abruptly 
turning to opisthocline for a short distance to periphery; below peri
phery, growth lines on the lower whorl surface sweeping forward 
and inward from selenizone for about one-fourth of its total width, 
and then proceeding nearly orthocline to base of columella; ornament 
lacking except for growth lines and rare, irregularly spaced, tiny 
spiral ridges near the suture. 

Discussion: Through the kindness of Dr. H. Jaeger, Geologisch
Palaontologisches Institut der Humboldt-Universitat, Berlin, I have 
been able to examine a large specimen, originally figured by Koken, 
as Pleurotomaria hyperboraea and two smaller specimens, which appa
rently constitute the remainder of the type lot. The large specimen 
and one of the smaller ones each have a patch of shell preserved. On 
the small er specimen, the low spiral thread in the selenizone is present; 
in the larger specimen, the lunulae are eccentric, but uninterrupted. 
The large specimen is here designated lectotype; the two smaller speci
mens, paralectotypes. Through the kindness of Dr. Harry Mutvei, 
Palaeozoological Department, Riksmuseet, Stockholm, I also have been 
able to examine the type specimens of Trochzts ellipticus Hisinger and 
several topotypes and compare them with Koken's specimens. 

Equally important to the clarification of this species is the excellent 
discussion and illustrations given by Lindstrom (1884, pp. 104-106). 
That author recognized the occurrence of a ridge within the selenizone 
in the earl y growth stages of the species and he also illustrated a mature 
specimen of C. elliptica, showing the complete transition in later stages 
from eccentric lunulae to concentric lunulae on the selenizone. In the 
light of this, it is obvious that Koken's supposed specific difference 
between this form and C. hyperboraea is based entirely on an onto
genetic change and cannot be supported. There is some ontogenetic 
change in general shape, the base becoming more inflated with matu
rity; this is shown well in the original lot. 

For some unknown reason, the synonymy given for C. elliptica 

by Koken in 1897 and that given by him in 1925 are entirely different, 
the latter work not only failing to list Lindstrom's important contri-
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bution, but also his own paper of 1889. It has been impossible to exa
mine all the specimens of Clathrospira elliptica (Hisinger) cited since 
the original proposal of the taxon. I have cited the synonymy given 
by Lindstrom, but this is not meant to imply that all these references 
to C. elliptica of various authors are conspecific. Lindstrom's work 
is of such uniformly high quality, however, that one can follow him 
with considerable assurance in this matter. Lindstrom's report of C. 

elliptica in the Silurian of Gotland, Sweden, must be checked as it is 
based on a single specimen, which could have come from a drifted 
block. 

Clathrospira elliptica was reported by Koken from Huk, Bygdøy, 
Oslo, but I have not been able to find specimens identified as that 
species in the collections at Oslo. Dr. J aeger has searched the collec
tions in Berlin and also is not able to find the reported specimens. This 
apparent loss of specimens is of no importance if my synonymy of C. 

hyperboraea under C. elliptica is followed by later workers. I have also 
been unable to find any specimens labeled as belonging to Koken's 
Clathrospira hyperboraea var., but again there seems no reason to 
differentiate this form. Finally, Clathrospira ogygia Koken seems to 
be a lapsus. Although, the species is reported from 4aa, at Huk, 
Bygdøy, I have not been able to find any specimens from that locality 

so labeled. In the plate descriptions, the illustrations listed for this 
species in the text are identified as C. hyperboraea. 

Clathrospira inflata Koken, from beds of the same age in Estonia, 
seems to differ from this species in having the base slightly more in
flated. The difference is not great and further study may show that 
it is not significant. Clathrospira maritima Koken, from slightly older 
beds, apparently is more distinct as the illustrations indicate a strongly 
bordered, strongly concave selenizone. 

Occurrence: 4aa, Lunner, Hadeland; at the road from Stubb
stad to the ponds, Hadeland; Blåsenborg, Oslo-Asker; 4aa?, Huk, 
Bygdøy, Oslo-Asker; Cephalopod Shale, Hovindsholm, Helgøya, 
Nes-Hamar. There are available over a dozen and one-half specimens, 
although most of these do not have the shell preserved. All are in 
an extremely fine-grained, black limestone. 

About another eighteen strongly compressed specimens were col
lected from unit 4a or 4b during construction of the King's Palace, 
Oslo. They possibly can be referred to Clathrospira, but are specifi-
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cally indeterminate. One specimen, probably Clathrospira was collec
ted from the Ampyx Limestone west of the point on Ildjernet Island, 
Oslo-Asker (P. M.O. no. 3865). Poorly preserved, large pleurotomari

aceans also occur in 4c near Brevik. It is quite possible that Clathro

spira ranges throughout the Ordovician dark shale sequence in 
Norway, but there is no evidence that this particular species occurs 
above the level of the Cephalopod Shale. 

The species is common in the Middle Ordovician of Sweden. 
Kaljo and others (1956, p. 32) report it in units C and D in Estonia. 
With the few Estonian collections available to me, I have not been 
able to confirm the occurrence of this species above unit C. 

Clathrospira species 

Plate 6, Figure 10. 

Discussion: One Clathrospira in the fauna is distinct from C. 

elliptica (Hisinger). It has a more inflated base than C. elliptica and 
an apical angle near sixty-five degrees, somewhat lower than in that 
species. The peripheral selenizone is of about the same width. Growth 
lines on the flattened upper whorl surface are prosocline but seem to 
curve backward very little. The specimen is limonitic and partially 
oxydized; it is not possible to observe the details of the selenizone 
or base. 

Occurrence: Ceolosphaeridium beds, Brumundal, Nes-Hamar 
(P.M.O. no. 37142). The specimen occurs in a fine crystalline, reddish 
limestone. 

FAMILY LOPHOSPIRIDAE Wenz, 1938 
SUBFAMILY LOPHOSPIRINAE Wenz, 1938 

Genus Loxoplocus Fischer, 1885 
Subgenus Lophospira Whitfield, 1886 

Loxoplocus (Lophospira) species 

Plate 7, figures 6-7. 

Description: Moderately high-spired pleurotomariaceans, devel
oping a peripheral swelling below selenizone located on upper angula
tion; earliest whorls unknown; moderately high spired, the apical 
angle near fifty-five degrees and the body \Vhorl embracing the penul-
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timate whorl at the periphery; sutures d1stinct, not impressed; whorl 
profile gently inclined near suture, then more steeply inclined for most 
of upper whorl surface, but flattening slightly near outer edge, the 
junction of upper and outer whorl faces being a prominent angulation 
only slightly larger than a right angle, below angulation profile tur
ning inward and then outward so that there is a distinct concavity 
above the peripheral swelling, below the periphery the whorl curving 
strongly downward and inward but not following the are of a circle; 
anomphalous; growth lines nearly orthocline from su ture, swinging 
prosocline across upper whorl surface in a smooth curve and forming 
an angle near forty-five degrees with a prominent lira above upper 
angulation, unknown crossing upper angulation, on outer whorl face 
curved steeply opisthocline to below selenizone for a short distance, 
turning to orthocline well above periphery and continuing orthocline 
to base; selenizone not well known, possibly extending across the 
upper angulation and with a bordering lira at its up per margin; orna
mented by one prominent spiral lira near the upper angulation, sev
eral faint spiral lirae on the upper whorl and closely spaced, but fairly 
prominent growth lines, a few of the growth lines being coarse and 
prominent; shell structure unknown. 

Discztssion: It is unfortunate that the single specimen of Loxo

plocus (Lophospira) obtained in the Middle Ordovician of Norway is 
a juvenile as it cannot be readily compared with the forms described 
from Estonia and from Pleistocene Drift. In spite of its small size, 
the peripheral swelling below the angulation appears to be different 
from any of the species descnbed by Koken from the Middle Ordovi
cian of Estonia. It would be premature, however, to formally assign 
a specific name. 

Loxoplocus (Lophospira) is a common subgenus in North American 
Middle Ordovician faunas. There may be a few more specimens of the 
taxon among the various steinkerns of pleurotomariaceans but it 
is certainly not an important member of the fauna. Indeed, were it 
not for this single specimen the occurrence of the subgenus in Norway 
could not have been proven. Because the steinkerns of pleurotomaria
ceans contribute so little information, their occurrence has not been 
list ed. 

Occurrence: Cyclorinus beds, Furuberget, Nes-Hamar (P.M.O. 
37959). The specimen is in a light gray, bioclastic limestone. 
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FAMILY GOSSELETINIDAE Wenz, 1938 
SUBFAMILY COELOZONINAE Knight, 1956 

TRIBE COELOZONIDES Knight, 1956 
Genus Latitaenia Koken, 1925 

Latitaenia rotelloidea (Koken, 1896) 

Plate 7, figure l. 

1896 Pleurotomaria rotelloidea Koken, Die Leitfossilien, p. 394 
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1897 Pleurotomaria rotelloidea Koken, Bull. Imp. Aead. Sei., St. Petersbourg, 

vol. 7, no. 2, p. 153, fig. 16. 

1925 Latitaenia rotelloidea Koken, Mem. Aead. Sei. Russie, Cl. Phy.-Math., 

vol. 37, no. l, pp. 182-183, pl. 31, fig. 23. 

1941 Latitaenia rotelloidea ( Koken), Knight, Geologieal Society of Ameriea, 

special paper, 32 p. 167, pl. 26, fig. 5. 

Discussion: This species has been adequately described by Knight 
(1941) and need not be commented on. The type specimen of this 
species is reported to be from the Trinucleus shales = Tretaspis beds 
at Porsgrunn. Other specimens in the collection are from the same 
unit at Langesund. Outcrops in both areas were investigated by Hen
ningsmoen and Yochelson without any success in collecting additional 
specimens; the species must be considered rare. 

One specimen in the Middle Ordovician collection is a typical 
representative of this species and is illustrated to document this older 
occurrence. As it was collected by W. C. Bri:igger, it is unlikely that 
either the horizon or locality has been confused. 

Occurrence: 4ba, Nakholmen, Oslo-Asker (P.M.O. 5184). The 
specimen is in a dark gray, fine-grained limestone. 

Pleurotomariacean ? new genus 

Plate 7, figures 8-10. 

Description: Moderately high-spired gastropods with three spiral 
carinae, one at periphery and one above and below periphery; earliest 
whorls unknown; moderately high-spired, apical angle near forty
five degrees; sutures impressed, the body whorl embracing the pen
ultimate whorl on the basal spiral lirae; whorls relatively narrow; 

whorl profile with a spiral lira at the suture, below this lira proceeding 
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outward and downward following a concave curve to a sharp carina 
near the juncture of upper and outer faces, crossing this carina and 
continuing very strongly downwarcl, following a curve concave up
ward, to another carina locatecl on the penphery, crossing this central 
carina and proceecling inwarcl but nearly vertical to the thircl carina, 
this segment again being concave; central peripheral carina locatecl 
midway between the other two; below periphery outer whorl face 
inclinecl inwarcl and strongly downward with little arching to a basal 
carina, this carina not quite as strongly developed as the three above, 
the distance between it and the lowest major carina being about twice 
that of the carinae a ho ve; below basal carina, basal surface inclined 
strongly inwarcl and flattened; anomphalous; growth lines faint, 
prosocline, curving from suture to first carina, unknown on areas 
between the three carina; below third carina growth lines strongly 
opisthocline straight to basal carina, crossing basal carina and conti
rtuing opisthocline across outer half of base, gradually curving toward 
orthocline just before base of columella; inner lip unknown; ornament 
of sutural lira, three carinae on side and basal carina. 

Discussion: This description is based on an external mold (P.M.O. 
no. 72801) and a partial steinkern preserving patches of shell (Riks
museet no. Mo. 87822). Neither specimen preserves cletails of the 

presumed selenizone. It may be a narrow selenizone either above or 
below the periphery, or it may be a wide selenizone bifurcated by a 
central carina. None of these possibilities can be excluded. 

As far as I have been able to determine, this form represents a 
new generic taxon. The combination of the high spire, relative! y narrow 
whorls and three carina on and near the periphery seems to be unique. 
The high spire is atypical of pleurotomariaceans and it may be that 
this form belongs among the murchisoniids. The flattened base is 
not characteristic of that group. Further consideration and formal 
definition of this taxon must be delayed until hetter specimens are 
ohtained. 

Occurrence: Cephalopod Shale, Hovindsholm, Helgøya, Nes-Ha
mar (P.M.O. no. 72801, R. M. no. Mo. 87822). The external mold 
occurs in a black, fine-grained limestone concretion; the partial stein
kern is in apparently the same matrix. Other steinkerns occur at this 
locality; they possibly belong to this species but contribute nothing 
further to our understanding of it and are not listed. 
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SUPERFAMILY TROCHONEMATACEA Zittel, 1895 
FAMILY TROCHONEMATIDAE Zittel, 1895 

Genus Trochonema Salter, 1859 
Subgenus Eunema Salter, 1859 
Trochonema (Eunema) species 

Plate 8, figure 3. 
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Discussion: This identification ls based on a single, distorted 
specimen. Although it is not well preserved, the growth lines are ex
tremely clear and show that there is no selenizone. 

The specimen has broad whorls coupled with a moderately high 
apical angle. There is a spiral ridge near the suture and two ridges 
on the side, the upper one forming the periphery, and a slightly less 
prominent ridge a short distance below the periphery. Grotwh lines 
are straight from the suture to the upper ridge, curving back slightly 
after crossing it, but at the peripheral angulation turning to gently 
opisthocline and continuing straight downward with virtually no 
interruption; the growth lines are not certainly known below the 
lowest ridge, but may curve to orthocline. Umbilical characters are 
unknown. Except for the growth lines, ornament is lacking. 

Occttrrence: Coelosphaeridium beds, Furuberget, Nes-Hamar. 
(P.M.O. no. 37339). The specimen occurs in a slightly metamorphosed, 
moderately coarsely grained, very dark gray limestone. 

SUBORDER TROCHINA Cox and Knight, 1960 
SUPERFAMILY PLATYCERATACEA Hall, 1859 

F AMIL Y HOLOPEIDAE Wenz, 1938 
SUBFAMILY HOLOPEINAE Wenz, 1938 

Genus Holopea Hall, 1847 
H olopea henningsmoeni Y ochelson, new spe eies 

Plate 8, figures 8 - lO 

?1925 Holopea sp. Koken, Mem. Acad. Sei. Russie, Cl. Phy.-Math., vol. 37, 

no. l, p. 218, pl. 32, fig. 20. 

Description: Globular, moderately high-spired gastropods with 
an orthocline aperture; shell with few rapidly expanding whorls; 
body whorl embracing penultimate whorl below periphery; apical 
angle near sixty-seven degrees; sutures prominent and impressed; 
whorl profile rising from suture and then arched continuously into 
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umbilicus without development of a shoulder or a circumbilical angu
lation; in detail, the upper part of the whorl slightly flattened, the 
periphery at middle part of whorl, and below the periphery following 
essentially an are of a circle in to the umbilicus; narrowly phanerom
phalous, umbilical characters not known in detail; growth lines rising 

from suture slightly opisthocline, but straight, orthocline on side and 
continuing orthocline in to the umbilicus; ornamented by closely 
spaced but prominent growth lines, becoming slightly finer near the 
umbilicus, and a few slight, irregularly spaced, elongate swellings 
on the upper part of whorl. 

Discussion: One is always faced with a problem in genera such as 
Holopea where there are few characters for examination and discrimi
nation of taxa. In some strata, far too many species of this genus 
have been proposed and one should always be chary of introducing 
still another new name. At the same time, the specimens available 
in Norway are so well preserved that I hesitate to refer them to species 

known only from poor material. The name Holopea eichwaldi (Holte
dahl, 1909, p. 9) has been used in faunal lists for steinkerns from the 
Cephalopod Shale. 

This new species is particularly characterized by a moderately well 
rounded whorl and prominent, straight, nearly orthocline growth 

lines. The species named by Koken are not all well illustrated and dif
ferentiation is not obvious. H olopea nitida Koken is a description 
without an y accompanying specimen. H olopea simplex Koken and 
H. aequalis Koken appear to be based on steinkerns. Holopea eich
waldi Koken seems to show a wide shallow sinus in the outer lip. 
Holopea ampullacea (Eichwald) and possibly H. inaequistriata Koken 
show prominent tubercules near the suture and perhaps might be 
hetter referred to another subgenus or genus. 

Holopea sp. of Koken, from the Lower Gray Orthoceratite Lime
stone at Husbyfjol, Sweden, may be conspecific, but I have not 
examined the specimen. 

Occurrence: Cephalopod Shale, Hovindsholm, Helgøya, Nes-
Hamar (P.M.O. nos. 72799 holotype, 72780). External impressions of 
two specimens were found in fine-grained, black limestone concretions. 
The unfigured paratype is P.M.O. no. 72780. 

Low-spired, rounded steinkerns occur at several localities in Nor
way but one cannot be certain if they belong to this genus. 
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Genus Haplospira Koken, 1897 

Haplospira new species 

Plate 8, figures 5-7. 
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Description: Moderately high-spired gastropods, ha ving a promi
nent shoulder; sutures smooth, the body whorl embracing the penulti
mate whorl at periphery; upper whorl surface inclined outward and 
downward following a concave curve to a prominent angulation; 
outer whorl face ±lattened and inclined ouhvard below this angulation 
for a very short distance, then gradually arching outward to periphery, 
located below mid-whorl, where there is a faint suggestion of an 
angulation, below the periphery bending strongly but smoothly in
ward and finally flattening abruptly near the columellar area; lowest 
part of base unknown, but possibly anomphalous with a depression 
at the base of the columella; growth lines prosocline on upper surface, 
crossing upper angulation without any apparent change in curvature 
and continuing prosocline along outer whorl face to base, on the base 
turning slightly toward orthocline; columaller li p unknown; orna
mented by growth lines only, most of the lines being fine with dose 
but irregularly spaced coarser lines so the surface gives an irregular 
appearance. 

Discussion: Although Knight and others (1960, p. I 239) placed 
H aplospira in the synonym y of H olopea, it seems vviser to now consider 
it again as a distinct genus. The upper angulation appears to be a con
sistent feature and this distinguishes it from the more or less well 
rounded whorl profile of Holopea. 

I have compared the Norwegian specimens with the lectotype of 
H. 1'ariabilis, illustrated by Knight (1941, pl. 52), and the remainder 
of the type lot. Although the lectotype has fairly prominent shoulder, 
on the other specimens this feature is more or less incipient. Not only 
is the shoulder more prominent in the Norwegian species, but the 
specimens are relatively narrower and higher. The material does not 
appear to be adequate to assign a formal name. 

Haplospira sp. of Koken (1925, p. 213) is so poorly illustrated that 
one cannot be certain it is even congeneric. 

Occurrence: 4b, Bratterud, Ringerike (P.M.O. nos. 20609, 20609a, 
20610); 4by, above Vestbråten, Røyse, Ringerike (P.M.O. no. 7804). 
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Two small specimens, partially v.ith shell and a larger steinkern are 
in a coarsely crystalline, nearly black limestone. A crushed specimen 
from Røyne is in a light gray limestone. 

Holopeid gastropod 

Plate 8, figures 1-2. 

Dt'scussion: Two incomplete, low-spired specimens are available. 
Growth lines are steeply prosocline, almost vertical, at the suture and 
bend to less than twenty degrees from vertical just below the sutural 
area and proceed straight with this inclination to the base where they 
then turn toward orthocline. The whorl profile is concave near the 
suture, flattened and inclined outward on the upper part of the outer 
whorl face, without the development of a true upper angulation, and 
well rounded below the periphery. The specimens may be phanerom
phalous. There is some suggestion of nodes on the upper part of the 
outer whorl face. 

The growth lines are holopeaform in general, but because of the 
presence of node-like swellings near the periphery, I am not inclined 
to refer this taxon to Holopea. It is evident that this form, Holopea 
and Naticonema?, all occurring in the same fauna and yet all different, 
would produce steinkerns which could not be differentiated. For this 
reason it is figured; the material in hand is certainly inadequate for 
formal diagnosis. 

Occurrence: 4ba, Holmen at Volden, Oslo-Asker (P.M.O. no. 
6306); 4b0, south of Skjærholmen, Oslo, Oslo-Asker (P.M.O. no. 
5348). Both specimens occur in light gray, fine-grained limestone. 

FAMILY PLATICERATIDAE Hall, 1859 
Genus Cyclonema Hall, 1852 

Subgenus Cyclonema Hall, 1852 
Cyclonema (Cyclonema) spedes 

Plate 8, figures 4, 12. 

Disc�tssion: One specimen quite characteristic of the subgenus has 
been identified. It shows the typical numerous spiral lirae and steeply 
prosocline growth lines, both of which are slightly irregular. The 
specimen is small, possibly juvenile. It is of interest only in that it is 
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the only representative of the genus found in the Middle Ordovician 
of Norway. 

Occurrence: 4by, in the forest between Nerby and Helgehagen, 
Hadeland (P.M.O. no. 68284). The specimen occurs in a light gray, 
coarsely crystalline limestone associated with numerous brachiopods. 
It is possible that some steinkerns in the collection may belong to 
this subgenus, but they would haw to be identified solely on shape 
of the inner surface of the whorl, a dangerous procedure. 

Genus Naticonema Perner, 1903 

Naticonema? praecursor (Koken, 1925) 

1925 Natiria praecursor Koken, Mem. Acad. Sei. Russie, Cl.-Phy.-Math., vol. 

37, no. l, p. 226, pl. 36, fig. 11, 16; pl. 40, figs. 20a, 20b. 

Description: Low-spired gastropods with prominent irregular 
growth lines; earliest whorls unknown; sutures strongly impressed; 
whorl profile knmvn only from steinkern, curved from suture into um
bilicus without any interruption by carina or angulation, flattened 
on the upper surface, well rounded on lower surface and with the 
periphery above midwhorl; umbilical features not known, but pos
sibly with a depression at the base of the columella; growth lines 
probably prosocline, possibl y with an irre gul ar sinus near mid-whorl; 
ornament not certainly known. 

Discussion: This species is questionably assigned to N aticonema, 
solely on general shape, but it is not known whether the species pos
sessed the spiral ornament characteristic of that genus. Naticonema 
is the only widely explanate platyceratid currently recognized in the 
Ordovician. Specimens of similar form but lacking spiral ornament 
are known from other faunas. Eventually, either another genus must 
be proposed for those lower Paleozoic Platyceratidae lacking spiral 
ornament or the definition of Platyceras must be expanded to include 
these forms. The available material does not warrant any further 
discussion of this point. 

Unfortunately, the original specimens and labels of N. praecursor 

are hopelessly mixed. As near as one can determine, the original mate
rial consists o± four specimens. One steinkern (P.M.O. no. 72805a) and 
another specimen with shell (P. M.O . no. 72805b) in one box and labelled 
"Ohne Lokalitat" are marked as the originals of pl. 40, figs. 20a 
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and 20b. The specimen with shell does seem to be the model for fig. 
20, which Koken suggests is from unit Sa. The other specimen, the 
steinkern, might be the original of pl. 36, fig. 11, which is reported by 
Koken to be from 4aa, at the King's Palace in Oslo. There is no reason 
to believe that these two specimens are conspecific and it may well be 
that they are not even congeneric. 

Another specimen has part of the shell preserved. It is labeled as 
the original of pl. 36, fig. 16 and reported to be from Brønnøy, Asker, 
collected from Sb? (P.M.O. no. 1272S). Koken's illustration is only 
that of growth lines of a shell from 4aa, at Brønnøy. The fourth sped
men is labeled Natiria praecursor and is from 4aa, Huk, Bygdøy (P. 
M.O. no. 354S). This specimen seems hetter to fit as the original of 
fig. l 6 than does the preceeding o ne. These last two specimens may 
not be conspecific with each other or with either the first two. 

It is possible that Sa outcrops at Brønnøy, but it is quite unlikely 
that this unit occurs at the other localities mentioned. Within the 

Oslo city area, there are many steinkerns from 4aa, which although 
smaller might be comparable to the steinkern mentioned above. For 
this reason, there is more reason to trust the 4aa horizon than the 
reports from unit S. 

At the same time, there may very well be a different platyceratid 
in unit S. The situation is so tangled and the material on hand is so 
unsatisfactory that it is not possible to decide to what form the name 
should be applied. Therefore, I designate the steinkern as lectotype 
(P.M.O. no. 7280Sa) and urge that this name not be applied to other 
specimens. The specimen is intentionally not illustrated in the hope 
that the specific name will not be applied to other specimens. The 
other specimens are not certainly paralectotypes, since they may not 
be conspecific, but the two poor specimens are included purely as a 
matter of convenience. The well preserved specimen is definitely 
excluded from this species. 

The platyceratids are an extremely difficult group to interpret. 
Because of their coprophagous life habit, they show an amazing 
amount of individual variation, varying because of where they were 
emplaced on the crinoid host and also reflecting the irregularity of 
the substrate. It seems likely that without study of large populations 
from known, restricted geological horizons, no satisfactory species 
concepts can be developed. For this reason, I have refrained from 
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renaming the well preserved specimen in the original lot of this 
speCies. 

There are low-spired steinkerns from the Cyclocrinus limestone 
at Furuberget, Nes-Hamar, which might be platyceratids, but they 
cannot be identified with any degree of certainty. 

Ocwrrence: 4aa, Huk, Bygdøy, Oslo-Asker (P.M.O. no. 3545); 
?Brønnøy, Oslo-Asker (P.M.O. no. 12725); ?King's Palace, Oslo
Asker (lectotype P.M.O. no. 72805a). The lectotype is an iron stone 
steinkern; the other two specimens, which could belong to this species, 
are black in a black, pyritic limestone. 

?ARCHAEOGASTROPODA 
SUBORDER MURCHISONIINA Cox and Knight, 1960 

SUPERF AMIL Y MURCHISONIACEA Koken, 1896 
F AMIL Y MURCHISONIIDAE Koken, 1896 

Genera Indeterminate 

Discussion: Only two specimens, pro ba bly murchisoniids, are 
known from Middle Ordovician beds. Neither is well enough preserved 
to illustrate but they are discussed in the hope that better specimens 
will eventually be collected. 

The first is a juvenile external mold from the Cephalopod Shale. 
Apical angle is about thirty-five degrees. The upper whorl surface is 
inclined outward and downward with little arching. The outer whorl 
is rnoderately well rounded but bear four spiral lirae wich inter
rupt the curve. The first two are closely spaced, the second being at 
the periphery. The third and basal carina are more widely spaced. 
The base is flattened and inclined inward. The body whorl ernbraces 
the penultimate whorl on the base so the general profile is distinctly 
angular. No growth lines are preserved but the overall appearance 
suggests Murcht'sonia (Hormotoma). The spiral lirae cause a superficial 
resemblance to the form distinguished as Pleurotomariacean? new 
genus, but that form is lower spired and has the lirae placed differently 
on the whorl. 

The second specimen is a large steinkern from the Coelosphaeridium 
beds. The specimen is distorted but the apical angle is less than forty
five degrees. The upper whorl surface is steeply inclined but only 
gently arched. The periphery is marked by a wide, cord-like swelling. 
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Below this, the outer face is nearly vertical for about the same width 
as the upper whorl face and then turns smoothly but rather abruptly 
into the flattened base. The specimen cannot be readily placed in any 
of the known genera. 

Occurrence: Cephalopod shale, Hovindsholm, Helgøya, Nes
Hamar (P.M.O. no. 72804); Coelosphaeridium beds, Furuberget, Nes 
-Hamar (P.M.O. no. 34368). 

The first specimen is in a black limestone concretion; the second 
is in a light gray, bioclastic limestone. 

SUBORDER UNCERTAIN 
SUPERF AMIL Y CLISOSPIRACEA Miller, 1889 

FAMILY CLISOSPIRIDAE Miller, 1889 
SUBFAMILY CLISOSPIRINAE Miller, 1889 

Genus Mimospira Koken, 1925 
Mimospira cf. M. turrita Koken, 1925 

Plate 8, figures 11, 13. 

1925 Mimospira (turrita Kok?), Mem. Acad. Sei. Russie, Cl. Ph y. -Math., 

vol. 37, no. l, p. 317, expl. pl. 40, fig. 4. 

Discussion: One incomplete specimen of this poorly known genus 
was figured by Koken although it is not mentioned in the text. The 
specimen shows the characteristic sinistral (or hyperstrophic) coiling 
and strongly impressed suture on the steinkern, coupled with a mode
rately small apical angle. Two patches of shell are preserved and these 
show the strong, nearly rib-like growth lines. It is too incomplete to 
determine if this form is conspecific with M. turrita. 

Mimospira? atavus (Moberg and Segerberg), from the Ceratopyge 
Limestone in Sweden, cannot be readily compared because of the 
incompleteness of the type, the only known specimen. It differs from 
M. turrita in having the coarse growth lines more closely spaced, but 
it is possible that this is simply a juvenile feature. 

Occmrence: 4aa, Helgøya, Nes--Hamar (P.M.O. no. 36942). The 
matrix of the steinkern is a brownish, resinous appearing, limestone 
not particularly typical of 4aa at this locality. 



MONOPLACOPHORA AND GASTROPODA 

ORDER CAENOGASTROPODA Cox, 1959 

SUPERFAMILY LOXONEMATACEA Koken, 1889 

FAMILY LOXONEMATIDAE Koken, 1889 
Genus Loxonema Phillips, 1841 

Loxonema septentrionale Koken, 1925 

Plate 8, figures 14-15. 
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1925 Loxonema septentrionale Koken, Mem. Acad. Sei. Russie, Cl. Phy.-Math. 

vol. 37, no. l, p. 250, pl. 37, fig. 11. 

Description: Loxonematid gastropods developing subsutural 
spiral ornament: earliest \Vhorls unknown; high spired, apical angle 
near twenty-eight degrees; sutures distinct, not impressed; whorl 
profile below suture curved outward and then inward in a cord-like 
swelling for approximately one-seventh of the total distance of the 
width of the whorl, this swelling evident on the steinkern as a thick 
subsutural cord, incised below, so that upper part is distinctly set 
off from the main body of the whorl, the profile below this cord gently 
and smoothly arched outward to the periphery a little lower than 
mid-whorl and below the periphery turning inward to suture, the 
lower part of this arched area being more abruptly inclined than 
the upper part; base unknown: growth lines straight, steeply prosa
dine from suture across band-like area, below which continuing 
prosocline but curving to form a wide but shallow sinus, the center 
of which is at the periphery and proceeding opisthocline below the 
center of this sinus, the lower part of the growth line extending for
ward of the upper part; columellar lip unknown; ornamented by 
five or more spiral lirae on subsutural swelling and closely spaced 
growth lines. 

Discussion: The original lot of this species apparently consists 
only of the holotype figured by Koken. While it is possible that this 
gastropod does come from unit 4, as reported by Koken, no loxone
matids have been found in any of the collections from the Middle 
and early Upper Ordovician. Loxonematids do occur in the Gastropod 
Limestone (Sa). At the moment, it seems more likely that this species 
was collected from Herøy Limestone (all Upper Ordovician strata 
above the Tretaspis shale, 4ca) than from the Middle Ordovician. Until 
more specimens are obtained, the horizon must remain uncertain. 

The type is incomplete, lacking both the upper part of the spire 
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and the aperture; growth lines are distinct. Loxonema septentrionale 

may readily be distinguished from the Norwegian Upper Ordovician 
Loxonema broeggeri Koken by the shallower apertural sinus, the spiral 

lirae near the suture and the pronounced subsutural cord. In the 
steinkern this cord is so sharp that the base of it superficially resem
bles the suture. 

There is a small, high-spired gastropod with rounded whorls in the 
Cephalopod Shale at Hovindsholm, Helgøya, Nes-Hamar. No growth 
lines are preserved and it is not possible to determi.ne if the specimen 
is a loxonematacean. Except possibly for this specimen, no loxone
mataceans are known from undoubted Middle Ordovician beds in 
Norway. 

Occurrence: "4, Bre,rig" Skien-Langesund (P.M.O. no. 72806). 
The holotype is of dark gray limestone. 
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PLATE l 

Figs. l, 5, 10-11. Hypseloconus? conoidea (Koken) (p. 149). 

(Figs. l, 5) Top and ?right side views of holotype, a steinkern, from 4aa, 

Huk, Bygdøy, Oslo-Asker. P.M.O. no. 20260. x 2. This is the original 

of pl. 40, figs. 15, 15a, 15b of Koken, 1925. (Figs. 10, 11) ?left side 

and top views of another specimen, from 4a, Hovindsholm, Helgøya, 
Nes-Hamar. P.M.O. no. 72790. x 3. This is the original of Palaeac

maea species, pl. 39, figs. 15a, 15b of Koken, 1925. 

Figs. 2-3. S. (Sinuites) corpulentus Koken (p. 156). 
Dorsal views and right side views of holotype, from 4aa, Huk, Bygdøy, 

Oslo-Asker. P.M.O. no. 20267. x 2. Note the large sinus and the fine 
spiral ornament on the patch of shell preserved near the center of 

the sinus. This is the original of pl. 18, figs. 13, 15 of Koken, 1925. 

Figs. 4, 7. «Lepetopsis» inopinata Perner (p. 150). 

Top and side views of the holotype from «4, Nas, Hedemarkem. P. 
M. O. no. 72789. x 2. This is the original of pl. 37, fig. 10 and pl. 40, 

fig. 18 of Koken, 1925. 

Figs. 6, 15-16, Archinacella stoermeri, n. sp. (p. 148). 

(Fig. 6). Oblique top view showing apex of para type, a steinkern from 

4d, Hadeland, P.M.O. no. 35301, x 4. 
(Figs. 15, 16) Left side and top views of holotype, a steinkern from 4aa, 

Hovstangen, Hadeland, P.M.O. no. 33106. x 2. 

Figs. 8, 12. Archinacella species (p. 149). 

Top and right side view of steinkern from 4aa, Hjortnestangen, Oslo
Asker. P.M.O. no. 72792. x l. This is the original of pl. 40, fig. 16 

of Koken, 1925. 

Figs. 9, 13, 14. Pharetrolites? elegans (Koken) (p. 153). 

Slightly oblique left side, left side and dorsal views of holotype, a 
partial steinkern, from unit 4, subdivision unknown, found loose from 

a clay mass at the Alum workings in Oslo, Oslo-Asker. P.M.O. no. 

8868. x 1.5. This is the original of pl. 17, figs. 18-20 of Koken, 1925. 

Figs. 17-18, 21. Pharetrolites? tumidus (Koken) (p. 151). 

Dorsal adapertural, dorsal and right side views of holotype, from 
unit 4, Oslo-Asker. Riksmuseet no. Mo. 87600. x 2. This is the 

original of pl. 28, figs. 11, 12 of Koken, 1925. 

Figs. 19-20. Archinacella norwegica (Perner) (p. 147). 

Top and right side of views holotype, a steinkern, showing impression 

of concentric growth lines and radial ornament, from 4aa, Melbostad, 

Hadeland. P.M.O. no. 72791. x 3. The specimen is on a fragment of 

Clathrospira elliptica (Hisinger). This is the original of pl. 40, fig. 17 

of Koken, 1925. 
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Figs. 1-S. Tropidodiscus spenonotus (Koken) (p. 1S8). 

(Figs. 1-3) Adapertural dorsal, left side and right side views showing 

sharp circumbilical ridge of a hypotype, a paralectotype of T. imbri

catus, from 4af3, Asker, Oslo-Asker. P.l\1.0. no. 20310. x 2. This is 

the original of pl. 2S, fig. 31 of Koken, 192S. (Fig. 4) H.ight side view 

showing imbricate shell of the lectotype of T. imbricatus, from 4aa, 

Hjortnestangen, Oslo-Asker. P.M.O. no. 40738. x 3. This is the origi

nal of pl. 2S, figs. 28-30 of Koken, 192S. 

(Fig. S) Right side view of lectotype, a partial steinkern, from 4aa,? 

Djuptrekkodden, Oslo-Asker. Riksmuseet no. Mo. 87828. x 3. The 

specimen has been partially destroyed by oxyidation of pyrite. This 

is the original of pl. 2S, fig. 37 of Koken, 192S. 

Figs. 6-8, 12. Phragmolites? reticulata (Koken) (p. 162). 

(Fig. 6) Dorsal adapertural view of lectotype, a partial steinkern, from 

4b?, Bråten, Asker, Oslo-Asker. P.:.VI.O. no. 72796. x 2. Note the 

apparent difference between the selenizone of this specimen and the 

following one. This is the original of pl. 27, fig. 1S of Koken, 192S. 

(Figs. 7, 8) Left side and very slightly oblique dorsal views of para

lectotype, a steinkern, from 4b?, "Kordstrand, Sjøvollbukta, Oslo

Asker. P.l\I.O. no. 638S. x 2. This is the original of pl. 27, figs 12-14 

of Koken, 192S. 

(Fig. 12) Left side view of hypotype showing ornament, from Cyclo
cnnus beds, Bergvik, Helgøya, :'-Jes-Hamar. P.:\I.O. no. 38108. 
X l.S. 

Figs. 9-11. Cymbularia pygnzaea Koken (p. 173). 

Right side view adapertural view showing rounded posterior of slit 

and dorsal view showing expansion of aperture of lectotype, a partial 
steinkern, from 4aa, Huk, Bygdøy, Oslo-Asker. P.l\1.0. no. 40739. 

x 3. This is the original of pl. 26, figs. 2-3 of Koken, 192S. 

Figs. 13-19. 5. (Sinuites) niger Koken (p. 154). 

(Figs. 13, 17) Dorsal and lcft side views showing impressions of growth 

lines of hypotype, a steinkern, from 4a, Huk, Bygdøy, Oslo-Asker. 

P.l\I.O. no. 72794. x l.S. This is the original of pl. 17, figs. 4,S of Koken, 

192S. 

(Fig. 14) Oblique dorsal view of hypotype showing patch of shell 

preserving faint growth lines, from 4a, Huk, Bygdøy, Oslo-Asker. 

P.:\1.0. no. 7279S. x 2. 

(Figs. 15, 18, 19) Aclapertural dorsal view, dorsal view showing faint 

spiral ornament, and right side view of holotype, probably from 4a, 

Lunner, Hadeland. Riksmuseet no. l\fo. 87598. x 3. 

(Fig. 16) Right side view of hypotype showing spiral lirae on patch 

of shell, from 4aa, Hovindsholm, Helgøya, Nes-Hamar. P.NI.O. no. 

36828. x 2. This is the original of pl. 17, figs. 9, 10 of Koken, 1925. 
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Figs. l, 5-6. Tropidodiscus? ogygiae (Koken) (p. 161). 

Right side, adapertural dorsal and dorsal views of lectotype, a pyriti

zed steinkern, from 4aa, Hjortnestangen, Oslo-Asker. P.M.O. no. 
3636. x 3. This is the original of pl. 26, figs. 31, 32 of Koken, 1925. 

Figs. 2-4, 7-8. Kokenospira insularis (Koken) (p. 168). 

(Fig. 2) Adapertural dorsal view of paralectotype of Bucaniella gla

brata showing spiral lirae on a patch of shell, from 4aa, Huk, Bygdøy, 

Oslo-Asker. P.M.O. no. 40446. x 3. 

(Fig. 3) Dorsal view of lectotype, a steinkern, showing depth of slit, 

from 4aa, Huk, Bygdøy, Oslo-Asker. P.M.O. no. 20273. x 3. This 

may have been the original of pl. 23, fig. 43 of Koken, 1925. 

(Fig. 4) Oblique side view of paralectotype, a steinkern, from 4aa, 

Huk, Bygdøy, Oslo-Asker. P.M.O. no. 20273a. x 2. This may be 

the original of pl. 23, fig. 42 of Koken, 1925. 

(Figs. 7 -8) Very slightly oblique dorsal view showing approximate 

depth of slit and right side view of lectotype of Bucaniella glabrata, 

a steinkern, from 4aa, Huk, Bygdøy, Oslo-Asker. P.M.O. no. 40447. 

x 3. This may be the original of pl. 23, fig. 41 of Koken, 1925. 

Figs. 9, 12-13, 16. Kokenospira estona (Koken) (p. 166). 

(Fig. 9) Dorsal adapetural view of hopotype, from 4ba, beach section 

at Bratterud, Ringerike, P.M.O. no. 7234. x 2. Compare the number 

of spiral lirae with that shown in fig. 12. 
(Figs. 12-13, 16) Dorsal adapertural, left side and right side views of 
specimen from 4ba, beach section at Bratterud, Ringerike. P.M.O. no. 

7233. X 3. 

Figs. 10-11, 14-15. Bucania? christianiae (Koken) (p. 164). 

(Figs. 10-11) Right side and dorsal views of lectotype, a partial 

steinkern, from 4b?, King's Palace, Oslo. P.M. O. no. 20356. x l and 

x 2. This is the original of pl. 23, figs, 10, 11, 13 of Koken, 1925. The 

enlargement shows growth lines on the patch of shell to left of dorsum 

and the swelling of the dorsom of the steinkern at maturity. 

(Figs 14-15) Right side and adapertural views of latex impression 

of external mold from Cephalopod Shale, Hovindsholm, Helgøya, 

Nes-Hamar. P.M.O. no. 72797. x 2. 
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Figs. l, 2, 5, 7. llelicotoma) norvegica (Koken) (p. 175). 

(Figs. l, 7) Oblique side and top views of the lectotype of Straparollus 

paullulus, a steinkern, from the Cephalopod Shale, Hovindsholm, 

Helgøya, Xes-Hamar. P.I\I.O. no. 36993. x 3. This is the original of 

pl. 16, figs. 6-6a of Koken, 1925. 

(Figs 2, 5) Side and top views of holotype, a steinkern, from 4a of 

4b, King's Palace, Oslo. P.::\I.O. no. 20274. x 2. This is the original 

of pl. 16, figs. 4-4c of Koken, 1925. 

Figs. 3, 6, 9. Helicotoma) new species (p. 178). 

Side, oblique top and basal views of latex impression, from Cephalopod 

Shale, Hovindsholm, Helgøya, l\es-Hamar. I'.l\1.0. no. 72798. x 4. 

Figs. 4, 8, 10. Helicotoma new species (p. 176). 

Adapertural side, b:tsal and slightly oblique top views of specimen 

from 4b, beach section at Bratterud, Ringerike. l'.:\1.0. no. 7355. 

X 3. 

Figs. 11-14, 16. Lytospira norvegica Koken (See also pl. 5, fig. 7). (p.179). 

(Fig. 11) \' ery slightly oblique basal view of lectorype, a steinkern, 

from 4aa, Oslo area. P.J\1.0. no. 20263. x l.S. This is the original or 

pl. 16, fig. 9 of Koken, 1925. The twisting of the shell out of a plane 

causes the apparent thickening near the crack. 

(Figs. 12, 16) Oblique top and basal views of a paralectorype from 4b, 

King's Palace, Oslo. P.M.O. no. 40424. x l. This is the original of 
pl. 16, figs. 10, lOa, 10b of Koken, 1925. 

(Figs. 13-14) Top and basal ,·iews of a paralectotype, a steinkern, 

from 4aa, or Cephalopod Shale, Hovindsholm, HelgvJya, Nes-Hamar. 

1'.1\I.O. no. 37012. x l. This is the original of pl. 16, figs. 11-11a of 

Koken, 1925. Part of the shell near the apex has been broken since 

Koken's illustrations were prepared. 

Figs. 15, 17-19. J(okenospira new species (p. 171). 

Dorsal view, enlargement of right side near aperture, left side view 

and enlargement of aperture of specimen, from 4b?, l';'akholmen. Oslo 

-Asker. P.l\I.O. no. 5325. x 2 and x 4. The enlargements shows the 

interruption of the spiral lirae ncar the aperture and the true depth of 

the short slit. 
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Figs. 1-2, 4-6, 12-13. P. (Pararaphistoma) schmidti (Koken) (p. lt\5). 

(Figs. l, 5) Side and top views of paralectotype, from Oslo area. 

Unnumbered specimen from Geologisch-Palaontologische lnstitut 

der Humboldt-Universitat. x 1.5. This is the original of pl. 11, fig. 8 

of Koken, 18i"l9. 

(Figs 2, 6) Side and oblique basal views of a steinkern, from 4aa, 

Lunner, Hadeland. P.M. O. no. 33577. x 1 .5. 

(Figs. 4, 12) Top view and enlargement of lectotype, from Oslo area. 

Unnumbered specimen from Geologisch-Palaontologische lnstitut der 

Humboldt-Cniversitat. x l and x 4. This is the original of pl. 11, fig. 

7 of Koken, 11)89. The enlargement shows growth lines and the lira 

on the upper surface. 

(Fig. 13) Latex impression of the upper surface of an external mold, 

from +aa, Gran, Hadeland. P.l\I.O. no. 33377. x 1. 5. 

Fig. 3. Lytospira species (p. lill). 
Slightly oblique basal view of specimen, a steinkern, from 4b?, Terne

holmen, Oslo-Asker. P.l\1.0. no. 5611. x l. The specimen has been 

tipped slightly to partly compcnsate for foreshortening resulting 

from curvature of the specimen in the thircl dimension. 

Fig. 7. L ytospira Koken (p. 179). 

Side view of a paralectotype, from 4b?, King's Palace, Oslo. P.:\I.O. 

no. 40425. x 2. This is the original of pl. 16, fig. 9a of Koken, 1925. 

Th:; spccimcn shows clearly ,,·hcre a forcign particle was imbcddccl 

in the shell. 

Fig. 8. Ecculiomplwlus species (p. 11-l4). 

Top ,·iew of a steinkern, from 4aa, :\luggerudkleiva, Heistad, south 

of Kongsberg, Eiker. P.l\l.O. no. 60432. x l. Compare the rate of 

coil expansion with fig. 10. 

Figs. 9-11. Ecculiomphalus cf. E. princeps (I<.emele) (p. 11-ll). 
(Figs. 9-11). Side and top vie,,·s of specimen, from 4l.J, Bratterud, 

Ringerike. P.:\I.O. no. 20613. x l. The side view shows the frill exten

ding above the true upper surface. The top view is of the steinkern 

obtained by removing the up per half of the rock in the preceeding figurc. 

(Fig. 1 O) Basal view of a steinkcrn, from Coelosphaeridium bed�., 

Furu berget, ::\es-Hamar. P.l\l.O. no. 21962. x 1. 
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Figs. 1-9. P. (Pararaphistoma) bipatellare (Koken) (p. 187). 

(Figs. l, 2, 5) Oblique basal, top and apertural views of lectotype, a 

steinkern, from 4b, Kråkeholmen, Oslo-Asker. P.J\1.0. no. 6060. 

x 2. This is the original of pl. 16, fig. 14 of Koken, l 925. 

(Figs. 3 -4) Oblique top and apertural views of a paralectotype, a 
steinkern, from 4b, Kråkeholmen, Oslo-Asker. P.l\1.0. 6058. x 2. 

This is the original of pl. 16, figs. 13-13a of Koken, 1925. Compare 

the shape of the outer whorl face with that of the lectotype. 

(Fig. 6) Slightly oblique top view of ]argest paralectotype, from 4b, 

Kråkeholmen, Oslo-Asker. P.l\1.0. no. 5064. x 2. At this size the 

species superficially resembles a Lesueurilla. 

(Figs. 7 -9) Slightly oblique side, slightly oblique basal and top views 

of hypotype, from 4a{J, Kojatangen, Oslo -Asker. P.:\1.0. no. 20301'\. 

x3. This may be the original of pl. 16, figs. 15-15a of Koke:1, 1925. 

Fig. 10. Clathrospira species (p. 197). 

Side view of specimen from Coelosphaeridium beds, Brumundal, Nes 

-Hamar. P.l\I.O. no. 37142. x 2. 

Figs. 11-17. Clathrospira elliptica (Hisinger) (Sec also pl. l, fig. 19) (p. 197). 

(Fig. 11) Side view of hypotype, a well preserved steinkern, from 

Cephalopod shale, Hovindsholm, Helgøya, 1\es-Hamar. P.M.O. no. 

369S4. X 1.5. 

(Figs. 12 -15) Side view and basal view of paralectotype, a partial 
steinkern, from the Oslo area. Cnnumbered specimen in Geologisch

Paliiontologisches Institut der Humbolt-l'niversitiit. x 2. 

(Figs. 13-14) Side and basal views of lectotype, a partial steinkern, 

from the Oslo area. l:nnumbered specimen in Geologisch-Paliionto

logische Institut der Humbolt-Universitiit. x l. This is the original 

of pl. 10, fig. S of Koken, 1 S89. The base is more inflated than in the 

smaller paralectotype and shows the absence of a spiral lira in the 

selenizone. 

(Figs. 16 -17) Oblique side and basal views of a hypotype showing 

growth lines and anomphalous base, from the Oslo area. P.:\1.0. no. 

219. x 1.5. This may be the original of fig. 15 of Kjerulf, 1865. 
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Fig. l. Latitaenia rotelloidea (Koken) (p. 199). 
Top view of hypotype, from 4ba, �akholmen, Oslo -"\sker. P.l\I.O. 

no. 51tH. x l. 

Figs. 2-3. Onzospira? holtedalzli, n. sp. (p. 191). 
Oblique basal and side views of holotype, from Cyclocrinus heds?, 

Furuherget, �es -Hamar. P.:\I.O. no. 31\232. x 3. 

Figs. 4--5. Liospira species (p. FlO). 

Side and top views of specimen from Cyclocrinus becls, beach at :\'es 

opposite Furuberget, ::\es -Hamar. P.:\1.0. no. 31\9117. x 2. 

Figs. 0 -7. Loxoplocus (Loplwspira) species (p. 197). 

Oblique top and side views of specimen from Cyclocrinus beds, Furu

berget, :'\cs -Hamar. P.J\1.0. no. 37959. x 7.5. 

Figs. 1-1 -lO. Plcurotomariacean? new genus (p. 199). 

(Fig. 1-1) Side view of a latex impression, from Cephalopocl Shale, 

Hovindsholm, Helgøva, :'\es -Hamar. l'.:\1.0. no. 7 2801. x 1-i. 
(Figs. 9 -lO) Side and basal viev.;s of a partial steinkern, from Ce

phalopod Shale, Hovindsholm, Helgoya, :'\es - Hamar. Eiksmuseet 

no. :\Io. Sh\21. x H. 

Figs. 11 -13. Jfourlonia mjoesa, n. sp. (p. 192). 

(Fig. Il) Side view of la tex impression of hol o type and para type, from 
Ccphalopocl Shalc, Hm·indsholm, Hclgo,·a, :\es- Hamar. P.:\!.0. 
no. 31194a and no. 31194b. x 3. 

(Figs. 12 -13 ) Side and oblique basal views of la tex impression of 

paratvpe, from Cephalopod shale, Hovindsholm, Helgoya, ::\es -Hamar. 

P. :\!.0. no. 721-103. x 3. The small inductura is \\ell shown. 
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Figs. 1-2. Holopeid gastropod (p. 204). 

OLlique top and side views of specimen, from 4ba, Holmen at Volden, 

Oslo-Asker. P.:.\I.O. no. 6303. x 3. 

Fig. 3. Trochonema (Eunema) species (p. 201). 

Side view of distorted specimen, from Coelosphaeridium beds, Furu

berget, Nes-Hamar. P.::\1.0. no. 37339. x 1.5. 

Figs. 4, 12. Cyclonema (Cyclonema) species (p. 204). 

Side and adapertural side views of a juvenile specimen, from 4by, 

in the forest between 1\erby and Helgehagen, Hadeland. P.M.O. No. 

68284. x 3. The slightly irregular growth lines may be seen on fig. 4. 

Figs. 5-7. H aplospira new species (p. 203). 

Basal, oblique top and side views of a specimen, from 4b, Bratterud, 

Ringerike. P.l\1.0. no. 20609a. x 4. 

Figs. 8-10. Holopea henningsmoeni, n. sp. (p. 201). 

Basal, slightly oblique top and side views of a latex impression of the 

holotype, from the Cephalopod Shale, Hovindsholm, Helgøya, .L\es

Hamar. P.l\1.0. no. 72799. x 4. On fig. 8, the latex has been bent 

slightly to show the umbilicus and the subangular shape of the whorl. 

Figs. 11, 13. ,Vfimospira cf. 2\!I. turrita Koken (p. 208). 

Side and oblique top views showing patches of the shell of hypotype, 
from 4aa, Helgøya, Nes-Hamar. P.l\1.0. no. 36942. x 10. This is the 

original of pl. 40, fig. 4 of Koken, 1925. 

Figs. 14-15. Loxonema septentrionale Koken (p. 209). 

Side view and enlargement showing details of the sutural ornament 

and growth lines of the holotype from <<4, Brevig>>, Skien-Langesund. 

P.l\1.0. no. 72806. x l and x 3. This is the original of pl. 37, fig. 1 1  

o f  Koken, 1925. 
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